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In this report I will cover the necessary requirements of the IMechE line launcher project, including what has been done up to date, how we plan to proceed with the building of our line launcher and also what materials are being used. I also explain how we plan to apply these aspects to the design, and our thought processes to make us arrive at the initial design we have so far. Also looking at what jobs that need to be completed next to the further development of the line launcher. Including technical drawings, CAD models, pictures of the progress so far on the build and other parts we are using to test and build the line launcher. 
So far, the materials that have been chosen to build the line launcher with has been a decision made between myself and Brian after we had a meeting to talk over the specifications, rules and regulations and how to approach the task ahead. After some brain storming over different propulsion systems, how to adjust the angle and the range of the launcher, what we would use to retrieve the squash ball and how the safety trigger would apply to the line launcher.
After some deliberation a decision to use an MDF wood as our revolving base was made - this being a sturdy material, it is heavy to keep the launcher stable and it’s easy to alter as the design develops. We have used a system with a M10 cotching bolt, washers and nuts to create a revolving base. Brian will now further the range and the angling adjustment for the launcher.
There are many different types of propulsion system and different ways to apply it to our line launcher, from our first discussions we looked at using a crossbow format fixed to the base but came to realise that the bow itself would cause an obstruction for the ball to pass with the line attached. Moving forward with the design, thinking of an alternative to the crossbow, the first choice is a ‘slingshot’ type making use of a small elasticated projectile weapon; it is simple and very effective if done right and can be set up to propel the squash ball and line. 
Now we have decided on a slingshot system as I have been tasked with mounting systems and integration to the line launcher, I will look to design a fixed slingshot cradle to mount on to the revolving top. After doing research in to different styles, shape’s and designs of a standard slingshot the best elastic set up would come from a fishing bate slingshot as it has an almost perfect place for the squash ball to be cupped within the middle of the elastic. As a slingshot releases the projectile, its after effect can be very unpredictable as the energy remaining in the elastic could make the cup for the squash ball flail about and pull upon the line connected.
Following on from the cad models that have been produced for the range and angle adjustment that the launcher will be fired at, we decided a very effective way of getting a true angle, which can also be altered by using tolerance shims, this is to set the angle required using the sine bar tool as a guide for the correct  measurement and alignment as desired 
We plan to use the elastic from the slingshot to attach to the bottom of a slider which will move along a rail with a dead stop at the end of it to propel the squash ball, this was decided by us as it will create a more predictable launching system. The design should reduce the unpredictability of the elastics free range to move about as if it was used in the typical way of firing, giving consistency.
Before we continue with the build of the project, I feel it is necessary to do some basic testing with a slingshot and squash ball to measure the distances achieved. If we perform a uniform test i.e. same angle and same pull back distance, we could change the elastic thickness to see what the results difference is and compare the results for analysis and interpretation. I believe this will help us to calculate the forces produced by the different elastics; ultimately helping us to the produce enough force to propel the ball.
We will then be able to proceed with the build and then do further testing of our launcher before we meet for the first stage of the competition on the 20th February. We will keep all the data from the testing as we can use it to work out the set up of our line launcher hopefully this will enable us to have an accurate and consistent product.  
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Introduction 
Using Proven trade methods to calculate angles and apply them to a 3D Cad model. The 3d Cad model in question will be tested in a simulated 3D environment in order to prove the overall concept. The design logic shall be based on a sign bar to calculate angles working in the Z axis and a system of accurate holes to aim in the X axis.

Contents
1. The Design
1. Methodology
1. Conclusion
1. Evaluation
1. Further Work
1. Referances
 
1. 
The Design.

As mentioned in the previous task. The aiming system for this model shall be biased on a system of holes and dowels depending on what adjustment is needed, simply move the dowel to a new location to achieve the desired angle. Pic 1. Shows the dowel in location with the Base and turntable.
[image: ]  
(Above Pic 1. Turntable in brown and the base in green.) (Conway)
As the target range is either straight ahead or to an angle not grater than 45 degrees from the target itself. It has reduced dramatically the degree in which the jig needs to move in order to perform correctly. It can be seen in Pic 2. A clear range of movement from straight ahead to 45 degrees to the right.
[image: ]  
(above Pic 2, Top view of turntable.) (Conway, Top View)
Highlighted in orange around the perimeter are the dowel holes. The group of holes to the top right are in steps of whole degrees. Then each instance to the right is offset by 90.25 degrees. Hence it becomes possible to adjust the X axis about Z by divisions of 0.25 degrees. It should also be noted in Pic 2. How the M10 Stud From the table is used to an advantage as it is multipurpose. An angled slot is produced in order to allow the table to swing through 45 degrees or more. Also, when the wing nut is applied It clamps the base and turn table together, hence locking the system in place.
During the Design a plain was projected at a 45-degree angle to visualise the boundary that the upright support legs are confined by. As seen in Pic 3. a height of 523mm was chosen to mount the top of the sign bar to.
[image: ]
  (Above Pic 3. A plain at 45 degrees to visualise the boundary to design within.) (Conway, Boundery)
A Range of motion was discussed in a meeting and It was chosen that the maximum angle for Z axis adjustment shall be 55 degrees. Although 45 degrees Is the best angle to maximise the distance of the ball, there may be cases where a steeper angle is needed. The sign bar is designed to accommodate this 55-degree angle as seen in Pic 4. 
[image: ]    The sign bar is a direct copy of that found in industry as seen in Pic 5. Now Hinged from the top of the two upright legs at a fixed height.
There shall be two 20mm diameter cylinders mounted accurately to the body. The distance centre to centre between both cylinders is 626.26mm. This will achieve an angle off 55 degrees once touching the turn table base.
 (Above Pic 4. Mounted sign bar at the maximum angle of 55 degrees) (Conway, 55 degrees )
      The Sling shot and other components will be mounted square and perpendicular to the sign bar body.
[image: ]
(Above Pic 5. A Sign Bar which inspired the design.) (openoregon.pressbooks, n.d.)

