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[bookmark: _Toc31590468]1| Introduction

The prototype design was made according to the sectioned roles decided on during the design specification phase: energy storage and delivery, aiming, trigger and safety, and ease of use. Each member undertook their own designs of the components under their area of focus with periodic consultations with other members to ensure component compatibility. This report will outline the designs and design processes undertaken in each area of focus.

[bookmark: _Toc31590469]2 | Energy Storage and Delivery

Group meetings where our discussions about our line launcher design took place every other Wednesday.
After having conversed and discussed with other members of the group project during those meetings, a decision had been made to go with a design similar to a crossbow.
The crossbow design is the cheapest and most realistically achievable design as other designs including combustion are not viable due to regulations and pressurised systems being very difficult to seal.
The power delivery was decided to be rubber bands connected to a plunger, which would propel a squash ball out of a tube. The tube was decided on to achieve higher accuracy and stability while aiming, whereas the rubber bands were decided on to keep costs of production low. Using rubber bands would be also one of the less dangerous options, that had been discussed, instead of using a pressurised system, which was a close second choice.
A downside to this could be that the rubber bands could lose elasticity or become brittle and break in colder temperatures, which would not be ideal, but they are very easy to source and very cheap to attain.
Using hooks to connect the plunger to the barrel, it is as well really easy to replace and exchange the rubber bands. If one rubber band on each side of the decided design is not enough to shoot over six metres more rubber bands can be added to increase the shooting force and reach of the line launcher.
The barrel is to be made from polyvinyl chloride pipe (PVC). It is cheap at about £5 a metre of which we currently would use only 20 cm, which results in a price of £1 for the barrel. End caps cost about another ~£5. In this cap we would drill a hole for the plunger to fit through. During testing of the prototype, it will be  decided if gluing the endcap to or screwing it on the barrel with a thread would be better.
The plunger could be made from a variety of materials such as a wooden puck or even a bottle cap with a straw glued to it. The cup hooks can then be screwed in to the plunger at the sides. The cost of the cup hooks is negligible at around £0.05 each. Tom Schultze

Another method that could be a possibility is to 3D print a whole plunger as one piece, with no further assembly required other than to screw in the cup hooks.
The barrel in the current CAD design flares out. This is due to having thought to screw cup hooks into the barrel and the thread being inside of the barrel. This would hinder the squash ball leaving the barrel. On a second thought though the barrel does not need to flare if a different option than cup hooks are used. 
Some kind of plastic nubs holding the rubber bands could be glued directly unto the barrel. A viable option for this could be buttons from a trouser for example.
This would mean that the barrel would not need to flare out anymore and would simplify the design even more while reducing cost too, because of not needing another part.

[bookmark: _Toc31590470]2.1 | Assembly
The barrel can be cut from a PVC pipe at a length of 20 cm. A vertical slit through about halfway through the barrel will be sawn. In the bought endcap a hole will be drilled. The plunger can either be made really cheap with a bottle cap and a straw, which would be glued together or the whole plunger could be 3D printed to spec. The cup hooks can then just be spun into the flat pushing part of the plunger. The plunger then can be slid into the barrel with the cup hooks slotted in the slits. 
Then the endcap could either be glued to the pipe with PVC glue or threaded unto the butt end of the barrel. The plastic nubs would be glued to the front end of the barrel. If the nubs do not hold the tensile strength of the rubber bands, the barrel would be needed to flare to screw another pair of cup hooks into the front. At last the rubber bands would be strung from the nubs or cup hooks at the front of the barrel to the cup hooks on the plunger.

[bookmark: _Toc31590471]2.2 | Cost
The barrel itself would cost £1. 4 Cup hooks are about 20p. Differently sized trouser buttons could be used to hold the rubber band in place. They would cost around £1 for six, of which only four would be used, adding up to a cost of 65p. For the plunger the material cost, where it to be 3D printed is the filament cost which is really cheap. Were it to be made from a bottle cap and a straw a cost of about £2 could be calculated. The bottom half of the bought bottle can further be used for the line management. Rubber bands of which we would only need two, would come in at a cost of 2p for both. 
This totals to a cost of £3.87 for the power delivery by rubber bands and the barrel.

