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[bookmark: _Toc26723344]1| Introduction

In the initial meeting, the project was divided into four areas of focus; one for each member. The division was as follows:
· Power Storage and Delivery---------Tom
· Safety and Trigger---------------------Vinicius
· Aiming----------------------------------Iriney
· Ease of Use and Coordination-------Nathan
Each member was to conduct initial research and gain an understanding of the key needs for their area of focus. At a later meeting, these key needs were all brought together  to create a basic quality function deployment matrix, seen below.
Table 1: Simple QFD for line launcher
[image: ]
[image: ]Table 2: QFD legend

As the design has not yet been created, the technical requirements were estimated based on background research into similar devices. The customer requirements were derived from the IMechE competition regulations (Engineers, 2019). Underneath the main matrix, weight was calculated to gauge the relative importance of the technical aspects. Since the customer requirements were derived from competition regulations and do not have ranking metrics, it was assumed each requirement shared equal importance, hence the calculated weight is unbiased. It should, however, function well enough to provide a rough idea of which areas should be given the most effort going into the design phase.

Nathan Myer

[bookmark: _Toc26723345]2 | Frame

The “Ease of Use and Coordination” area of focus was taken to refer to both the frame and the line management system. The frame, as the binding agent between the disparate functional components of the launcher, is integral in ensuring all systems mate and interact correctly. Initial research was conducted into line guns currently on the market as well as past competition projects. In all cases, the frame was fully integrated with the other components—nearly indistinguishable as a discrete part. The Kiwi Rescue line launcher’s frame is little more than molded plastic which seamlessly transitions into other components: the trigger mechanism in the rear and the line management system in front above the barrel (Kiwi Rescue, 2019). Middlesex University’s winning 2016 entry consists of a wooden standing frame which also acts as a graded aiming device to tilt the firing components (The Engineer, 2016). Most different is the Bridger line gun, which is a modified rifle chassis to which other components such as the line management system are attached; this is the closest to an entirely discreet frame out of all the researched products (Hawill’s, 2010).
To satisfy the customer requirements, the two most important tasks the frame must accomplish are firm mounting to the launch bolt described in the competition regulations (Engineers, 2019), and reduction of vibrations and movement caused by activation of the firing mechanism to ensure accuracy. For preliminary designs, initially two methods were considered, the first being a series of brackets or ‘subframes’ that would focus mainly on joining the other components together, relying on those components to supply the large part of structural integrity for the design as a whole. The second was a single larger frame piece to which all other components would be bolted. Upon reviewing the QFD in table 1, however, frame member thickness rather than number of subframes would seem to have a larger effect on the design. Going forward, more time will be spent finding optimal thickness for the frame members in the design.

Nathan Myer
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As previous competition designs provided little insight into line management, the research for this component was done entirely on professional line launchers. All professional line launchers researched used the same line management system: an empty cavity into which the line is stuffed rather than wound or folded, as illustrated in figure 1:
[image: ]
Figure 1: Loading instructions from ResQMax line launcher manual p.18 (Rescue Solutions International, 2013)

For our design, the line management system must complete two tasks. The most important is that it does not allow the line to tangle or snare, either with itself, with other components, or with personnel using the device. Secondary to that, the line management system must allow quick deployment of the line upon firing the device, with a minimum of resistance. This may be accomplished by either a spindle or an empty cavity similar to that seen in figure 1. The spindle will facilitate reloading, however the moment of inertia of the spinning mass will affect range and possibly accuracy. On the other hand, the empty cavity will require more care and time to reload, but will provide very little resistance once the device is fired. Given that both methods have opposing advantages and detriments, it is likely that deciding factors between them will only be discovered upon practical testing.

Nathan Myer

[bookmark: _Toc26723347]4 | Trigger and Safety

Designing a fast, safety, stable remote trigger is not easy and often entails a considerable amount of knowledge in electronic circuits.
We must design a device that will be fired remotely via low voltage electrical switch with a minimum cable length of 2 metres and we need to consider key points like overall safety, operator safety, predict any errors that may run during the experiment and make the experiment in the safest scenario thus preserving the safety of everyone involved in the experiment.

