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Richard Parker 		Lateral Aiming and Range Prediction and Adjustment
Oliver Turner 			Mounting System and Systems Integration
Ollie didn’t contribute to the team after the first hand in, he says he was ill for most of January. Richard took responsibility for this part and has used slightly over the word count to do justice to the extra considerations.
Elliot Shaw			Power Generation and Storage
Joseph Omar 			Energy Release and Safety System
Kielder Francis 		Projectile Launch and Line Management

[bookmark: _Toc31666375]Design Proposals
[bookmark: _Toc31666376]Lateral and Range Adjustment, Mounting and System Integration (Richard Parker)
The first step for the group once the design specification was done and research was completed was to draw up several concepts for the design. While there were some less feasible ideas, such as trebuchets and slingshots, the main concepts with sketches were as follows:
· Compressed air in a tight-fitting barrel					 Figure 1
· Using a compression spring mounted inside a barrel			 Figure 2
· Using a pair of extension springs outside a barrel				 Figure 3
· Using a pair of extension springs, but with a rail instead of a barrel		 Figure 4
The group decided to use a barrel with a pair of extension springs either side as it would be easier to assemble and fix issues with than a spring inside the barrel; was a more simple set up than designing a rail and ‘cart’; and they had little relevant experience of using compressed air and valves and agreed it would be difficult to fine tune it to the power necessary because of this.
When looking at range adjustment, the key decision was whether to alter the angle, power, or a combination of these for each shot. Altering the angle wouldn’t have enough effect on the distance as the minimum ceiling height set out in the IMechE challenge brief was 3m, so giving the power needed for a shot at 6m when angling the ball for a 2m shot would exceed this height limit, considering the ball starts from around 1m high. Using a combination of the two variables added in uncertainties and would decrease accuracy, so only altering the power was the best option.
Altering the force exerted by a spring is simple through altering the extension, but this is where the system integration work was a challenge. I didn’t want to use any significant increments for range adjustment, as over a range of 2m to 6m even 50 increments would give large gaps in where the ball would land. Joseph’s trigger system at this point all worked as one neat unit, so I could mount it onto one Mounting Bar that could move back and forth, making some type of Mounting Rail that the Bar would slot into, and that Rail would be secured to the barrel. We wanted to have the springs fixed at the front end of the barrel, pull the bar behind the ball back to the desired extension, then secure the Trigger Bar at the exact length we wanted. I thought that the easiest way to secure the Bar to the Rail would a through bolt with a wingnut on to help speed of set up, and by putting a series of holes but with different scales on you can pull back the bar as far as you want then just put the bolt through which holes is closest to being perfectly in line. I settled on using 5mm holes with 5mm gaps on one, with 5mm holes starting with a 5mm gap but decreasing by 0.1mm each increment. In the drawings handed in, the Rail is too short so choice is limited nearer min or max extension, but this will be fixed by making the Rail longer with more increments. By using this in conjunction with a scale on the side of the barrel of how far the spring is extended by, we can test run the device to produce a table of what extension gives what distance shot. In a competition run then, we could just measure the distance for the shot, check the table to find the right extension, pull the Mounting Bar back in the Rail to the right point and secure it with the wingnut, pull the Spring and Bar back behind the Trigger Bar then it’s ready to fire. A diagram better showing the Rail system is given in Figure 5.
In the IMechE competition brief, it says that the firing table could be angled at +-10°, but it wouldn’t be practical to have a full table for 20 different values. An easier option would be to alter the barrel so it would always fire at 45° to the floor. The design chosen is displayed in Figure 6, with the maths demonstrating how the angles and widths of each step was found shown in Figure 7. 
The device also had to be adjustable laterally, and the initial concept was to have 2 parallel sheets pivoted around a point and clamped int the desired position. This would have been straightforward to do but the extra sheet of material would take from the £30 budget cap, so the final method chosen was to pivot the base sheet around the launch pin on the table, and rely on the weight of the device and the symmetry of the forces to keep it steady when fired. MDF was chosen due to it’s low cost and hard flat surface, and 18mm thickness for it’s relative rigidity and through a compromise between high weight and high cost. On Woodsheets.com, a 650x300mm sheet cut to size is £5.03, so doesn’t take an unreasonable part of the budget. One sacrifice here though is that it frays badly when machined, so we’ll need to machine the step section out of a plastic insert that we san recess into the surface of the MDF. As MDF is soft, we can easily screw into it to secure the Bottom Mount for the barrel, though if we screwed straight into it small bumps would form under the mount from the displaced material, generating instability in the system. Small pilot holes will be drilled in the screws positions to prevent this.
[image: ]As the budget constraints are such a big factor in this project, many of the parts will need to be produced out of cheap plastics as opposed to metal, though for many parts this doesn’t sacrifice performance. 3D printing would be good to use for many of the parts, but as time is also a factor we may have to order a block of nylon or acrylic and cut and machine various parts out of that. On Theplasticpeople.co.uk, a 12mm sheet of Nylon 6 of 200x200mm is £9.85, and with more time spent shopping around and consideration given to cutting various parts out of one block with minimal waste this could be reduced further. There are also several nuts and bolts used as pivot point in the device, but the IMechE brief states that individual parts under 20p can be considered free in the price list, so these can be bought as needed without eating away at the budget.
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		Figure 7
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[image: ]With a design finalised our team has decided to go with a spring propelled launcher, using two smaller sized springs rather than one larger spring. The springs are to be mounted on either side of the barrel towards the tip. 

