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Written Research Report – Aiming and Range Adjustment 
M4X01160                       Iestyn Webber 1901363

· System Concepts 
Consideration was given to having combined systems for measuring range and lateral aim; however, research of concept systems indicated the measurements are too different to have one system for both, with only expensive electronic systems being complex enough.

Mortars- the range finding element of a mortar is too large of a scale for this project. They are aimed using a telescopic sight calibrated to aim at the desired range, a system which is too long-distance and too expensive (globalsecurity.org). 
Grenade launchers- similar systems to a grenade launcher’s would be most effective, being a mechanical sight attached to the device. The concept involves a ‘ladder sight’ aligning with a sight on the front of the device, so the device is calibrated to the range on the sight and fired in an arc. For this project, the sight would need to be side-mounted and have a platform for the barrel to rest upon (firearmshistory.com).
Field guns- a system concept involving a rotating base is the predominant method to aim a barrel for use in the way required. Field and antiaircraft guns from WW1 featured a stationary base and a large barrel, which rotated by turning a handle. A concept for a line launcher would involve notches for increments on a small rotating system.

· Lateral adjustment increments
To decide the lateral adjustment increments, the distance to the target should be considered. This is specified as 2-6 metres in the project brief. Trigonometric equations can then be used in order to discover a suitable range of adjustment and consequently split this into increments.
Since the target is 490 millimetres wide, and using the equation tanθ = O/A provides an increment of 35 millimetres for each degree of rotation, a suitable increment would be either one degree providing fourteen increments or two degrees giving seven increments within the range and at least one which lies within the centre zone of the target for each. 
 
· Range adjustment increments
To calculate the range increments, aspects including weight of squash ball and launch power would be required. This is since the ball will travel in an arc, like a mortar or a grenade fired from a launcher so a parabola will need to be calculated.
The increments on the sights will have to be calculated based upon the nature of the parabola, but the number of increments will be restricted by the sight’s size.
· Predictive settings
For predictive settings, the range will be unknown until the day of competition, however the range will be known so sights can be produced in anticipation using the calculated increments. In terms of prediction, settings can be designed for the different scoring zones within the target – 5, 3 and 1 points, for all ranges, using the rotating base. This is because while increments within the range are possible, not all will allow for a successful score.
This method also allows a correction of inaccuracies in the firing, so prediction in terms of preparedness is included.
· Rigidity and stiffness
The system for range in this project must be very rigid, as any flex in the sights will result in an inaccurate launch and a miss of the target. The sights themselves will not need to be adjusted, but the barrel in relation to them, and the element holding the barrel in place must be stiff.
The rotating base must be sufficiently stiff to remain once in place at the desired setting, while also able to be moved allowing for adjustments in aim. 
References:
https://www.globalsecurity.org/military/library/policy/army/fm/7-90/Ch6.htm - accessed on 08/12/19
http://firearmshistory.blogspot.com/2010/11/sights-iron-sights-adjustable-sights.html - accessed on 08/12/19
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Projectile launch and line management 
Barrel geometry
Muzzle features:
Looking at similar systems as well as mortars that have a similar firing method to the line launcher. The barrel or tube of the line launcher does not need rifling (GICHD, 2018). Rifling is used for direct accuracy and range, but technically the line launcher is an indirect firing system so the rifling system will not significantly affect the accuracy.
The squash ball that will be fired is a single yellow dot squash ball, this has a diameter of 40mm (salena, 2018), this means that the cylinder will need to be 41 mm in diameter as this leaves a gap of 0.5 mm between the squash ball barrel wall. 
Material selection:
The best material that would be used for the tube would be carbon fibre, as it is extremely light, and with having a high tensile strength it can easily deal with forces applied during the firing of the line launcher, the tensile strength of carbon fibre is 3.5Gpa (plates, 2019). However, the cost of carbon fibre makes it not possible due to the £30 budget for the whole project.
The best material to use for tube is PVC, this stands for polyvinyl chloride (Korey, 2017). This will be strong enough to take the force from the compressed air that is powering the squash ball. Also, due to its common use as piping, it can be bought for cheap prices already formed into the correct cylindrical shape. 
Life-in-service requirements:
As the line launcher only has to carry out a few official runs, it only needs too last a short period of time. The desired time for it too last is 20 minutes, this gives plenty of time for multiple for multiple uses of the firing line.
Line management 
Entanglement avoidance:
The line being used is Line SeaKnight Monster Blade Monofilament #8.0/35LB/0.5mm. when looking at the line, I’ve looked at harpoon launchers for the inspiration, the harpoon line is simply stored below wound up however they will not work for the fishing wire as it will be constantly trying to unreel itself. Too store the line, it will be externally mounted on a fishing reel, this will then be attached to the side of the barrel. 
Having the wire mounted on the fishing reel will allow it to be stored in such a way that on release it won’t create nots in the wire.
The other issue with managing the entanglement is that there was little too not research out there on the topic, this is usually because that the lines used by harpoons and other line launcher designs is that they use a much heavier duty line and in some cases rope, this means that the rope will not get tangled and can simply lay coiled on the floor.
Reducing line drag:
The main two sections of drag will be from the movement of the line through the air and the friction from the line coming of the reel. The air resistance from the air drag can’t really be changed as the line cannot be modified.  The reel friction is a sacrifice that needs to be made to stop the line getting tangled on firing the launcher. 
Reloading the squash ball and line:
Too reload the launcher, the line can be reeled in on the fishing reel, this means that the line will be stored correctly and then won’t get tangled on the second firing. Enough slack will be left in the line too allow the ball too to be placed back into the barrel, this reloading will be done before the launcher is primed again.
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Engineering Design: Coursework 2
Power Generation and Storage
                                                   Aiden Scriven 1803502
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Type and Configuration