[bookmark: _Toc26456381][bookmark: _Toc26723348]4.1 | Trigger mechanism

There are a wide range of options and different variations that can be used to design the trigger and I will cover the two main modes that can be used remotely to activate the mechanism, these include electronic relays and electrical switches.
[bookmark: _Toc26456382][bookmark: _Toc26310165][bookmark: _Toc26723349]4.1.1 | Electronic Relays
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[bookmark: _Toc26456390]Figure 2 John Boxall - Opto-isolated Relay Modules, 2014.Vinicius Dreher

Relays are basically switches, switches that you control (turn on or off) by applying or removing a specific voltage to the relay device.
[image: ]
Figure 3 John M. Wargo - Normally Open Configuration, 2018.
Relays are not needed for most microcontroller-based projects as your microcontroller board will be able to power external devices directly from its I/O ports.  Where you need relays is when you want to open/close an external circuit, or where your circuit needs to control higher voltages than your system can provide.
There are two common types of relays:  mechanical relays and solid-state relays. Mechanical relay use an electromagnetic coil and physical, when you apply a voltage to the switch , the switch  activates.


Vinicius Dreher
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[image: ]
Figure 4 Ravi Kansagara - Different Types of Switches, 2017.

An electrical switch is any device used to interrupt the flow of electrons in a circuit. Switches are essentially binary devices; they are either completely off “open” or completely on “closed”.
Any switch designed to be operated by a person is generally called a hand switch, and they are manufactured in several varieties I will show the three main applications:
Vinicius Dreher
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[bookmark: _Toc26456393]Figure 5 Author – Hand switch types, 2019.
We will consider the best option for our project and choose one of the options above.
[bookmark: _Toc26456384][bookmark: _Toc26723351]
4.2 | SafetyVinicius Dreher


To minimize any catastrophic event, we have designed a safety protocol that should be followed by the operator on the day of the event focusing on preserving the safety of everyone involved in and around the experiment:
· Only one person can access the device.
· This person must be wearing safety glasses.
Experiment verification procedure:
· Check if the inner part of the gun is free to place the squash ball.
· Check if the gun is fixed on the table (fixed securely by use of the launch location pin).
· If there is someone between the device and target do not proceed with the experiment.
Safety features should be a priority and be followed as described above.

Vinicius Dreher
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[bookmark: _Toc26723353]5.1 | Crossbow
1. Elastic string (£3)
1. Prod/Limb (Metal)
1. Wooden part/ stock (Wood)
1. Barrel ?
A power delivery used by a crossbow would be the easiest and cheapest way of shooting the given projectile. The reliability and service life would depend on the materials invested such as a more durable string, that cannot rip or stretch over time. It would not be very creative to just repurpose a crossbow.

[bookmark: _Toc26723354]5.2 | Pneumatic
1. Filling valve 
1. Airtight air chamber
1. Pressure release valve (£10-20)
1. Barrel
Using a pneumatic power delivery would be a simple thing to do because of no moving parts. Service life would also be longer because air cannot deteriorate. The only issue with reliability could be a valve misfunctioning. What would make this design more difficult to achieve would be that it would have to be airtight as to have maximum power delivery and no power leakage in the form of escaping air. Depending on the amount of pressure we need this would also mean a bulky power storage which might not fit in the size confines of the standard regulations. This design could become expensive quite quickly as well depending on what valves and materials are used. Another factor is safety and protocol. The specification only allows a volume of less than1 L, with the pressure volume not exceeding 50 bar.

Tom Schultze

[bookmark: _Toc26723355]5.3 | Spring piston
https://www.pyramydair.com/blog/2008/12/how-a-spring-piston-airgun-works/
1. Air transfer port
1. Piston seal
1. Piston
1. Spring
1. Compression tube
1. Barrel
Spring pistons are used in air guns nowadays and are a reliable form of power delivery. This would be the quite an expensive way of delivering power due to the fact we would have to buy a lot of parts or invest a lot of time and manpower to machine and produce these parts. This design would also be quite complex due to the fact there are a lot of moving parts. Further if these parts are not assembled properly, they would have the biggest chance of failing and being less reliable. (Pelletier, 2008)
[bookmark: _Toc26723356]5.4 | Materials 
1. Valves
As an electric actuator is used, a solenoid valve could be used which is commonly found in sprinklers. It is used to depressurise a diaphragm.
This diaphragm valve can also be actuated with pneumatics if the barrel is within the air chamber.
Another choice could be the piston valve. It is the most commonly used valve because of its fast air flow rate and opening speed.

1. Polyvinyl chloride pipe (PVC) (£2-10 for 2 metres)
PVC pipes would be the cheapest and lightest material to use for the line launcher, but they are also the least safe because they tend to shatter under high pressure.

1. Acrylonitrile butadiene styrenes pipe (ABS) (£10 for 3 metres)
ABS pipes are also a polymer pipe like PVC but are more expensive and harder to find since it does not shatter but rather splits under too much pressure, which makes them safer than PVC.


