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External Pipe Crawler Chassis Design Goals
There is many different factors to consider when thinking about the design of the pipe crawlers chassis. It needs to be light enough to reduce extra mass that the motor has to overcome; strong enough to handle the weight of components and chain; and withstand being dropped to the floor from the height of the copper pipe, if in the design it is decided that we will not have a controlled method of reaching the floor.
[bookmark: _GoBack]The first option is the use of Lego. Light, Cheap and incredibly strong when bricks are glued together. This option is a contender due Lego coming in all different shaped and sizes with the ability to cut down to the specification needed. This makes lego a particularly easy material to use as it is so versatile.
The Second option being 3D printing a chassis. What is different from Lego is that the density of the print can be adjusted for the optimum strength and lightness. Although this method will be more time consuming in the manufacture process due to the printers and in the design as tests will need to be carried out measuring the strength of different densities in comparison to the Lego
Cost Factors:
Chassis 
The Chassis has the potential to cost a high percentage of our cap of £25 if Lego is to be used as finding individual Lego pieces for a low price is difficult. Bearing in mind a strength test will also be carried out there will need to be enough Lego to make the chassis twice. On the other hand, using the 3D printers for design could potentially cost nothing to the budget with 3D printers readily useable in the workshop. This is favorable as multiple chassis designs can be made and tested for weight and strength to better aid the design of the final product. 
Power generation and storage 
With the battery being a key factor of success, it is key that the correct battery is used, and these come at a high price and will likely take up a lot of the budget. The type of battery is a main contributor to the cost as high-powered rechargeable batteries may be favorable over the cheaper standard batteries. The storage of the battery is also something that will eat the budget as it needs to be strong and durable to be able to keep the battery in place and working over multiple runs. 
Mechanical drive and propulsion
The mechanical drive will be main cost point with the parts needed to create a working powertrain. This section of the budget has the potential to grow dependent on the choice of motor and the fundamental design of how the wheels grip the pipe sufficiently. As the motor will be a set cost dependent on the type it really depends on what motor we choose that has the best power for its cost. 
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Power Generation and Storage
This device is an external pipe crawler and in the design specification it says that the device has to crawl up a 15mm copper pipe by using its own power with no outside interference and it also says that it has to be able to come down on its own and be self-contained. All these factors shape and narrow down what kind of battery we need to produce. The competition has several heats so we need to use a reliable motor and battery that stays within the budget.
Motor
The motor that we have chosen is a proven and reliable motor design that has been oriented towards RC cars and has been used for 30 years. The battery is a Mabuchi 540-6527 brushed motor. The motor is simple but yet effective it can generate a voltage of 4.8v to 9.6v depending on the battery. This amount of volts is more than capable of completing the task if the rest of the design procedure is done correctly. This motor under no load generates 23400rpm at 9.6v and 1.6A and operates a maximum efficiency of 20040rpm at 9.55v and 6.8A. One down side of using this motor is that it would not be straight fit as it is intended for RC cars but because we are starting from scratch we will have to do some wiring and fabrication anyways, so it is small problem that can easily be gotten around. The motor weights 160g which is a small amount and it has more than enough of power to carry all the components. This is an easily serviceable motor that will last and uses a small amount of power so it does not have huge environmental effects. This battery is suitable for our requirements it only cost £3.85
Battery
Since we used a motor intended for a RC car it made sense to use a battery intended for a RC car as well and the truth of the matter of fact is that this motor is suitable for our requirement and also exceeds our requirements for this project. This battery has a capacity of 1600mAh which is enough for the project even though we have to do multiple runs it should still have enough capacity to complete the task. Voltage of the battery is 7.4v which makes it compatible with the motor we have decided to use and should give us enough power to carry the machine up the copper pipe but I would keep into consideration throughout the design processes we should keep the weight as low as possible because the less mass the more efficient our device will be. The weight of the battery is 102g which is a good for our device and the reason for the low weight is because the battery is designed for a RC car which are designed lightweight.  The cost of the £6.18 which fit with our budget. 
The overall goal of this project should be to make a light weight and efficient machine   and these two components should serve well in our overall goal.  
