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1.0  - Power Generation and Storage System
Written by Ross Bendon (1901002)
The group has decided on using air to power the projection of the ball as it offers more adjustability in power compared to other methods such as  therefore as part of my area, it was upon me to design the chamber to hold the pressurised air however I was given some restrictions in terms of size so that it could fit in between the bracket arms of the base which is 59mm and the upper of the chamber to fit a  half inch diameter of the solenoid valve that will be bought and also have other restrictions stated in the IMECHE General Specification such as the maximum pressure allowed (50bar) due to safety concerns and the maximum volume (1 litre) but to try to maximise the volume within the circumstances, I will use the full 59mm available and taper the top in to meet the required diameter of the solenoid valve. By researching different materials, I decided PVC would be best as it is cheap to buy, easy to work with and depending on what thickness is bought, can hold a high amount of pressure close to the maximum pressure specified by IMECHE, 50bar (IMECHE, General Specification).
By using the requirements, I was able to develop a design using the volume of a cylinder equation;  and the volume of a tapered cylinder; , r being the radius of the bigger cylinder and R being the radius of the smaller cylinder on top, although to maximise the volume the tapered height will be much less than the cylinder height, I first tried to create the design with a volume of one litre however due to the size restrictions the height was coming out far too large for it to fit with any other components, I then realised that half that volume, 0.5 litres, would be satisfactory as long as the pressure was high enough. By having V=0.005m3 and a high taper percentage I was able to come to a complete design as shown in Figure 1 below. This seems the most efficient design in storing compressed air as it will be easier to make than more extravagant designs and will be easy to alter if changes are needed to be made such as the overall length or diameter of the bottom hole.
[image: ]
Figure 1 - Complete Pressure Chamber Design
The total height of the piece came to 225.77mm including the smaller cylinder to allow it to be screwed on to the valve which means that it will fit nicely onto the designed base and be compatible with the components that we will be buying. Having threaded the top cylinder it may not be completely accurate to the actual thread pitch needed due to software limitations but is still included to give some idea to what the final design would look like and therefore is likely to change when creating the launcher. The thickness of the PVC may also change, it is currently 3mm however I was unable to calculate the thickness needed for the desired pressure to be held at a stable level and as we have not yet completed any prototype testing then it is unknown whether this thickness would stand the pressure so will be subject to change as the prototype testing is completed although it was my best estimation to what the value of the thickness will be.
The hole at the bottom of the chamber is where the tyre valve will be located, this is for easy access as the component will be tilted to the side when the launcher is assembled and can be pumped up using a regular bike pump which is cheap and easy to obtain. The diameter of the hole is exactly the same as the diameter of the tyre valve, 11.6mm (Tyre Stuff) to ensure a tight fit. Other bonds will be added to secure the fit and ensure that there are not any gaps for the air to escape such as super glue or other alternatives.
[image: ]
Figure 2 - Cross Section of Pressure Chamber
Using the section view ability on Solidworks, Figure 2 allows you to see the thickness of the piece and the inside area available, the threaded area also being blacked out which also indicates that it would count as part of the volume because it is to be screwed on to the valve that is being used to release the air.
[image: PVC pipes - bursting and operating pressure limits diagram]
Figure 3 - PVC Pressure Ratings
As shown in Figure 3, the PVC can hold large amounts of pressure, much more than will be needed to complete the challenge no matter what size piping we opt for, PVC is also lighter than other alternatives like aluminium so it will be easier to carry the launcher to its desired location, being more flexible also helps in its durability and it is not susceptible to corrosion from the weather. Also thinking further into the future of possible larger markets, PVC is less labour intensive to create and could therefore save time and money if the launcher were to make it to market.
 



