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1.0 Launching Mechanism
1.10 Spring loaded firing system

This firing system involves the use of a large spring to transfer energy into the squash ball. The system is charged when the spring is compressed and restrained by the trigger mechanism. Once the trigger is released the spring discharges its potential energy which is then transferred to the squash ball sending it down the barrel and out towards the target. Spring launchers are common place in many different applications from toy guns to kitchen cabinet doors. The inspiration for this particular design came from a Britains LTD 25 PDR Howitzer gun toy. The toy uses a very simple version of a spring loaded firing mechanism to fire matchsticks from the gun. 
[image: Image result for britans ltd howitzer"]Figure 1 shows an example of a Britains LTD gun. The firing system for which is comprised of very few parts. Simply, a base, a firing pin and a spring. The base includes the barrel of the gun which the spring is located inside. The spring is coiled around the firing pin which is flattened at the end to hold the spring in place. The spring is then compressed against the base at the 
Figure 1. 
rear end of the barrel. To stop the firing pin from coming out it is bent at a 90 degree angle outside of the barrel. There are then slots in the base where it can be held in place to cock the gun. To fire the gun it is then just a case of turning the firing pin so that the bent section no longer catches on the base. Figure 2 shows a close-up of the firing mechanism from the rear of the gun. The red bars represent the two positions the firing pin can be held at, in the photo the gun is in the un-cocked position. 
[image: Image result for britans ltd howitzer"]Figure 2. Trigger hold
Firing pin
Spring located inside barrel
Match sticks loaded into barrel


The Britains LTD design features only one setting for the power of the shot. For the competition the launcher will be required to fire within a range of distances. Therefore it is important that, in addition to the angle, the power of the shot is adjustable to increase for long range and decrease for short range. For this reason the design shown below features a way of making the power of the shot adjustable. 

[image: ]Figure 3[image: ] 
Figure 4




1.11 Pros and Cons
Pros:
· Very few parts
· Simple operation
· Potentially low cost
· Adjustable power

Cons:
· Difficult to manufacture
· Difficult to automate the firing pin release 
· May be difficult to get enough strength in the structure

1.12 Evaluation of Spring loaded launcher
To evaluate, while the design does seem viable for the application the biggest concern is over the materials required. As the spring will need to be stiff compressing it will put a lot of pressure on the other components, therefore the firing pin and base will have to be manufactured from high strength materials which will be expensive and make the manufacturing process much harder. Furthermore it will be difficult to design a trigger system that will work from each firing position and that is strong enough to move the firing pin the appropriate distance. For these reasons it is necessary to explore more designs for the system. 








1.2 Compressed gas launch system
The next option to be explored was gas power. This system uses small 8 gram CO2 canisters to launch the projectile. When the canister is pierced the release of pressure from the canister pushes against a back plate and propels the canister and projectile forward down the barrel. Inspiration for this design came from the F1 in schools competition which uses these CO2 canisters to propel wooden model cars down a track. This design could easily be adapted for use in the IMechE competition. 
Below is a sketch of a gas powered launcher design.
In this design the canister is loaded into a block placed behind the squash ball. The block features a hole in the back for the firing pin to fit through and pierce the canister to release the gas. The block is then propelled forward pushing the squash ball with it. As the block travels down the barrel the taper inside eventually means that it cannot travel any further while the squash ball is able to keep going out of the end of the barrel.  















1.21 Pros and Cons of compressed gas
Pros:
· Powerful
· Cost effective
· Basic trigger system 
Cons:
· Unreliable
· Nonadjustable power
· dangerous

1.22 Evaluation of gas power
To evaluate, while gas power could be harnessed to produce great results in the competition it would require a lot of testing with various different canister sizes which could put a big strain on the team budget. Secondly, there is a big question of safety when working with compressed gas as canisters can easily be pierced accidentally. Finally, the system is generally unreliable as the pressure of each canister can vary without the user being aware. Therefore it would make it difficult to achieve consistent results in the competition. 










1.3 Electric powered launcher
The final design considered was an electric powered launcher design, inspiration for this came from a design commonly used in tennis ball launchers. The design involves using two spinning wheels attached to motors to fire the projectile from the barrel. When the ball reaches the wheels it is compressed between them and shot out of the other end. The power is controlled by the speed of the rotating wheels meaning there is lots of adjustability in the power setting. 
Figure 6 shows a diagram of a tennis ball launcher.
[image: ]
Figure 6.
This design was then adapted to meet the specifications of the competition. The following technical drawings show the design for the electric launcher system. 
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Figure 7.
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Figure 8.
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Figure 9.
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Figure 10.
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Figure 11.
Figure 7 shows several isometric views of the complete assembly. Figure 8 shows a technical drawing of the tube the ball is fired from with sections cut out of each side for the rotor wheels to reach the squash ball. The rotors shown in figure 9 are mounted directly to a 540 size brushed motor, the basic dimensions of this are modelled in figure 11. Figure 10 shows the motor plate that the motors are bolted too, this will be connected to the pipe using two Jubilee clips. The motor plate is larger on one side to make room for mounting of the electronic control board for the motors. The controls will feature an adjustable speed control to give the mechanism different power settings to achieve different ranges when firing. The rotor wheels will be held in place on the motor shaft with a grub screw, they will then be wrapped in grip tape to aid traction on the squash ball.  The tube shown in figure 8 will be made from a cost effective PVC pipe in order to keep the price of the system down. 



