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Background Information 
As group leader, there is less emphasis on external research in terms of particular components that will join to make up our pipe crawler however I thought that my research time could be very well spent looking and other design solutions to the problem and familiarising myself with the competition’s rules and regulations. 
[bookmark: _GoBack]I started by watching two YouTube videos one by “UCL Mechanical Engineering” (Engineering, 2015) and the other was from the previous competition in 2009 (SSEFacultyTV, 2010) watching these videos have indicated two major problems that team encounter and they are reliability and stability. Many of the teams that were featured in the  “SSEFacultyTV” video were unsuccessful due to the fact that their device did not start moving after the countdown was finished, this is probably an electrical issue, meaning that I want my team to prioritise reliability so that we don’t fail with the same problems we will do this by making sure that all electrical connections are good as this will reduce the chances of any start line failure. Contacts will all need to be clean and the wires will need to be firmly attached to these contact points. Ideally these connection will all be easily accessible in the event that one of our electronic components stop working. The rigidity of the connections is of an upmost importance as the pipe crawler will need to do multiple test runs, any of which could go wrong, resulting in an impact with the floor. In the event of this impact I do not want any of the electrical connections to be damaged which could result in them not failing and immobilising our pipe crawler. 
A key issue that was highlighted by watching the UCL Mechanical Engineering video was stability, by this I mean that their device started to bounce against the tube which caused a loss of speed and could also cause wear on other components as well as running the risk of the motion becoming amplified to a point where the device could no longer grip the pipe or could even fall off the pipe. This has shown me the importance of weight distribution in addition to having the availability to adjust the clamping force created by the device to keep the driving force on the pipe or using some form of stabiliser wheels so that the bouncing motion to a minimum. 
My next task was to research the rules and regulations for the device and the competition. This gave us a very clear guide for the maximum dimensions of the device, the device must be no taller than three hundred millimetres in height and fit within a cylindrical envelope of two hundred millimetre radius. Although I felt that these dimensions are very generous we will still have to bare it in mind while we are designing our pipe crawler. The document also detailed the total cost limitation that our design must adhere to, costing no more than £25. Rule 2.2 also stated that there must be not outside interference with the device and so it will either have to automatically reverse the drive or turn off and fall back down to the bottom of the pipe.
One of the first question that we asked at our first team meeting was whether or not the pipe could be removed from the setup and inserted through our device, I found that this is the case and so our preliminary design is still within the rules of the competition.

Power Generation and Storage
We have been tasked to design and create a pipe crawler which climbs up the outside of a 15mm pipe and must fit within specific parameters. These parameters are that the final piece must have a maximum radius of 200mm and a maximum height of 300mm, “it must be self-contained and at all times during the competition fit within a cylindrical envelope of 200 mm radius and 300 mm height” (Institute of Mechanical Engineers, 2018). I am responsible for the research into the motors used and how we are going to power them. 
[image: VEPCRo - Vertical External Pole Climbing Robot] (Wickramasinghe, 2016)
Electric Motor
I am responsible for the research electric motors for our project. This means that I must work out what type of motor we can use and ensure it will fit in our specified dimensions and cost of £25. The electric motors need to have enough torque to be able to lift a steel chain over a height of two meters. This poses a challenge because the chain will become heavier the higher you lift it because more chain is unravelling and becoming suspended. However, if a single motor is incapable of completing the required task, there is the possibility of using multiple motors to multiply the torque figure. 
The weight and size of the motors is also a concern as it must fit within the afore-mentioned size specifications; and the weight of the motor(s) detracts from the maximum lifting capacity of the motor because it must lift itself to the top of the pipe as well as the chain and the frame that the motors are mounted to. The voltage of the motors is also important and that denotes what size battery we can use but we have to keep in mind that as the voltage of the battery increases, so does the weight which could hinder the performance of the pipe crawler. 
With regards to cost, we need to keep the costs to a minimum as we have a £25 budget (Institute of Mechanical Engineers, 2018) That is covered by the university. If we go over the predefined budget it will come from our pockets. 
We are planning on mounting the motors in their supplied mounts or potentially fabricating new mounts ourselves. It would be easier for us to make the mounts as we won’t have to modify the pre-existing brackets, meaning that we can implement our tensioning method hassle free. The design needs to be clear, effective and minimalistic. This will hopefully mean that everything is easier to get to, making any repairs as easy as possible. The minimalistic design should also aid the reliability as there are fewer things to break/go wrong.
Energy Storage & Delivery
The system needs to be able to climb to the top of the pipe and come back down again with no interference once it has set off. This means that it must be semi-autonomous and requires some sort of switch to adjust how the pipe crawler performs, i.e. change direction or turn off. The voltage of the energy storage (battery) is dependent on the motor and how many volts it needs to run. The weight and size of the batteries needs to be as compact and light as possible as this would reduce the overall weight of the pipe crawler, meaning the device will not struggle as much to lift the chain over the specified distance. We will have spare batteries available should the first set of batteries lose charge and fail. These batteries will be mounted in plastic holders which will be mounted somewhere with go access to make changing the batteries easier. The casing of the battery holders could be used as part of the frame as they are made of plastic which is strong but light as well. However, this plastic could also be brittle, potentially causing structural integrity issues. 

