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[bookmark: _Toc751993]Prototype continuation
[image: ]The design challenge ‘stage’ was added for a visual representation of the finished product. This is accurate enough for a final product to be made with only minor corrections, and more importantly, to budget.Figure 1 Design with 'stage'







[image: ]Figure 2 David Carpanini's design

[image: ]Wheels have been added to the initial prototype using David’s design of a three wheel support and drive system. Looking at the image below, the wheel on the left can be adjusted by a slot made into the backing plate, giving us the ability to fine tune the fitting or preload if pneumatic tyres are to be used.Figure 3 Close up of design








[image: ]Each wheel has a section sticking out, in the final design this will only be the driven wheel. Although with the use of a belt the right two wheels could be driven. The adjustment slot could potentially just be a bolt, to reduce costs, time and effort. No information has been given to a source of the wheels, manufacturing them could be a time intensive project.Figure 4 Close up of wheel showing adjustment slot and drive extrusion.


[bookmark: _Toc751994]Weight
Solidworks has estimated that the overall weight will be 1.3Kg by using aluminium. This can be drastically reduced by removing unused material, ‘speed holes’ as old automotive racers would say. I would estimate that at least 30% of that weight can be reduced by this technique. As the life span of the design only has to last the competition, more material can be removed until the point of failure. The final weight cannot be decided until a suitable power device and battery can be found, although for obvious reason less weight would be beneficial. 

[bookmark: _Toc751995]Costing
The plan is to use scrap aluminium cut offs from the UWTSD workshop, according to (Metals, 2019) the current scrap price of Aluminium is £400 - £800 per ton. With our current weight the cost would be around £0.40 - £0.80, although the biggest cost in this production is the TIG welding. Estimating welding costs is troublesome enough for industry professionals, either using a cost per time, per metre of weld, material deposited or the cost per job principle, although this method usually only works for smaller firms able to give quick estimates. Using (The ESAB Group, 2000) a rough figure can be derived using the cost of the power, filler material, purging gas and consumables. Our time is accounted as being free. Using tack welds rather than fully welding the climber would cost a maximum of £1 and would give adequate strength to the structure. The hardware needed to fit the wheels would depend on where we got them, a local hardware store sells M8 bolt similar to what would be required for around £0.50. More hardware will be required for the battery and motor.

A Dropbox link has been setup to view all designs, images and documentation;
https://www.dropbox.com/sh/m2ozvi1fk99nmhl/AADUdXjhxK-wUj2rBh2p4knFa?dl=0





[bookmark: _Toc751996]Power Generation and Storage
To select he motor there was many factors that had to be considered, one of the most relevant of these was the weight of the device. As the overall weight of the device is not yet known it would be impossible to calculate the torque and power output required. Once the device has been assembled fully to take part in the practice run, the device will be weighed so these calculations could be done accurately. The issue with this is that a motor will have to be purchased and fitted to the device to take part in this test run and there is a chance it won’t have the power and torque requirements to complete the task of climbing the pipe. This could incur significant costs as the motor may need to be replaced with a better, more expensive motor. 
As the budget for the project is £25 it greatly limited the motors that could be selected. It was decided amongst the group, as the motor is of significant importance to the device being successful a substantial amount of the budget would be spent on motor and battery selection. With this in mind, it was decided it was best to use, the WOSKY 6 set Rectangular Mini Electric 1.5-3V 24000RPM DC Motor with 80 Pcs Plastic Gears, Electronic wire, 2 x AA Battery Holder, Motor Mounting Bracket, Boat Rocker Switch for DIY Science Projects. 
[image: https://images-na.ssl-images-amazon.com/images/I/71ydScH8bvL._SL1200_.jpg]








Figure 5: Picture showing the kit to be purchased to power the pipe crawler. (Amazon, 2019)
The reasons for choosing this option are; because this has 6 electric motors that would use 12 batteries of 1.5 to 3 volts and spin at an rpm of 24000 revolutions per minute, it is likely these motors would produce enough power and torque for the device to be successful. Another reason behind this choice is because of the small size of the product meaning it can be mounted pretty much anywhere on the device with no real compromise. Also, with this kit the mounting brackets are also supplied meaning it will be easy to mount them on the device. As well as this the kit comes with gears and wheels which could be used in the process of getting the power to the wheels that will climb the pipe. With all this included it was felt that the price of £12.99 is reasonable.
The batteries chosen to power the motors are the Amazon Basics AA Performance Alkaline Batteries [Pack of 20]. The reason behind this choice comes purely down to cost. These batteries are the cheapest that were found within in the correct voltage requirements to power the motors. These are available on amazon for £5.99. All these items are readily available on amazon prime and therefore available for next day delivery, meaning waiting for parts is not going to be an issue.