1.31 Pros and Cons of Electric launch system:
Pros: 
· High adjustability
· Reliable power delivery
· Compact
· Simple construction
Cons: 
· Potentially expensive to create
· Will require a large amount of testing

1.32 Evaluation of electric power
After, much consideration it was decided that the teams launcher would use the electric power system as it has the potential to provide the device with a reliable launching mechanism capable of generating a range of powers to fire all different distances in the competition. With the electrical components being available at very low prices it will help keep the cost of the design to a minimum, in addition to the low cost materials used elsewhere it makes the total system economically viable on the tight competition budget. Finally, another reason the design was chosen was due to the team being excited over the nature and complexity of the design and the challenges it brought with it. 









2.0 Base Lewis Aubrey 1802539

2.1 Introduction:

The Group has been given the task to design and create a projectile line launcher to catapult a rubber squash ball into different target areas. The challenge facing the group members is that it must have an adjustable range and must be able to be controlled via a switch or something similar. This has given the group a difficult choice in which way to go with the design chosen.

The group faced multiple decisions as there were many options when looking at the base and structure of the line launcher, multiple ideas were mentioned such as a box to stand the firing tube on with an adjuster attached to adjust the range and angle at which the squash ball was fired from. This issue was found to be too complex to manufacture and was deemed not cost effective due to having to purchase or build an adjustable stand and have a strong structural box to stand the tube on. 
The second design discussed was the one that all group members deemed was the best option, this design consisted of a tripod styled stand, this would allow adjustability easily and cost effectively, this could either be done by releasing one of the legs and re adjusting the position it was set at, this would be used to change the aim and angle at which the ball was fired, the range will be unaffected due to the firing mechanism being an electric powered motor so the majority of the range is dependent on the rpm “revolutions per minute” that the motor is set at.

2.2 Angle adjustment:

With the final design decided, the way at which the angle will be adjusted will be to loosen the top clamp in the design and reset the position at which the leg is set at, this will then change the angle at which the ball is fired at, a benefit of using this system such as a tripod is that the height at which it stands is adjustable by loosening every leg and spreading them outwards, this will result in a dropped height overall. Before performing our group has decided to test the differences at which the angle set effects the distance travelled by the ball, this will help with the competition as the group will have an idea where to set the angle to reach various distances.


2.3 Range adjustment:

The range a in this groups design is dependent on an electric motor, this motor will be adjustable by the amount of power provided to it, this will then spin faster and slower depending on the inputted power, this will help with the range at which the ball will reach, the motor will spin a high friction tape that will launch the ball outwards of the PVC plastic tube that the group has decided to use.

2.4 The Final design:

[image: ]

This is the final design that has been made after discussing the different options with the group members. This design consists of three legs that are bolted to a base plate, these legs are bolted on which allows adjustability of the aim of the tube and can quickly be changed to suit the range and distance required.
One benefit the group has for using this design is the cost effectiveness, this is because the only parts required are a metal sheet, this is because the base can be made out of a square cut and the legs can be cut and bent at the bottom to create the balance of the leg, this can all be done by using one small sheet of metal, average prices for a small sheet of metal is roughly £8 GBP. This allows a large amount of change that can be spent on the motor that the group needs etc.
















3.0 Safety Mechanism Taylor Winter

The rules state; “all devices must be fitted with a safety mechanism which prevents the device being accidently fired once armed” (ImechE, 2019) therefore a safety mechanism has been devised to prevent the squash ball from accidentally being fired from the barrel. 

Design

For the design, inspiration was taken from the safety mechanisms commonly used by guns. “There are two primary types of locks to protect handguns and rifles: trigger locks that are supposed to prevent the trigger from being pulled, and cable locks to prevent the firing of a weapon by blocking the barrel or the use of ammunition.” (M Tobias, 2007) The mechanism decided upon was a cable lock method using a steel pin horizontally through the centre of the barrel. This method was chosen as the line launcher does not have a typical gun-like trigger therefore this method would not be suitable. The barrel of the line launcher is 46mm therefore, the pin is 55mm to ensure that it fits comfortably through the entire barrel.  For extra safety, an additional pin has been added to ensure that the primary pin isn’t accidentally removed. As seen below:



Figure 1: Technical Drawing of the Safety Mechanism
[image: ]


Materials 

For the safety mechanism multiple material were considered, the first was aluminium. “Aluminium is a silvery-white, lightweight metal. It is soft and malleable.” (rsc, 2020) As it is lightweight it seems ideal for this design however due to its malleability it isn’t very reliable, if the squash ball is accidentally fired multiple times there would be a risk of the aluminium pin either bending or breaking, making it less safe. 