Mechanical Drive and Propulsion 
For this group project we have been tasked to create a pipe crawler that should be able to ascend the outside of a 15mm pipe. It is my task to research how the pipe crawler will be driven. Looking at how the motors should be geared to create the right amounts of torque at an acceptable speed. I will also look at methods of propulsion and how the pipe crawler can grip to the pipe.
Propulsion 
For propulsion I thought of using rubber wheels that are attached to a geared shaft. Rubber wheels would ensure the wheels would be able to grip the pipe and ensure no energy is lost from the wheels spinning. Having 4 wheels in a square shape would make sure the wheels have even contact with the pipe and would make for easier adjustments (figure 1). However, 3 driving wheels could also be an option. This would perform similar in terms of traction but would make the pipe crawler much lighter (figure 2). To tighten the pipe crawler only one wheel needs to be adjustable. This can be done with the use of a grub screw 
 



Figure 1
Figure 2










Drive 
The motors we are using spin at 24000 RPM which would be far too fast for the pipe crawler and would properly cause failure. Therefore the crawler will need to be geared down to ensure optimal working speeds, to gear it down we can use silicone gears that come with the motors (WOSKEY, 2018). Testing will be needed to know what ratios to use. The motors weigh approximately 20g each so the pipe crawler will weigh at least 150g which shouldn’t affect anything else. The overall velocity of the crawler doesn’t need to be fast, it just needs to have torque and needs to move at a consistent speed. It’s an option that some of the motors could be switched so that we could cut them off if the crawler needs to be slowed down. Or have a regulator switch to adjust the speed of the crawler. Vibration shouldn’t be a problem because the motors have very low amounts of vibration when running at max rpm. However, if we upgraded to a more powerful motor then the vibration could cause the pipe crawler to lose traction and performance. Too much vibration can degrease the battery life a lot. 5volt batteries should be perfect to power the crawler.
Cost 
For 5 motors, 4 wheels, 5 battery cases, wire, motor housing, silicone gears and axels it would be approximately 12 pounds which is well within our budget of 25 pounds. 3-volt motors should be more than enough and we shouldn’t need to upgrade. 
These rubber wheels with quite a soft compound should give us the traction we need to grip the pipe, however the small contact area could mean that the crawler wouldn’t even begin to move (WOSKEY, 2018)[image: https://images-na.ssl-images-amazon.com/images/I/71bip3KjIOL._SL1200_.jpg] 




	

[image: https://images-na.ssl-images-amazon.com/images/I/51rp0k5CP9L._SL1024_.jpg]

Tracks could also be used to increase the surface are that comes in contact with the pipe. However these could weigh more and require more power for them to operate to their full potential. Also keeping the tracks on the drive wheels may be difficult and could cause the tracks to come off causing failure of the crawler. (Homyl, 2018)
 