Tom Schultze

[bookmark: _Toc31590472]3 | Lateral Aiming

As a final decision the line launcher will have a horizontal and vertical aiming adjustments. All adjustment apparatus must be as accurate as possible because even a degree difference can affect the final result. Therefore, to make the manufacturing process easier and more efficient two standard protractors will be used. One for the horizontal and the other one for the vertical aiming.
Rigidity must be taken into account as well. The overall length of the launcher is around 200mm long. For that reason, it will be fixed at both ends. In order to achieve that M10 bolts and wing nuts will be located at both sides of the launcher, four points which will be fixed to a specific aiming stand. 
[image: ]The overall aiming product will be manufactured mainly from wood. Medium density fiberboard (MDF) will be used because of its specifications. This material originally has a perfectly flat surface hence the aiming can be more accurate. MDF can be easily manufactured and at the same time it will protect the budget.Figure 1: MDF sheet; (B&Q, 2020)


Iriney Georgiev

[bookmark: _Toc31545611][bookmark: _Toc31590473]3.1 | Predictions:
For this project the prediction and calculations must be quick but precise at the same time. The easiest way of achieving this goal is to produce an excel calculator which will automatically provide the users with the required information.
The rules of the game give as a limits for certain values. For example, it is known that the horizontal distance will be between 2-6m. (ENGINEERS, 2020) However, there is a lot of missing data which must be worked out, in section 3.2.

[bookmark: _Toc31545612][bookmark: _Toc31590474]3.2 | Calculations:
The most important value is the horizontal angle of projection at which the ball will be launched. Time is not a required feature hence it will be ignored. 
S (horizontal distance) =the given range is between 2 to 6 m
h (vertical distance) = (table height + launcher height) - target height 
u (initial velocity) =? m/s
v (final velocity) = 0 m/s
ϴ (angle of projection) =? degrees
Equation for the horizontal projectile motion:    However the value of t is unknown therefore by rearranging the formula: 
Unfortunately, V is horizontal velocity which is not given. It can be found by using a simple trigonometric functions where:  and 

The angle ϴ is a missing value as well hence the next step is to find equation for the vertical projectile motion:  as it can be written as
When a vertical motion is calculated a few things must be considered. Acceleration a will be equal to the constant of gravity g. In this case the ball acts in opposite direction to the gravity hence a negative sign will be used. The height is a negative value as well because the launcher is above the ground level.  
A substitution can be made by using the equation from the horizontal motion.(AQA, 2015)Iriney Georgiev



[image: Преглед на изображението източник]This is a simple quadratic equation with two roots. If one of the roots is negative automatically it will be ignored. This equation will work every time when the users want to set a launching angle depending of what horizontal distance is provided. However, the initial speed u is a missing value but it can be found during the testing processes. The line launcher is supposed to have different force outputs. During the testing procedures several initial velocities can be found as constants. A high speed video camera can be used for this purpose. When the launcher is ready for a competition the users will have a few options playing with the angle and initial velocity. Figure 2: High-speed video camera (LTD., 2019)


Iriney Georgiev

[bookmark: _Toc31545613][bookmark: _Toc31590475][image: ]3.3 | Final design:Rear stand holders
Front stand holders

[image: ]M10 bolt slot for a fixing purpose
Figure 3: Main plate for fixing the launcher to the table; (GEORGIEV)



[image: ]In the rules is shown that the table can be moved hence the vertical angle will be changed as well. For sorting this problem out an aiming stand with two plates will be manufactured. Figure 4: Second plate for vertical and horizontal set up; (GEORGIEV)

[image: ]The first part is fixed to the table with M10 bolt, figure 2. A stopper for the front of the table is made hence the base plate will be always perpendicular to the table, figure 5. A mechanism for a ration purposes will be machined with a woodruff cutter, figure 4. A specific component will be fixed to the second plate and it will be located at that rotating hole, figure 6 and 7. Locating a protractor at the end and moving the second one against it a clear set up can be achieved by tightening the rotating mechanism. Figure 4: Woodruff cutter example; (amazon, 2020)

[image: ]Table stopper
Stud


                                         Figure 6: Final result after using a woodruff cutter; (GEORGIEV)
Figure 5: Side view from the first component; (GEORGIEV)

[image: ]
Protractor pointer
Stud hole

On the top of the second plate four stands will be screwed. The first two stands are the most important because they do not allow the launching end to change its distance from the target. They are responsible setting the projectile angle as a protractor will be located as well. Using a simple arrow pointing the protractor an accurate result can be accomplished, figure 7. The next two stands are located at the back of the launcher. Their job is mainly to keep the line launcher safe and stable.Iriney Georgiev
Figure 7: A top view of the second plate showing how both plates will be assembled together; (GEORGIEV)