However, titanium is much stronger, “despite being as strong as steel, titanium is about 40% lighter in weight.” (Bell, T. 2020) However, when compared to steel it is apparent that steel is more suitable for this design. “The most important properties of steel are great formability and durability, good tensile and yield strength and good thermal conductivity.” (Total Materia, 2020)

When the prices of these materials are compared it is apparent that steel is the most affordable, “Steel still trumps other materials used in car making by providing “lower-cost” solutions, according to the world’s largest steelmaker, ArcelorMittal.”  (Fast Markets , 2014)

Overall the decision made was to use steel because of the strength, formability and price.

Conclusion 

To conclude the cable lock method was chosen because it is the most practical safety mechanism for this design. It is easy to remove however it is secure enough not to fall out resulting in accidental firing which could lead to injury. An extra safety precaution taken was the additional pin that has been added, this will work in the same way as the primary pin which will make the line launcher much safer as it is means there is slightly more steps in removing the mechanism.

Once the line launcher is set up to the base and is ready to be used the safety mechanism can then be removed. To remove the safety mechanism the secondary pin must be removed from the primary. Then the primary pin can be removed from the barrel making the device ready to fire safely.

By making the mechanism out of steel, the safety is further increased. Steel is one of the strongest metals that is able to be used for this purpose. This means that if the squash ball is accidently fired the ball will hit the pin and roll back down to the base, stopping it from leaving the barrel. Steel is also one of the cheapest options, meaning if it were to somehow get damaged, replacing it could be done with ease. 

Overall, everything that was considered helped to produce the most reliable and practical safety mechanism for the line launcher.





























Olivia Jenkins 1910165
Projectile Launch and Line Management 
4.0 Projectile Launch:
Taking into consideration the cost budget of £30 (IMechE specifications, 2019), availability of materials to us and the safety rules and regulations of the IMechE competition, a 200mm long tube made from PVC for the ball to be released through deemed the most effective way to launch the yellow squash ball. Following the laws of ‘barrels’ used in artillery devices that was previously researched, this barrel like PVC tube should allow the projectile to be launched aiming to accurately and hit with repeatable consistency, as it does for the bullet of a gun. Previous research of the barrel on a gun explained that the length of the barrel can improve the projectiles accuracy in reaching a target, but a barrel that is too long can cause it to shake and off put the projectiles movement thereby reducing its precision to hit the target.
[image: ][image: ]



 (
Figure 
1
 
Jenkins, Olivia. Barrel Design 2, 2020. CAD pdf.
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Jenkins, Olivia. Barrel design, 2020. CAD pdf. 
)
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Jenkins, Olivia. 1910165_Barrel CAD drawing, 2020. CAD pdf.
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A length of 200mm was chosen, mainly in keeping with the IMechE competition regulations that the entire Line launcher device must be within 600x600x600(mm), leaving enough space for the mounting system and power generation and storage system, however also making it long enough to improve accuracy of the squash balls trajectory. PVC material was chosen as it can be easily acquired from the university at a cheep cost, by calculating the percentage needed from a bulk of ‘2440mm x 1220mm’ at £20.75, the needed amount of 210mm x 60mm will cost less than £2 (claddingmonkey.co.uk). 
Dimensions shown in figure 2 show the chosen diameter of the barrel as 50mm. A barrel works at its utmost efficiency when it is perfectly fitted to the diameter of the projectile. However not having the squash ball to hand we can only estimate that the ball is around 40mm in diameter. This extra 10mm on the diameter of the pvc barrel allows for any inaccuracies in the balls measurement. Also these laws that have been followed apply to the barrel of a gun where the projectile being shot through has gun powder force behind it. As by competition regulations this is not allowed it has to be taken into consideration that without that amount of force behind the squash ball, there would be higher amounts of friction between the ball and the pvc tube if it was perfectly 40mm, which could alter its speed and trajectory path. Therefore allowing for 10mm extra space is a safe dimension. 
There is also a 12mm diameter hole through the top side of the barrel where a pin may be put through. This is safety system designed to ensure there is not an accidental launch.
4.1 Line Management:
 (
Figure 
4
 
Amazon.co.uk, 2019. 
)[image: ]Options for the line management system were limited due to the cost budget of the task. Originally, using a fishing reel to coil up the line which is made from fishing wire was the most efficient idea to keep the 9.2m wire from tangling but also not restricting its movement nor the balls trajectory speed and angle when launched. Using a fishing reel, the wire could be coiled up and attached to the ball and when the ball is launched the fishing reel would allow the wire to be released with ease and without restraint or pull, therefore having little affect on the balls trajectory. This restraint or pull is the main issue in line management and although is solved by using a fishing reel the average cost is 14 pounds (Amazon.co.uk). Although this is within the budget, other aspects of the line launcher design must be accounted for. 
In thinking of more affordable ideas there was thought to strategically loop the wire around a wing nut or something similar screwed into the device behind the ball. However unless the pin/bolt is able to spin lightly and easily the wire could get caught and pull on the ball, stopping it from being launched. Also given the length of the wire, the wing nut would have to be large to stop it from looping over itself and inevitably tangling. 
In conclusion, although taking up almost half the budget, after deliberating with teammates about the other part that must be accounted for, the final design for line management is to use a fishing reel such as the one shown in figure 3.
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