For this application, an air powered system will be used. This decision was made due to the superior accuracy and shot pattern compared to the spring powered system.  A Spring powered system is a good option when looking at range alone for the launcher due to the reliability and high-power capabilities. However, when looking into the spring powered air guns, it is often mentioned that when launching a projectile using a spring mechanism, there is a lot of recoil involved. This recoil negatively impacts accuracy. Another problem that may occur is the fatigue of the spring after repeated firing. This would mean that there is inconsistency between shots after testing sessions. (Pellpax, 2016)
Air powered systems also have their downfalls. The use of air to propel the ball tends to be more expensive to set up, although the cost of replacing springs is no longer a factor in long term operation. However, unlike the spring powered system, an air system produces a fraction of the recoil when fired. This means that the air system is more accurate for consecutive shots. (Pellpax, 2016) Another advantage of the air system is faster reloading; using an air powered system eliminates the time to compress the spring to a set point before firing, using a closed air system means that shots can be fired consistently and quickly as only the line must be retracted. Hence making air the chosen method of propulsion for the device.

Weight and Size

To keep the device to a manageable size and to ensure that it fits within the specified area, the power storage system will be kept to a minimum size to allow as much room for the remainder of the device as possible.
Cost and Availability

To keep the cost of the system to a minimum, an existing component utilising a piston and valves will be used. This component will be a bicycle pump such as the one detailed here: https://bit.ly/38bwqQr. The pump will be modified in order to prevent air from passing the valve in either direction, allowing compressed air to project the piston and launch the squash ball. The air will be stored inside a vessel which will deliver the air to the piston via a tube with a pneumatic valve in line.

Service Life

Due to using compressed air in order to propel the squash ball, the service life for the entire system increases greatly compared to that of a spring powered system. The use of air prevents the possibility of fatigue and power loss over time from reusing the spring, therefore increasing number of possible repeated firing cycles before components must be replaced.
Reliability

The reliability of a closed air system greatly outweighs that of a spring. Therefore, provided there are no leaks in the system, the entire storage and firing mechanisms will continue to function as long as the required pressure is present in the lines.

Design Specification 

	Performance Requirement
	Design Requirement
	Design Specification

	Must be easy to operate and reload
	Keep weight to a minimum and make reload process as simple as possible
	Use readily available systems to ensure smooth operation and reload

	Must be small enough to fit inside the space requirement
	Keep compact design in mind at all times. Use space wisely
	Carefully choose components and orientation to keep size to a minimum

	Must have a consistent firing pattern
	Must be able to continually fire in close proximity after initially being set up for the distance
	Use a power delivery method which does not suffer from fatigue after repeated shots 




References
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Projectile launcher project
Energy Release (Trigger) and Safety System.
Trigger Release
        Mechanism Options
The team has decided to move forward with a launcher using air pressure to fire a piston, in the guise of a hand powered bicycle pump. This system can be set up with a pressurised air supply, such as a tyre, with the only modification being that the one way valve in the pump is removed. Due to the choice the team has made for this launcher, a simple inline electronically operated air valve will be used in line between the pressurised air container and the launcher such as those sold by RS Components. (Series, 2019) . This valve will be fitted inline with original hose supplied with the pump so that it does not incur any additional cost, and is already of the correct specification for the pressures that the pump is designed for.      
 Life in Service
       Reliability
These mass produced pneumatic valves are sold to customers globally who use these valves in engineering and mechanical installations, reliability is high, and warranties are given. The valves are designed to be used many times for the exact purpose of moving pressurised air through it’s body after being electronically controlled by its integrated electronic circuitry.
        Electro Mechanical Interface
The valves found at RS Components amongst others are made as a one piece item, with integrated electronics. These will be attached via a length of wire to an aircraft style double stage switch described in the safety section of this document.
        Forces/Loads and effects of vibrations
With the valve being pneumatic, and not subject to constant vibration there is no perceived issue with vibrations or loads, it will not be subject to anything beyond its intended use. The biggest issue here will be pressure control of the air passing through the system. After the calculations have been done to ascertain the force required to fire a squash ball the required distance, the correct specification of valve can be found.
        Material Selections for mechanism elements
The valve is constructed from plastic with circuitry inside, and metal hose nipples to attach the air lines. Due to the range of valves available off the shelf it will be possible to find a valve which is already tested to the pressure required for this test. The test will be done in the dry, inside, for only a matter of minutes, therefore the only real issue is the pressure in the system.

Safety System (to avoid miss fire)
         Methods
The method to be used will be an aircraft style double stage switch with a covered toggle switch to arm the system such as those sold by Demon tweeks (Demon Tweeks, 2019). The arming switch must first be armed, after the arming cover is physically moved aside, only then can the switch be pressed to fire the system.
         Reliability
These mass produced switches are reliable for many uses without failure due to the lack of moving parts and simplicity of the design. The switch will be chosen to reliably deal with the electrical voltages supplied in the test.
Design Specification
  
	Performance Requirement
	Design Requirement
	Design Specification

	Must be easy to operate 
	Keep the operation simple
	Use readily available systems to ensure ease of use

	Must be small enough to fit inside the space requirement
	Keep compact design in mind at all times. Use space wisely
	Carefully choose components and orientation to keep size to a minimum

	Miss firing must be avoidable
	Have separate switches for arming and firing the system
	Use readily available safety systems to increase ease of installation
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