Iriney Georgiev

[bookmark: _Toc31590476]4 | Trigger and Safety

For this phase of the project, it is necessary to present the type of mechanism that will fire the projectile.
Based on a series of rules imposed By ImechE such as:

· The total cost of the device (including VAT at 20%) is to be under £30 (Institute of mechanical engineers (IMechE), 2019)

· Only one person to attend to the device during a launch sequence. (Institute of mechanical engineers (IMechE), 2019)

· Lithium batteries are not permitted due to the risk of fire and explosion, but other types of safe rechargeable batteries may be used. (Institute of mechanical engineers (IMechE), 2019)

· No explosive charges or combustion can be used. (Institute of mechanical engineers (IMechE), 2019)

· Devices must be fired remotely via a low voltage electrical switch with a
minimum cable length of 2 m. (Institute of mechanical engineers (IMechE), 2019)

[bookmark: _Hlk31311582]The group decided to adopt a low voltage actuator that would allow a person to operate the mechanism at a safe distance in view of the safety of all participants involved in the competition.

[bookmark: _Toc31590477][bookmark: _Toc31433319]
4.1 | Trigger mechanismVinicius Dreher


As the objective of an economically viable solution for the project, a simple inexpensive mechanism was adopted for release of the projectile. A car door lock was chosen for its simplicity of operation and most of all for its price.
[image: ]
Figure 4 (Rightclick2003, 2020)
As Figure 1 (Rightclick2003, 2020) clearly demonstrates, the mechanism has two wires to which the remote control device will be attached thus enabling the car lock to function in a linear position, consequently firing the projectile in a safe and effective method.

The activation of mechanism, will be done remotely trough low voltage electrical switch as figures 2 (Rightclick2003, 2020) shows.(Merely illustrative image)
Vinicius Dreher

[image: ]
Figure 5 (MC's Creations, 2017)

Vinicius Dreher

[bookmark: _Toc31433320][bookmark: _Toc31590478]4.2 | List of materials

Below are listed all the products necessary for the assembly of the device. Emphasizing the low budget and considering the rules stipulated by the organization of the event, all the materials were pre-selected to suit the ImechE report (‘Project Specification Project 3: Line Launcher’)


Table 1 List of materials including prices and descriptions
	PHOTO
	DESCRIPTION
	PRICE


Vinicius Dreher

	

Figure 6 (Amazon, n.d.)
 
	
Plastic Microwave Food Storage Containers
	
£0.99

	[image: ]
Figure 7 (Ebay, n.d.)

	
Central Locking Door
	
£3.95

	

Figure 8 (CPC, n.d.)

	
NiMH Rechargeable AA Battery
	
£1.89

	

Figure 9 (Ebay, n.d.)

	
Battery Holder
	
£0.99

	

Figure 10 (Ebay, n.d.)

	
Battery Charger Module 4/3AF NiMh
	
£0.99

	

Figure 11 (Chinadaier, n.d.)

	
Toggle Switch (KNH-1)
	
£0.40

	

Figure 12 (Ebay, n.d.)
Vinicius Dreher

	
Steel Push Button
	
£1.89

	

Figure 13 (Ebay, n.d.)

	
Audio Cable Socket
	
£2.99

	

Figure 14 (Ebay, n.d.)

	
Wire cable 7/0.2mm 10 metres
	
£1.92



The total cost of the materials listed above is £16.01. All sources of these materials are listed in Appendix.





Vinicius Dreher

[image: ]
Figure 15 (The Vape Generation, 2018)
The electrical diagram presented above will be the base of the electrical scheme adopted by the group. As a rule stipulated by the organization, the battery can not be lithium.


[bookmark: _Toc31433322][bookmark: _Toc31590479]4.3 | Safety

When the elements of prevention and inspection fail, there is a possibility of an accident. To the extend that it makes it possible to eliminate all the risks associated with shoots, however it is essential that there is a consistent emergency plan and trained people capable of put into practice or a system of communication and operationalization of preventive resources as mentioned previously in the last technical report.
In linguistic and practical terms there does not seem to be much difference between the concepts of risk and danger, as can be seen in the below definition:

· Risk: the possibility of something bad happening (Cambridge Dictionary, 2020)
Vinicius Dreher

· Danger: Danger of the possibility of damage or death to someone. (Cambridge Dictionary, 2020)

In the meantime, the need to identify risks and dangers when a projectile is launched, it is necessary to consider the definitions previously defined with their respective precautions. There are three key elements for a safe shoot:

1) Risk plan, identification and assessment
2) Implementation of preventive controls
3) Emergency plan 
It is not possible to guarantee preventive resources if there is no systematic risk identification and assessment process. The expectation is what are the resources for anticipating risks, take control measures and use project triggers practices.
Not for all events related to dangerous products, it will be necessary to a trigger a contingency plan. An emergency team must be prepared to attend from small events occurred on the site, to large proportions.