[image: ]To make sure the springs could launch the ball I had to design a brace to mount the springs too. The braces would then be connected to the end of the barrel via clamps.  The design of the braces will bare this in mind and have a hollowed centre so they may be fastened onto the barrel. 
[image: ]As for the creation of the braces the fastest and most cost-effective solution is to have them 3D printed out of plastic. This allows to make changes and to have an existing set to use for practice runs.
The braces shall be stationary the entire time, secured to the barrel. The way the launcher is aimed is through the power of the spring. The rear of the spring shall be pulled back to a certain distance attached to sliders on rails as shown in the following photo:

[image: ]The springs we have selected are of 100mm in length and 0.51 in thickness. It can be stretched if needed up to 450mm if needed and if there is too much drag on the inside of the barrel when fired the spring size can be upgraded. These current springs being extended 20mm from the barrel on either side produce a constant force of 6.5N/m each.
With regarding cost, a set of AH2532 springs can be purchased at flexosprings.com for approximately £3 per spring and weigh 5.3 grams each. Meaning if needed replacement springs can be ordered cheaply and rapidly if needed. 
[image: ]

I still have a few concerns with the springs however, In my opinion they do not have sufficient weight behind them to hold firmly whilst being fired as they are quite thin but on the other hand the mass that needs to be shifted isn’t too significant either, with the weight of the squash ball being only 25g.
 The other spring that will be used as a backup if our original doesn’t have the stiffness or power required. The spring in question is the AH3132 also found at flexosprings.com has twice the thickness but therefore doesn’t stretch as far.
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The part I have designed below is an actuator this is how we will be activating the release mechanism how it works is that there will be a wire trailing from the bottom of the of the actuator leading to a 9v battery (as an example) when the current is going through the actuator will be in a compressed state, when we decide to fire our line launcher we will press a button to release the actuator from its released state, then the circular part of the actuator will extend when it does that it will push the trigger bar upwards that will then let go of the bar holding the springs down at that point the squash ball will fire 
[image: ]
This part is the trigger bar handle, the job of this part is to hold the bar that releases the squash ball. 
To further explain we decide how far we what the ball to travel via the use of a rail, the trigger bar handle will travel down the rail as far as we decide it to simultaneously the bar handle pull the bar that are attached to the springs, the springs will be in a compressed sate to start off with then as we pull back on the bar the springs will decompress then we screw in the nut and bolt to hold the trigger bar in place and in turn the trigger bar will stop the bar holding the springs and squash ball from firing. 
when we decide to fire our appointed device controller will press the button and the actuator will push the trigger bar upwards, that will then release the bar holding the ball then the springs will compress back to the way they were at the start such a speed that the ball will exit the barrel  
[image: ]
This part is called the trigger bar mount. 
What this part does is attach to the trigger bar mount and the rail we will use to adjust the range we shot the squash ball at. 
In theory the holes on the side of the bar mount will allow a bolt to go through it and the trigger bar mount making sure that the trigger system is where it needs to be to make the trigger bar as secure as possible 
[image: ]
This is my groups assembled parts you can see my trigger bar handle holding the bar in place you can also see the rail on which the trigger system is mounted on this will move up and down the rail depending on how much power we what to launch the spring a.

