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[bookmark: _Toc31665770]Introduction

The following report is comprised of each team member’s final design on their specific area of this design project of a line launcher. Along with the research they completed to come to this decision.

It must be known, that one of our team members dropping out of university has only recently been of the awareness of the remaining team members. Taking this into account, along with our team being one member short compared to other teams since the beginning of the project, the team met and delegated outstanding areas of the project to other remaining members. This means that members have now more areas of the project to consider, and therefore, still need more research and work to complete and come up with a total final design.  Therefore, for the purpose of this report, in order for each team member to illustrate their design for a specific part of the product, some assumptions need to be taken for design specifications of other integral parts. 


[bookmark: _Toc31665771]Power Generation & Storage System, Mounting System and Integration - (Andrew White 1803827)

[bookmark: _Toc31665772]Energy System 
After consideration with other team members we have decided that I shall take over the responsibilities for the power generation of the product due the recent departure of a team member. 
Ultimately, the decision has been taken that extension or torsion springs will be our energy system to generate the power to fire the line the required distance. 
Extension springs were chosen as our ideal energy source for the following reasons. They can be easily attached to two components of the product due to the ends of the springs having hooks or loops (see Figure 1). This means that they can easily be adjusted or replaced when using the line launcher. Extension springs are a good way to absorb and store the energy required to launch the line a certain distance. This is done because when the components that spring is attached to, are dragged apart, the spring attempts to bring them back to their original position. Therefore, tasking assumptions from other team members designs, the springs can be attached to a part of the launcher at the top end of the barrel, at one end, and at the other, they can be attached to a platform that, for this challenge, the squash ball can be positioned on. As the energy release of the springs has been activated, the springs will then contract back to their original positions, and in doing so, fire the squash ball out the barrel. (leespring, 2020)
[image: ]


Figure 1 – types of spring ends (leespring, 2020)










Springs are considered to be durable unless they are put under excessive force. Therefore, for our product, they will be a reliable source of energy and power generation. Springs are also a cheap source of power generation for our product and can easily fit within our spending limit to create the product.

Different springs are stronger than others. Larger diameter of the spring and the larger diameter of the spring wire increase the power and energy storage capability of the spring. Also, the more coils in the spring also increase the power released. Ideally, for this project the aim is to have a launcher that can fire the line a good distance. For this, you need a decent amount of power, therefore, the bigger the spring and the coils it has, the better for the product. However, for example, the size of the spring must be compromised to a point so that it fits to the other design specification of other parts and that it fits within the design envelope limit of the product. So, there is a maximum size of spring that we can use that will compromise the performance of the launcher.  Also, the budget of £30 for the production of our launcher limits the size of spring we use.



[bookmark: _Toc31665773]Barrel design
For the design of the barrel of the launcher, the more simplistic approach would be best. This is because it helps us keep with in the budget of the project and the ease of manufacture. The material that we decided to use for the barrel is wood. This gives a sturdy platform for us to fire the squash ball out of. 
[image: ]

 

Figure 2 – technical drawing of barrel design













As you can see from Figure 2, we have designed our barrel to have an internal diameter of 41mm or just below. The diameter of the squash is 40mm, so therefore, diameter is only slightly bigger than the ball. we have decided this so that we reduce the bouncing of the ball as its fired within the walls of the barrel as this would affect the performance of the launch. However, the diameter is not the same size as the ball as this would create friction and resistance as the ball is fired, also hindering the distance the ball is fired. We have compromised with to aspects to conclude with the best available outcome.

The aim is to produce a barrel of length around 200mm. This is for two reasons. Firstly, it is so that it will fit within the published maximum envelope of the product. Secondly, a long barrel improves the accuracy of the object that is fired out of it. However, we have compromised this aspect a little so that we reduce the amount of resistance that will act on the squash ball. Because, the longer the barrel, the longer the ball is subjected to resistance, therefore, affecting the distance it will travel. 

As you can see in Figure 2, the barrel has a slot through both sides, along the middle of the shaft and a hole near the base. This is to allow for other components designed by other team members to integrate within the design. The slot is there for the launch platform to be lowered down the shaft, and when the trigger is released, it springs back up to launch the ball.
The hole near the base is so the barrel can be attached to the integral frame of the design, so the barrel can be aimed before firing.
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[bookmark: _Toc31665776]Introduction
This report focusses on two parts of the design and manufacture of the line launching device. The two parts being focussed on are:
· Energy Release (Trigger) and Safety System
· Projectile Launch and Line Management
It is worth noting that the group was already down on members at the beginning of the design process and only recently another group member has left which has left the group heavily down on members, therefore parts of the designs/components are assumed to have been done and considered.
Parts of the launching device and dimensions/design characteristics within this report have significant chance to change before completion of the launch device as a result of having a smaller number of group members, so this is something that should be considered by anybody reading and using this report. 
Other parts of the launch device have been designed by other members of the group so parts within this report will not work without the other related parts from other group members to be able to completely manufacture the launching device.

[bookmark: _Toc31665777]Design Concept
After consideration of the research carried out upon the release on the launching device, It was decided that a more simplistic mechanism would work most effectively. Using a barrel that has a slot cut into it allowing for a thin rectangular piece to go through the barrel which would be connected via two springs to a top piece that would be stationary fixed to the barrel that acts as the point for the two springs to extend/contract from.  This enables the squash ball to sit on top of the rectangular piece and therefore be launched when the release mechanism is triggered, launching the ball down the barrel and toward the target zone as the springs would pull the rectangular piece up the barrel. 
[image: ]Sketch 1 below shows the initial sketch complete with annotation to show the idea and to illustrate how each component would work and be integrated into the launch device.

