Vinicius Dreher

[bookmark: _Toc31590480]5 | Line Management

The position of ‘ease of use’ as set out at the beginning of the project initially encompassed both frame and line management components. As such, a basic mount was designed to act as interface between the tabletop mounting bolt and the aiming components of the device. In essence, a strip of flat metal would be bent at two ninety degree angles into something resembling a C-shape, with the bottom section drilled through to mount on the tabletop bolt, and the top section free to attach by whatever means to the rest of the launcher apparatus. This design would allow for lateral aiming by rotating about the tabletop bolt, but without the marked degree graduations discussed in section 3.
As a function of its simplicity, the C-shape design would suffer from increased instability with increased height, as the back vertical section of the C might begin acting more as a flat spring than a structural member at extreme lengths. Several options to remedy this instability were discussed, however it soon became clear that the aiming apparatus was so integrated with the frame that designing them as separate components would be an ineffective use of time and resources. As such, the C-shape frame and any respective improvements were scrapped, and the ‘ease of use’ role in the design process came to focus exclusively on line management.

[bookmark: _Toc31590481]5.1 | Design principles

Since the competition regulations specify a limited amount of time to reload the launcher between shots, fast and easy loading of the line manager is of paramount importance. To satisfy accuracy and consistency demands of the device, it is also core to the line manager’s performance that it not snag or restrict the line in any way during deployment. To fulfil these demands, a bucket-shaped line manager design was chosen, with importance being placed on a wide-mouthed cavity opening as per the basic QFD done as part of the design specifications.
Since competition regulations call for “a quick and simple method of attaching and detaching the line, which should not require the use of tools” (Engineers, 2020), line attachment became an issue. Research into professional line launchers seemed to indicate that lines were tied off at the base of the bucket or in some cases to parts of the environment, neither of which would work in this design case. In the first, the scale of this design would cause undue obstruction to anyone trying to attach the line inside the line manager cavity. The second example is simply not allowed by competition regulations.
Eventually, it was decided that in order to solve the line attachment problem, a hole would be made in the back of the cavity through which the line could be fed and then wrapped around a hook on the outside of the bucket.Nathan Myer


[bookmark: _Toc31590482]5.2 | Bucket Design

To save on cost, the line manager might be created from a water bottle of appropriate size, as water bottles in the 500ml range can typically be bought for £1 or less. In this specific case, designers were able to purchase a bottle for £0.65 at a Tesco shop. The bottle can then be emptied cut in half to create the basic bucket shape, with further modifications allowing for mounting and line attachment.
A concept design for the line manager system, shown below, was then created using dimensions of the purchased water bottle as a reference.
[image: ]
Figure 16: Line Manager System
Using approximately the lower 6 centimeters of the bottle, the entire line manager bucket can be made primarily with subtractive methods: first a hole cut in the bottom of the bucket to pass the line though, then two additional holes with slots to mount to the underside of the launcher barrel. The hook may be either an external piece glued or otherwise attached to the outside of the bucket, or even more simply a V-shaped notch cut into the side of the bucket around which the line can be looped. Subtractive manufacturing will help keep the process simple and inexpensive, as well as result in a relatively lightweight component.Nathan Myer

As for mounting the line manager to the rest of the apparatus, the two holes with slots correspond to two screws or pegs which can be mounted on a rack, shown in figure 17, or directly to the barrel itself. Depending on constraints of the other components, particularly the aiming/frame parts, the bucket may be mounted either above or below the launcher barrel. Depending on manufacturing and cost restraints, the line manager may even be taped or glued to the barrel, though doing so might hamper the ease with which the bucket can be accessed for loading.
[image: ]
Figure 17: Line Manager Mounting Rail
[bookmark: _GoBack][image: ]While inexpensive and easy to produce, this bucket design suffers from the fact that it relies on premade components, e.g. water bottles, to provide the basic geometry. Depending on the diameter of the barrel and the width between the vertical arms of the aiming apparatus, it is possible that no water bottle of appropriate diameter may be found. In such a case, the bucket may then be made from the same diameter pipe as the barrel, using an end-cap piece to close off one end as shown in figure 18. While this method has the advantage of using the same raw components as used to construct the launcher barrel, it does still entail greater effort and time consumption, and possibly increased cost.Nathan Myer
Figure 18: Alternate Bucket Construction