The cost in total for the whole power generation and storage system including its mounting brackets and everything required for mounting the total cost comes to £18.99. Although this equates to the majority of the budget allowed for the device, the other parts required for this are extremely cheap and easy to source. 
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[bookmark: _Toc751998]Mechanical Drive
Considering The prototype designs That have been made and direction in seems that the final design will go I have come up with a design that will work and can be easily modified to fit. This design incorporates a gear driven system to turn the wheels a slightly smaller gear is directly turned by the electric motor, which turns two other gears directly connected to the drive wheels. This System Allows for minimal Mechanical losses because of the number of gears involved. This also allows for the drive system to be geared down to allow the torque produced by the motor to pull the crawler up the pipe. Gearing it down will give us multiple revolutions od the output shaft on the motor to fewer revolutions of the wheels. (Brain, 2000) This is useful when using an electric motor in this application because the torque produced needs to my utilized an also when using a high rpm motor the crawler might go too fast or spin the wheels on the pipe. Found online we can get a set of 80 assorted gears to allow for some adjustment and spares along with 6 electric motors, six battery holders, and six switched, and with axles and wheels for £12.99 on Amazon.

[bookmark: _Toc751999]Propulsion
Propulsion wise There will be two drive wheels on one side of the pipe and one on the opposing side for stabilization and providing grip. They will all the same size and interchangeable for simplicity and replaceable using all the same spares. On the stabilizing side the axle will sit in a slot and be tensioned with a spring providing grip and the ability for the wheels to contour to the pipe if the pipe is not perfectly round or straight. Having The stabilizing wheel sliding in a slot is the easiest way to incorporate some adjustability to how the crawler grips the pipe. The wheels will be made of plastic and have plain rubber tires that will be soft enough to grip the copper pipe. The light plastic wheels will help keep the weight down.
[image: ]
Figure 6:Picture showing the way the gears will drive.




[bookmark: _Toc752000]Control, robustness, reliability and pay load 
[image: ](Figure 7)[image: ] (Figure 8) [image: ](figure 9)
Above are the initial designs that were produced figure 2 and figure 3, as you can see figure one is a design that uses elements from the other to create which we think will be a good pipe climber
When it came to the final design of the pipe climber, we combined a few different designs as we believed that certain areas of one design would work better with bit from another design and that how we ended up with the design in figure one. The main body of the pipe climber slips over the pipe so that it can ensure a nice fit around the pipe, from one the designs that was done we decided that the pipe climber will need wheels with a channel cut out in the middle that had the same curvature as the copper pipe that it would climb up as it will need a good amount of grip so that the climber will be able to go up the pipe. To control the ascend going up the pipe the easiest way would be just to have a switch located in the top that will just allow full power to go to the motor straight away and allow it to go up the pipe, the benefit to the switch being located at the top of the pipe climber is that when it reaches the top of the pipe the switch can the be knocked off by the top of the pipe so that the climber then can descend on its own. My initial idea was to use some sort of speed controller like found on an rc car but when looking at previous successful pipe climbers a lot of them had one thing in common which was simplicity, that’s why I have decided to go against my initial idea and keep it simple. The simple design will also cut weight which will be critical if we want the climber to be successful. Whilst looking over the rule book it also came to my attention of rule number two which states  “2. The Device Controller is the only person who is allowed to attend to the device during the preparation and start of each heat. The teams competing in a heat will be required to start their devices simultaneously. Once started there can be no outside interference from the Device Controller who must step away from the apparatus.” (imec, 2018) This also eliminates the idea of a controller as it wouldn’t be fitting with the rules.
When it came to attaching the pay load which in our case will be a chain, it will be done with a simple key chain style clip at the bottom as these are cheap and lightweight, using the clip will also [image: https://luckyretail.com/Uploadfile/20170209/028453/028453-2.jpg]allow us to attach the chain easier and quickly, the clip should be strong enough to carry the chain with out breaking as they are pretty robust.
As a group we decided to make the pipe climber out of aluminium for a number of reasons mainly due to it being strong and being able to take a small impact which could occur on the descend part of the climb as we do not want the climber to break as we will need to use it again if we are successful in the heats. Aluminium was also chosen due to it being relatively light weight which will allow the motor to work better than if it was made from a heavier material such as steal. Even though aluminium is strong it does have some draw backs with using it as the climber will be hard to initially build as using a material such as plastic would be easier as there is less specialist tools and processes needed to assemble the climber. As a group though we decided that its strengths outweighed its flaws and we think will be the correct material for the job. 
Another aspect that I had to cover was reliability, we will ensure that the pipe climber is reliable by doing multiple tests on the climber before we enter the heats, if preliminary test are not completed we would be putting ourselves at a disadvantage against the rest of the competition. Test runs will also ensure that we can get an idea on how the climber will perform as it none of us have experience doing this sort of stuff before. The test runs will also rule out parts that do not work or will not be reliable on the actual heat runs which makes this step crucial if we want to be successful.
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