Control, Robustness, Reliability and Payload
As part of the engineering design project each team must design and manufacture a pipe crawler that can climb a pipe whilst carrying a chain, the pipe crawler must also descend. My role within the team is to look at Control, Robustness and Reliability and payload... As part of the control of the pipe crawler, look at how the pipe crawler is going to start/stop, there are many ways this could be done. Switches/buttons can be used to the pipe crawler, by braking the circuit and by reversing the current in the circuit (Bolton, 2002). 
Figure 1.1 (Bolton, 2002)






As shown in the figure above, when the button 1 is pushed, the circuit is complete, and the motor is turned on. The presence of the holding switch enables the user to release button without breaking the circuit. By using the second button, the holding switch is opened, and the circuit is once again broken. This stops any power getting to the motor and would cause the pipe crawler to stop.
In addition to this, robustness of the completed pipe crawler is also considered. Which includes the impact requirements and protection of the pipe crawler. The most likely time for the pipe crawler to experience an impact is on the descent, as gravity will acting in the same direction as motion. Which will result in a greater acceleration going down the pipe than going up. This then makes safety a concern, hence making braking even more important. Braking could be achieved as part of a controlled decent, as described above. 
[image: ]To protect the pipe crawler from damage, as well as protecting the users from the pipe crawler, foam may be used on the exterior to soften impacts. As such foam has an original use of pipe insulation it is affordable, widely available as well as being easy to install (Harley, 2002). 






Figure 1.2 (Harley, 2002)
Other methods of protecting the pipe crawler on its decent could include basic suspension, as it would compress on impact and release this energy back into the ground. Meaning only some of the energy is travelling through resulting in minimal damage.
As part of the role within the team, is to oversee reliability of the final prototype. This includes its wear allowances and performance repeatability. To look at wear allowances you must consider the components used in the pipe crawler and look at how they react to general use when full filling the task. At this stage of the project, these allowances will have to be vague to increase the likeliness of success. If gears are used in the prototype pipe crawler, the teeth will eventually become rounder due as well as the potential to break. This therefore requires a gear made from a material that has a good tensile strength, and very low ductility as this would cause the component to deform. When choosing the material for the gears hardness and toughness will be considered. Hardness is the ability of a material to resist deformation, indentation, and abrasion. Toughness is a combination of strength (Pelleg, 13 June 2012)
The final responsibly is the payload, for this competition the pipe crawler must be able to carry a chain of length 2m and 3mm thick. The chain could be held in numerous configurations such as being carrying on the top of the pipe crawler or by being held on the underside of the device. Each have their own advantages and disadvantages. The main disadvantage to both of these methods is that the chain has to be secured properly as the off-set weight could cause the device to become unstable and fall.
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Product Specification 
Performance
Our pipe crawler must be able to climb a pipe with a diameter of 15 mm whilst lifting the chain through 2 meters vertically and descend with external intervention. It must operate at a moderate speed in order to remain safe and compete with the other teams in the competition.  
Target Production Cost
Our pipe crawler must cost under £25 otherwise we will exceed the budget that the university supplies us with. 
Quantity and Product Life Span 
Our product is a one off limited run as it is only needed to compete in one competition, therefore it only needs to last the duration of this project. 
Size and Weight 
Our pipe crawler must fit within the size guideline that are detailed in the IMechE documentation for this competition – fitting within a radius of 200mm and a height of 300mm  
Maintenance 
Due to the minimalistic design all of the serviceable will be easily accessible therefore our product will be easy for us to maintain if necessary using common hand tools.
Materials
Our pipe crawler must out of materials costing less than £25 as this is the maximum budget for this competition. The materials must be strong enough to support the weight of the chain, withstand the torque of the motors and be light enough as to not impede the lifting capabilities of the motors. These materials also need to be impact resistant in case our pipe crawler fails at the top of its ascent and has an impact with the ground   
Appearance 
We will be designing our pipe crawler with the primary aim of it fulfilling the needs of the competition so appearance takes a “backseat” role therefore we cannot predict what we want it to look like. 
Quality and Reliability 
The electronic and gearing components of our product must be reliable enough to lift our pipe crawler every time we need it to. 
Safety
Our pipe crawler must not be at risk of injuring any users, all moving parts should be as enclosed as possible without effecting the functionality or maintenance of our device.  
Design Time 
Our product needs to be designed by the deadline for the second task where we will have to present our concept and final design proposals. 
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