This is an isometric view 
[image: ]
[image: ]
You can see from the side how this would operate, you can literally pull back on the bar to adjust range.


[image: ]
This is the final assembly, you can see my trigger system you can see the highest the rail can be raised and how far we can pull the bar back to generate power.
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The part that I have designed is the barrel and line system, the part where the ball travels along and how the line is stored and released. 
The barrel:
I kept the idea for the barrel short and sweet. It’s just a plastic PVC tube, like the drains you have under your sink, but has a big enough inner diameter to nicely fit the squash ball inside. We will attach two mounts at the front of the barrel, (one on each side) that we will hold the fixed end of the springs. The other end of the springs will connect to the moving bar, which is the propulsion system of our launcher. These springs are being extended, so the further we pull them, the stronger the force exerted will be. I will cut two slits on each side of the pipe, so the bar can pass through easily. On top of the barrel will be a bar resting parallel to it, which will be the device that makes the force provided adjustable. It is attached to hooks that will rest of the bar, which can make the extension of the springs adjustable. The pipe will be mounted at 45°, which will have a hinge at the bottom of the barrel in the event that the inclination of the table has been changed. To make the barrel freer to move when adjusting the angle, I have cut away at the end so it does not get caught at all. About half way up and underneath the barrel will sit another mount, which essentially holds up the barrel. It also has a hinge close to the top so that if the inclination changes, it can change with the hinge at the bottom of the barrel, so it remains at 45° at all times. At the top of the barrel is a hole for a nail to go in, which will act as a safety in the event that the ball is fired unintentionally. (See Figure 1 below)
[image: C:\Users\kielderfrancis\Downloads\thumbnail_image (1).png]
(Figure 1)


Line storage:
[image: C:\Users\kielderfrancis\Downloads\thumbnail_image (4).png]We have found that the best way (in terms of cost, most effectiveness and overall simplicity,) is to have a cone to contain the line. Ideally, the cone would be placed on the barrel, but as it would save us the trouble of finding out how to attach it without getting in the way of the bar, we decided to attach it to base of the launcher. However, the challenge of making the line slip off with as much ease approaches, as there will be much more resistance in its current state. One of the solutions that we found was that we could cut a bit of the top off so the line releases more smoothly, and then cut a bit off the bottom of the cone off at an angle, so it is pointing in the same direction as the ball when it is fired. To keep it locked on the base, I added two mounts to stick into the base, which prevents any movement of the cone. (See Figure 2 below). When we are getting ready to fire, we will make sure the ball is carefully lowered into the barrel, to prevent too much of the line falling into the barrel, otherwise the ball could get caught in there.(Figure 3)

[bookmark: _GoBack][image: C:\Users\kielderfrancis\Downloads\thumbnail_image.png]	(Figure 2)		             
The bar:
A simple, plastic bar is the idea we went with for the method of pushing the ball toward the target. I made it long enough for it to go through the barrel, and for it to show on both side. The idea is that the springs will pull the bar towards the end of the barrel, making the ball soar through the air, so the spring would have to be attached somehow. I did this by making two holes on opposite sides of the bar so that the force exerted is equal on both sides, preventing any uneven or sideways forces. The bar also has to be pulled back when resetting it to the correct position, so the bar also has to be a bit longer for that to happen too. (See Figure 3).
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