Nathan Myer
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Appendix
Source of materials

Table 2 website’s components

Plastic Microwave Food Storage Containers
https://www.ebay.co.uk/i/254142618275?rt=nc&_trkparms=aid%3D1110001%26algo%3DSPLICE.SIM%26ao%3D2%26asc%3D20160908110712%26meid%3De2bc3fe4bbf94b9fa4efd6c6fd0c0edc%26pid%3D100677%26rk%3D11%26rkt%3D30%26mehot%3Dnone%26sd%3D172328966411%26itm%3D254142618275%26pmt%3D1%26noa%3D1%26pg%3D2386202&var=553490354768

Central Locking Door
http://vi.raptor.ebaydesc.com/ws/eBayISAPI.dll?ViewItemDescV4&item=160831221219&category=75329&pm=1&ds=0&t=1519318159000&ver=0

Battery Holder 
https://www.ebay.co.uk/i/222429896066?chn=ps&var=521296781549&norover=1&mkevt=1&mkrid=710-134428-41853-0&mkcid=2&itemid=521296781549_222429896066&targetid=855313181933&device=c&mktype=pla&googleloc=9045398&campaignid=6619151996&mkgroupid=88031187549&rlsatarget=pla-855313181933&abcId=1140496&merchantid=114962777&gclid=EAIaIQobChMIx8Xg_7Ws5wIVWJnVCh397gRTEAQYAiABEgISz_D_BwE

NiMH Rechargeable AA Battery 
https://cpc.farnell.com/ansmann/5035371/battery-aa-2100mah-ind-flat-top/dp/BT04683?mckv=sXL3yKkm6_dc|pcrid|224680288544|kword||match||plid||slid||product|BT04683|pgrid|48556615353|ptaid|pla-436764189069|&CMP=KNC-GUK-CPC-SHOPPING&gclid=EAIaIQobChMIxbXL57Ss5wIVibbtCh1MFQPTEAQYAyABEgI0mvD_BwE

Toggle Switch (KNH-1)
https://chinadaier.en.made-in-china.com/product/JBLnVbkWCoce/China-12V-2way-on-off-DIN-Rail-Toggle-Switch-KNH-1-.html

Steel Push Button 
https://www.ebay.co.uk/i/164010933017?chn=ps&norover=1&mkevt=1&mkrid=710-134428-41853-0&mkcid=2&itemid=164010933017&targetid=1048794879312&device=c&mktype=pla&googleloc=9045398&poi=&campaignid=7412990545&mkgroupid=87615128799&rlsatarget=pla-1048794879312&abcId=1139356&merchantid=9856414&gclid=EAIaIQobChMI_JuTp7qs5wIVWeDtCh1WyAw4EAQYAyABEgJ_tvD_BwE

Audio Cable Socket 
https://www.ebay.co.uk/i/362593027933?chn=ps&var=631743027324&norover=1&mkevt=1&mkrid=710-134428-41853-0&mkcid=2&itemid=631743027597_362593027933&targetid=856645728688&device=c&mktype=pla&googleloc=9045398&campaignid=6744139833&mkgroupid=93764742652&rlsatarget=pla-856645728688&abcId=1139126&merchantid=9564044&gclid=EAIaIQobChMIq_rco7us5wIVxPhRCh18ewOxEAQYAiABEgJie_D_BwE

Wire cable 7/0.2mm 10 metres 
https://www.ebay.co.uk/itm/Equipment-wire-cable-7-0-2mm-16-0-2mm-24-0-2mm-strand-6-colours-10-metres-1kV/262884646840?_trkparms=aid%3D555018%26algo%3DPL.SIM%26ao%3D1%26asc%3D20131003132420%26meid%3D10356daa85804f03b83ce81cdd7c37d0%26pid%3D100005%26rk%3D5%26rkt%3D12%26mehot%3Dpf%26sd%3D173965405290%26itm%3D262884646840%26pmt%3D1%26noa%3D0%26pg%3D2047675&_trksid=p2047675.c100005.m18
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