2.0  - Energy Release and Safety System
Written by Harley Bates (1800078)
• Trigger / Release
[image: ]The trigger will be a square device that will be about the size of your hand. It will have a button on both sides, one will be to arm the other one. This is so you will have to press both buttons to release the pressure in the tank through the valve and fire the squash ball. This will help reduce misfires. At first, I wanted both buttons to be on the front of the device in question as this looks more aesthetically pleasing. However, it quickly became apparent to me that if someone was to drop the firing device it could fall on to the face of the device which could cause a misfire as both buttons could be, theoretically, pressed upon impact. On the face of the device there will be a LED, this is so we can test the trigger without having to fill the tank each time and it will also make sure that when we connect it to the rest of the circuit, it is wired up correctly as a diode is directional (figure 4). Another safety feature that will be included is that the device will be removable from the rest of the circuit so that we can be sure that the launcher will not be fired when we are not around. This will be done by using spade connectors so it can be put in and out easily and it will not short out as it has a rubber insulator around it. Due to using buttons with an approximate 10000 press life we can be sure they will fit for purpose and meet all our needs and will not fail us. We are using copper wire; therefore, we know it will be able to handle the current that we will be putting through it without issue. This button will be made from wood as it is easy to use and it is cheap to make and subsequently, it means it is easy to replace if something was to go wrong under testing.
                                                                                       (figure 4) image showing simple trigger system

With regarding the release, we decided to go for a premade Sprinkler valve (figure 5) as we believe this will be the best way forward. This is because from the research we have done we discovered that when sprinkler valves have been used with foam rockets they would make the foam rockets go a lot further then other things typically tested “…But sprinkler valves make rockets go dramatically higher (~5-10x).” There was another air cannon made with the valve and they said “…At 60 PSI, this device is able to shoot a small orange at ~77 mph with a range of ~500 feet”. With using a sprinkler valve, it will be a lot easier to control the distance as all you would need to do in theory is put a lower pressure in the tank. With going down this root we can ensure that the launcher will fire more reliably as the values are not prone to leaking as they are a sealed unit and we can ensure that they are good quality as they are made by reputable companies. One group did a study on ‘…Relation Between Pressure and Initial Velocity at a Constant Volume…’ and we can use this study as a base line for our testing to find out the pressure to distance ratio (figure 6 and figure 7).  The sprinkler valve is made from glass-filled polypropylene which will insure it is strong enough for what we will be needing it for. It will also be able to handle the force and vibrations throw rigorous testing ‘tensile strength of 125 MPa, and a heat distortion temperature of 155°C.’. The valve operates by an indirect solenoid with flow control handle this will also help us with the fine turning of our aim. It has a minimum pressure of 1 bar and max of 10 bar (14.50 psi – 145.03 psi) 
Costing 
Rain Bird Solenoid valve - £ 16.44incl. VAT excl. shipping
Button - 20 pcs= £6.98 only need two so =£0.70 incl. VAT excl. shipping
[image: ]Device tbc
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[image: ](figure 7) pressure to velocity graph
(figure 6) psi-velocity table


(figure 5) Sprinkler valve




3.0 - Lateral Aiming and Range Adjustment System
Written by Evan Morcom (1802426)
Progress from concepts to final design
To develop from concept designs towards the final design, all the key features and specification had to be fully understood. Using the previously crated design specification to help.
Within the area of lateral and range design, the most important requirement was to be able to adjust for any possible scenario that can happen in the competition. This being related to the angle change of 90° lateral and a variable range of 2.0 to 6.0 meters. There are other important requirements such as full device must fit on the 600x600mm table with no overhang and must bolt to the table via a launch location pin.
Following from the discussion about the concepts, the team decided that the base had to implement triangle shapes on the vertical and lateral axis. This giving structural rigidity as well as allowing for critical adjustments.
As a group, it was made clear that the adjustment should a be a manual system as there will be less to wrong and cheaper to manufacture.
The design has developed from a few sketches to several fully dimensioned technical drawings, including an assembly drawing to further aid the image of what the final product will be. However, even thought it has come this far, there were a few challenges along the way. The most difficult challenge was to design a mechanism that didn’t bind on itself whilst adjusting on of the axis. Also, once the lateral axis was adjusted all the way left or right, the bracket holding the barrel would’ve interfered and the system wouldn’t have worked. To overcome this, the bracket was designed to have a flexible support which will hold the barrel no matter of the angle. The parts and materials used has gone back and forth. From using grub screws to hold a part in place for ease of adjustment to a simple nut and bolt for extra security within the grip. Over the time of designing each part, little things were edited and altered as the team were constantly gaining more knowledge. This came into the design process nearer the end of the timeline whilst designing the smaller add on pieces. 
This design was chosen as it seemed to be the most effective and efficient that fits within our price budget. Overall, the concept drawings all shared a similar triangle style base. Though, the adjustment mechanisms differed across all of them. The biggest changes occurring with the firing technique but that is a separate design area. After looking into manufacturing techniques, it became clear that the base, range and lateral adjustment parts will need to be separate pieces for ease of construction. Although a one-piece design would look aesthetically pleasing, function has a bigger role for this project. All the parts have had ease of manufacture in mind alongside price as the team is working to a tight budget. 