Tom Schultze

1. Copper pipe (£10 for 2 metres)
Copper pipe would be the sturdiest and most heat resistant choice of material if combustion power delivery would be chosen but would be the heaviest and most expensive choice on this list. Steel could be another choice but is even heavier and more expensive than copper.

These materials could all be connected with a plastic glue, an epoxy of some kind if materials like PVC or ABS get used. If metal material like steel or copper get used, they could be welded or soldered together. If that’s not a possibility they can be screwed and bolted together using gaskets as well, to secure the contraption is airtight.

Tom Schultze

[bookmark: _Toc26723357]6 | Lateral Aiming and Range Adjustment System
[bookmark: _Toc26648699]
[bookmark: _Toc26723358]6.1 | System Concepts
First the line launcher must follow certain regulations given by Institution of Mechanical Engineers. The most significant rues for this topic are: “The device must fit within a maximum working envelope of 600 x 600 x 600mm at all times during competition, even during firing.”, “The device must sit above and cannot overhang the edge of the launch table at any point during a heat.”, “Devices shall be fixed securely by use of the launch location pin, washer and wing nut to the launch table. Any device or part of device that ‘breaks free’ during a competing heat or final will not receive any points for that attempt.” (Engineers, 2019) Overall if the line launcher follows these restrictions and it is safe enough the manufacturers have the opportunity to work on the project freely.                    
It is known that the aiming point will be moved in a range of 2 to 6 meters away from the launcher. Therefore, the direction setting adjustments, power and stability of the launcher device are the most important aspects for further research.
[bookmark: _Toc26648700][bookmark: _Toc26723359]6.2| Lateral adjustment increments
[bookmark: _Toc26648701][bookmark: _Toc26723360][image: https://cdn.images.fecom-media.com/B8L10327_150362-PHE-LEQ-P01.jpg?width=348]6.2.1 | Vertical AngleFigure 6:

For more precise aiming purposes, a firing angle must be taken into account. Using a projectile angle device, the trajectory of the ball can be easily predicted because the firing angle will be known.
https://www.philipharris.co.uk/product/physics/forces-and-energy/motion-and-acceleration/projectile-launcher/b8l10327


[bookmark: _Toc26648702][bookmark: _Toc26723361]6.2.2 | Horizontal Angle
[image: Преглед на изображението източник]It is written in the rules that the target can be moved 45 degrees out from the center line. The simplest way is to insert a protractor to the gun and precisely center it, depending of the firing procedure.                        However, a lot of uncertainties will take place using this idea. More options will be considered during the further work.Figure 7:


Iriney Georgiev
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[bookmark: _Toc26648703][bookmark: _Toc26723362]6.3 | Range adjustment increments
The most obvious feature, which will make the difference of firing ball range, is the power of the launcher. The easiest way is to have several power options and choose one of them depending of target range. In the regulations it is said that the maximum height which the ball can reach during the flying time is 3metres. (Engineers, 2019) This means the vertical angle and power must be in balance. The ball trajectory can be predicted using physics projectile formulas. (PHYSICS, 2019)
[bookmark: _Toc26648705]
[bookmark: _Toc26723363]6.4 | Predictive settings
The basic way is to use projectile motion formulas to calculate an approximate ball flying motion. Considering the values which are known such as vertical angle, target range, etc. the projectile line can be calculated. (Bitesize, 2019) However, this process usually requires a solid amount of time and during the competition time will be limited to three minutes. (Engineers, 2019)
The most significant part is predicting the ball motion line. The calculations will be the first procedure which the team must do. However, setting time for the launcher must be provided as well. Calculation time must be quick, easy and accurate. Producing a calculation pattern will make everything more simple.
[bookmark: _Toc26648706]
[bookmark: _Toc26723364]6.5 | Rigidity and stiffness
When the calculations are finished the setting procedure starts. When the launcher is ready to fire it must be in perfectly balanced condition. This means once it is set up it will not move at all. When the trigger is pressed and the firing mechanism starts acting the launcher will not change its position. Otherwise all the calculation will be affected and the final results will be inaccurate.
[bookmark: _GoBack]
Iriney Georgiev
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3. Pull the line from over your shoulder so that you can push it down into the Line Container
hand over hand, using short strokes (Fig. 17b).

Not:

DO NOT coilor
loop the line,
EVER!Ifyou coil
theline you may
build in tension
that will cause
snarls the next
time you use it
resulting in poor
performance
during
deployment.

Figure 17a -*Dead End on Right Side Figure 17b - Use Short Strokes to Pack Line.
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