The sketch shows the rectangular thin piece in a vertical orientation with a skinnier slot in the barrel, this has since been changed and is now in horizontal orientation with a wider slot in the barrel to allow for a trigger mechanism to be added. This alteration is shown in Sketch 2.
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It is assumed that the power management and storage system has been configured and designed by another member within the group to facilitate the triggers electronic mechanism to release the launch platform and therefore enable the squash ball to be launched.
This idea is the best to follow based on the conclusions that were made from the research that was undertaken on this section of the launcher. 

[bookmark: _Toc31665778]Materials and Processes 
For the launcher to be cost effective and fit within the £30 budget that is set whilst also performing to the highest possible standard it is important for materials and processes used to be carefully considered.
The two components designed within these sections of the launcher are the top collar that will be fixed to the barrel, and the launch platform which will be situated within the slot in the barrel. These components could be manufactured from metals, woods or plastics. For weight and cost reasons, plastic and wood are the best options at this stage of the design process.
The top collar that will fix to the barrel and hold one end of the springs will be 3D printed. Reasons for this are that 3D printing is faster than other production methods meaning it will be ready in time for the deadline, it is easily accessible with the facilities and equipment available, it is also cost effective which is the biggest thing to consider since there is a budget in place for the launcher. (Pearson, 2018) 
The plastic used for the 3d printed component will either be Polyvinyl Alcohol Plastic (PVA) or Acrylonitrile Butadiene Styrene (ABS) as they are two of the most used plastics for 3D printing (Polymer Solutions News Team, 2016). 
The launch platform (long thin rectangular piece) could be manufactured from wood as it is a simple piece that requires little work to manufacture. A cordless drill could be used to drill the holes needed and simple hand finishing processes would create the professional finish required.
Springs can be acquired easily and are easy to change and try different options depending on the launch characteristic required ie further/shorter launch. 


[bookmark: _Toc31665779]SOLIDWORKS Model/Technical Drawing
The following SOLIDWORKS views shows the top collar component and how it will look. As specified before this component will be 3D printed from either PVA or ABS plastic and is lightweight, easily achievable. 
[image: ][image: ]
Figures 1&2- Top collar component drawn in SOLIDWORKS 
Chamfered and fillet features on the component mean that it is ergonomically designed and the inner hole for the barrel to go through is only slightly bigger than the outer circumference of the barrel itself meaning it creates a snug fit to the barrel. Two pins, one on either end of the component are to house one end of the springs, which as shown in Sketch 1, the other ends will be attached to the launch platform (long skinny rectangular piece).
The following technical drawing of the top collar was also created using SOLIDWORKS software and dimensioned using the smart dimension tool. 
[image: ]









Figure 3- Technical drawing of the top collar component constructed within SOLIDWORKS.
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[bookmark: _Toc31665781]Lateral Aiming and Range Adjustment System - (Nathan Watson 1900683)

[bookmark: _Toc31665782]Introduction
This report will showcase the first mockup of my part of the group project designed line launcher. This will be the main chassis of the launcher as well as the control for aiming. 
Our group was undersized from the beginning of the project and since lost another member, therefore, other parts and sizes have had to be assumed to create this part. This means that dimensions will most likely change when the prototype is created, but the principle design will be based from this work. 
[bookmark: _Toc31655092]Work by other members of the group I had to reference from are the power source, projectile release mechanism and safety. Other factors such as line retrieval and energy storage have been discussed but not designed and integrated.

[bookmark: _Toc31665783]Design


[image: ]
The design is very simple and comprises of a 500x500x22mm base with a frame mounted centrally. There is a locating hole 50mm in from the rear edge. The frame is not dimensioned accurately as parts that have not been designed will affect this.
[bookmark: _Toc31655093][image: ]



[bookmark: _Toc31665784]Design Justification
With an uncertainty of how all the components are going to fit together it was important to make the design effective but simple enough to be modified for dimensions without losing functionality. 
Because of this, I have made the most of the 600x600x600mm dimension regulations and implemented a large base to allow easy additions of external parts. Without a design in place, we have opted to use a fishing reel for the line retrieval system. The large surface area of the base allows for this to be bolted down without adapting anything else. 
In order to comply with the regulations, the base also includes a 10mm hole for securing to the table via an m10 bolt and wingnut. This has also affected the base’s thickness because of the limited amount of thread available. 22mm is a common thickness of readily available and cheap mdf and therefore the chosen thickness.
The frame is designed so that a barrel can be placed between the two walls. The external diameter of the barrel with therefore determine the distance between the two structures.
This frame also acts as the aiming guide with the curved edge. When testing the device in prototype, angles will be marked along the curve, taken from the pivoting point at the rear bottom.
To pivot the barrel, an m10 bolt will be used to cross through both frames and the barrel. To secure the barrel, a clamping device will be used. Because of this, the walls of the frame are thick and have adequate surface area to provide a good clamp.



[bookmark: _Toc31655094][bookmark: _Toc31665785]Further Work
Allowing for line retrieval, the base has been designed to incorporate a fishing reel. This will be purchased at a cost of <£8 (eBay, 2020).
Modifications that are to be expected when the other parts are realized are:
· Increase in distance between frame walls to incorporate barrel diameter and firing mechanisms
· Marked values for angle of barrel
· Further support to the structure depending on weight of components. This can be done by incorporating struts and/or thickening the walls.
· Support for the fishing reel and followers for the line.
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