[bookmark: _Toc532125284]Mechanical Drive and Propulsion 
There are two big hurdles to overcome on the mechanical side of this project: torque and contact/friction with the copper pipe. The motor we have specified produces 316g/cm of torque at maximum efficiency, and at stall is producing 2202g/cm of torque. So we can lift a significant amount of weight, a torque multiplication factor of 3.91:1 has been implemented using s 21 tooth spur gear on the motor, and an 82 tooth gear on the traction wheel. (Menezes, 2018) Th
e traction wheel is a 3D printed wheel with a 16mm radius on the outside edge, so it can have as much contact with the pipe as possible. To aid this traction, strips of rubber will be glued in the radius, effectively bringing the radius to 15.5mm, and providing a much higher coefficient of friction on the pipe. The estimated nominal coefficient of friction of rubber on copper of . (Engineers Edge, 2018) This high coef. of friction will minimize slippage and have minimal wear due to the robust properties of rubber. The weight of the motor, battery, and other electrical components is expected to be approximately 500g, and the chassis and other components are estimated to be 200g, therefore the motor and torque multiplication will have no problem moving the climber. The method used to tension the drive wheel will be simple; the drive wheel will be attached to a pivot with an extension spring either side effectively pulling it into the pipe. The motor, an RS-540SH-6527, spins at 20,400rpm at maximum efficiency. With the gear reduction drive, the drive gear will be rotating at approximately 5,000rpm with no load. The chassis, drive wheel, and other components of the body will be 3D printed, due to the strength and price point of the material. PLA plastic, with dimensions of 52x52x4mm, has a nominal shear strength of approximately 600 Newtons, (Anderson, 2018) meaning that the chassis we have designed will have no problem sustaining the potential loads of climbing the pipe. Another advantage to 3D printing, is the time it takes to produce a prototype is greatly reduced. All rotating components will have a 6000 series bearing to reduce friction losses allowing more power to be transferred to the traction wheel. The chain will be attached on the opposite side of the motor and battery, effectively balancing the chassis, as well as helping to pull the wheel into the pipe giving more traction. As the climber moves higher the effect of this increase in traction will also go up because the chain weight will increase. There shouldn’t be any forces due to vibration, as the two rotating components are balanced. To provide an opposing force to the traction wheel, a 604 bearing will be used to provide a smooth and low friction movement while maintaining low weight and low cost. We  are hoping to use a speed controller to limit the speed to 200-250mm/s, meaning the time to climb to the top should take around 8-11 seconds, and the drop back down is calculated to take around 1.4-1.8 seconds.


References:
Engineersedge.com. (2018). Coefficient of Friction Equation and Table Chart - Engineers Edge. [online] Available at: https://www.engineersedge.com/coeffients_of_friction.htm [Accessed 9 Dec. 2018].
Menezes, r. (2018). How to Calculate Gear Ratios and Torque. [online] It Still Runs. Available at: https://itstillruns.com/calculate-gear-ratios-torque-8140164.html [Accessed 9 Dec. 2018].
Anderson, I. (2018). [online] Mary Ann Liebert, Inc., publishers. Available at: https://www.liebertpub.com/doi/pdf/10.1089/3dp.2016.0054 [Accessed 9 Dec. 2018].


[bookmark: _Toc532125285]Control, Robustness, and Reliability
Control:
There are several ways in which to ‘control’ the way in which the pipe crawler externally moves up and down the pipe. ‘At its simplest the motion was simply achieved by a chain drive and the robot moved manually from one weld to another’ (Advances in Climbing and Walking Robots, Ming Xie)
Another method to start/stop the pipe crawler would be through the use of a switch which would reverse the polarity of the flow of the current, which in turn would reverse the direction of the motor. This would result in the pipe crawler rising and falling at the exact same speed. Another way in which to control the direction change would be through the use of gravity, whereby the motor would be switched off when the pipe crawler reaches the top resulting in it falling due to the force of gravity upon it. The only downside to this is that there would have to be some sort of brake or spring to control the falling object. 
Robustness:
The robustness of the project refers to the impact requirements and protection, as well as any external forces acting upon it. In terms of reducing impact upon the pipe crawler some sort of brake or dampening system would have to be put in place to support the potential free fall under gravity. 
Properties of materials include; brittleness (the ability of a material to break without deformation), strength (the amount of stress a material can withstand), ductility (ability to deform under pressure) and the toughness (ability to absorb energy).
The materials used in the making of a pipe crawler have to be strong and high quality to be able to withstand harsh, real world environments.
Reliability:
When looking at reliability it is key to take the wear of materials into account. This is usually defined as the ‘wear allowance’, which is the total thickness of contact material which can be worn away before there is unwanted contact between materials. In regards to the pipe crawler project the main places in which this needs to be addressed are areas prone to rubbing, and parts that move with each other, such as gears and wheels. Materials used would also have to be taken into account, as weaker materials more prone to wear would not be suitable. Hardness, defined as a material’s ability to withstand, indentation, deformation, and abrasion, therefore is key when looking at materials. 
Reducing the wear in the pipe crawler experiment would help allow the best performance and also ensure that it is fundamentally repeatable.
Payload:
When looking at the payload, the competition requires the pipe crawler to be able to carry a chain with a length of 2m and a thickness of 3mm. This chain could be supported by several mechanisms, for example being dragged by the top of the pipe crawler or by having it attached to the bottom of the pipe crawler as it climbs. Both of these methods are viable options, but it has to be made sure that the chain is attached properly to the pipe crawler as it could cause unbalanced and unnecessary weight causing the device to destabilise and ultimately fail. Therefore the weight of the payload has to be taken into consideration before running the device.
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