Final design proposal
Inc. design calculations, technical drawings, solid models, assembly.
The final design will be made of multiple pieces which all have solid models and technical drawings, constructing the base and controlling the range and lateral adjustment. Once these parts are manufactured, all the parts of the team can be matched up together and finish the line launcher. These parts being the following:
The Base
[image: ]







Figure 8. – Solid model of Base

[image: ]Figure 9. – Technical Drawing of Base


The Height Adjustment Bracket
[image: ]







Figure 10. – Solid Model of Bracket
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Figure 11. – Technical Drawing of Bracket





The Barrel Bracket
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Figure 12. – Solid Model of Barrel Bracket

[image: ]Figure 13. – Technical Drawing of Barrel Bracket



[image: ]The Height Support












Figure 14. – Solid Model of Height Support

[image: ]Figure 15. – Technical Drawing of Height Support


The Height Adjuster
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Figure 16. – Solid Model of Height Adjuster

[image: ]Figure 17. – Technical Drawing of Height Adjuster



The Base (Figure 8&9)
The base has an overall thickness of 20mm, this allows for detail to be removed and still lots of material for structure. The outside radius at the back of the base measures a radius of 285mm, this will keep the structure fully within the limits of 600x600mm as well as proving good stability, however there is still lots of room at the front of the base to add stabilization if needed, this will be confirmed during testing. 
All the filleted edges will be filed and don’t have to be accurate as this is more of an aesthetic feature. This can be noted on the drawing by the ±0.5.
The base has three partial cuts underneath two allow for bolts to sit flush to the base and not protrude and foul the table. One of the cuts is to allow the 10mm bolt which will clamp the lateral adjustment, this will be an Allen headed bolt to allow ease of adjustment on the fly. The other two holes are for 6mm bolts which will hold the height adjuster bracket.
The Height Adjustment Bracket (Figure 10&11)
This bracket will bolt to the base via two 6mm bolts, this will give stability to the parts that will attach above. The angle of the bracket is 20°, this will give the barrel a nice angle of fire when in any of the available positions. 
The Barrel Bracket (Figure 12&13)
This next bracket will also attach the base however, it will only be bolted using one 10mm bolt, this will be used to secure the lateral angle of the launcher. It does this be being manually loosened by a member of the team and then being slide around the slot cut into the base and then once at the correct angle being tightened. On the top of the bracket is two uniform holes, these will be used to attach the bottom of the barrel with a pin, this will make change in vertical angle available once the height is changed.
The Height Support Tube (Figure 14&15)
 This part bolts to the height adjustment bracket (Figure 10) and its role is to be the outer sleeve for the height adjustment, the tube will make changing the overall height easy due to the mechanism used.
The Height Adjustment Tube (Figure (16&17)
This tube will slide into the previously mentioned support tube (Figure 14) and will have a nut and 10mm bolt. This bolt will be slid through either of the available holes, depending range required will decipher which hole will be used, the lowest hole will decrease the angle of the barrel and the highest hole will increase the barrel angle. At the top of the tube, there is a ‘U’ shape feature which follows similar traits to the barrel bracket (Figure 12). This will support the top end of the barrel creating a complete triangle shape giving the full structure stability and rigidity. 





[image: ]Once all the base and related parts have been manufactured, it will bolt together as so: Figure 18. – Assembly Model of Complete Base
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