     
  
1. 
Methodology 
     A 3D environment such as the one in Pic 6. was designed to put the concept to test. And the following points were viewed in order to understand the workings of the jig.
 [image: ]
(Above Pic 6. Of the 3D Model Environment for the competition.)
[image: ]It can be seen in Pic 6. A centre-line which extends from the centre of the turn table and beyond the target. In Pic 7. The target is 6m away from the locking stud of the table. And the table is at 45 degrees to the target. This is the Maximum distance and range for the intended design. It Can be observed in Pic 7. What the trajectory should look like. Highlighted in Blue is the suggested trajectory path from the projectile. It can also be noted that at this point it is not aligned for a bulls-eye. Pic 8. Shall display the holes of the turn table and how they look at this point. 






(Above Pic 7. Initial Trajectory path.) (Conway, 45 Degree test)
  [image: ]
(Above Pic 8. The turn table top view with the dowel in place.) (Conway, Top View 45 degrees)
At this stage one must imagine what will happen to the trajectory if the table is off set by 0.25 degrees. Pic 9. Shows the trajectory path with the angle reduced to 44.75 degrees. 
[image: ]Once again highlighted in Blue is the trajectory path from the projectile. This time Passing much closer to the bulls-eye. So, it can be said that, 0.25 degrees can be all it takes to have a shot on target.
Pic’s 10. and 11. Show What the turn table looks like at this stage.




(Above Pic 9. Trajectory path after the angle is reduced to 44.75 degrees) (Conway, 44.75 degree trajectory).
[image: ]
[image: ](Above Pic 10. Showing the aligned 44.75-degree hole.) (Conway, 0.25 offset holes) 
This image of Pic 11. Shows the top view of the 45-degree hole. It can clearly be seen that it is now out of alignment.








(Above Pic 11. Misaligned whole degree holes) (Conway, Misalignment)
    Now talking about the lift angle of the sign bar. Different height shim stacks shall be used in order to achieve any angle within the range of the design. The following Information is based on calculating how one can achieve an angle of 50 degrees. There are two known fixed values which are used to calculate the height of the shim stack. They are the height of 523mm as seen in Pic 1. And the length of the sign bar itself, 626.26mm.
     As the height does not change one can use the sign bar as the hypotenuse in this case and the following equation is derived. 

Sin (angle)*626.26 = New  Height
As the height cannot be adjusted this value is subtracted from the full height. Taking into consideration 10mm which is the distance to the centre of the 20mm diameter foot as seen in Pic 12. This is because the sign bar is mounted about the centre of the top foot. 
Therefore…
Difference of total Height - New Height = Stack Height - 10mm radius to center of rear foot.
[image: ]
(Above Pic 12. Hidden Error ) (Conway, 10mm )
Eg. Sin(50)x626.26 = 479.743
523 - 479.743 = 43.26
43.26 - 10 = 33.26
33.26mm = New Stack height to be placed below the lower foot of the sign bar to achieve 50 degrees as seen in Pic 13. 



[image: ]
(Above Pic 13. 50 degree angle achieved) (Conway, Using a shim stack)

     In Pic 13. It can be observed that a block of height 33.26 is placed under the lower foot of the sign bar in order to achieve 50 degrees. The jig shall be locked in place by the two bolts which are fixing the sign bar upper foot to the uprights.










1. 
Conclusion

    It is a given that to really test the aiming system. The velocity of the ball is a major factor to take into consideration. However, at this moment no testing of the elastic to be used or its properties are known. The use of an elastic material may have an unpredictable nature due to its freedom to move in all axis. The weight of the ball is also unknown; hence no real tests were carried out.
     As the target moves closer to the line launcher. Each 0.25-degree movement has a slightly reduced distance moved over the target area.     



1. Evaluation
    One must consider the negative points in a positive light as there is no perfect design. One is simply constrained by budget, time and resources. Although the X axis adjustment only moves in 0.25-degree steps. At the very upper extremes in terms of range and accuracy of what this design is intended. The overall concept proves to achieve a good degree of accuracy. 



Further Work.

It is apparent that the jig is quite high and may be unstable so it is suggested that the addition off gussets on the uprights can be considered. 
It is obvious too that appropriate labelling on the holes will assist the end user.   
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