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[bookmark: _Toc531438317]Subsections
The budget for each subsection will be £5 leaving £5 overspend which then can be spent on a subsection if required. Meetings will frequently occur to discuss everyone’s ides for their subsection. This means we can plan bringing the subsections together to a final product. 
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	REQUIREMENTS
Wood, metal, aluminium, plastic or steel are some of the materials that can be used to create a pipe climbing robot. To choose the right material, a number of criteria’s should be followed:
	WISH OR DEMAND
	REASON FOR THIS
	HOW TO ACHIEVE IT?

	Lightweight materials
	Demand
	Not only to be able to move up the pipe but also to be able to move fast along the pipe. 
 
	· Choosing lightweight materials instead of those that would weigh the robot down too much.
· Splitting the weight equally among the different parts.

	Convenient material properties
	Wish
	Not all materials are appropriate to create a pipe climbing robot. For example: materials with no flexibility or materials that are not strong enough are not suitable for this project.
	· Controlling the material properties of every possible material that could be chosen to build the robot.
· Buy materials in person rather than on internet to personally evaluate if the properties are as described.

	
Damage resistance
	Wish
	To protect the robot in the case of an impact.
	· Choosing strong materials with the ability to absorb an impact and bend rather than break.
· Adding a suspension system.
· Adding a good shock damper material as it could be rubber.

	Specific amount of money to spend on the making
	Demand
	It is specially required by the project.
	Controlling the money to spend when analysing the materials to be used.

	Avoid scratching
	Demand
	To prevent damage on the external surface of the tube.  
	By choosing a rubber material for those parts of the robot that would be in contact with the tube.

	Easily constructed with no special equipment
	Wish
	The materials chosen must be easily put together without any special equipment that would increment the cost of the robot as well as make it difficult to create it.
	Monitoring those materials that are easy to work with when researching.


	Efficient methods/materials to join the different parts of the robot
	Wish
	All the different parts of the robot should be well fitted and joint for a good performance without any fails.
	A strong joint method/material should be used.

	Environmental friendly
	Wish
	This would help by not increasing humanity’s acceleration of global warming.
	· Using recycled materials.
· Reducing the amount of energy, resources and waste created through the robot making process.

	Right size
	Demand
	As demanded by the project rules, the robot should not be more than 200 mm radius and 300 mm height.
	To control the sizes of the robot when making it.

	It should look well-presented and neat
	Wish
	The majority of the time a first impression and with it judgment comes from the looks.
	Leaving a smooth surface after secondary processes (cutting, drilling, etc.).

	Reliable
	Demand
	The robot should be able to repeat more than once the process of climbing the tube without any material, electronic, frame or mechanism failures.
	From the material point of view, by choosing the best quality/price material that will respond stress applied over time.

	Check quality control
	Wish
	To correct or repair any imperfection before testing the device.
	Checking for quality and damage at every single step when building the robot.

	Check health and safety when making the robot
	Wish
	To ensure that everyone in room where the robot will be tested will not be harmed.
	Ensuring that the robot has enough stability and strength so it does not suddenly peel off the pipe.

	Timescale
	Demand
	The deadline to handing in the robot project is the 13th of March; therefore the robot should be ready to be tested on that date.
	Choosing a structure that will not take longer than required to be built.
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	Requirement 
	Wish/Demand
	Reason for this
	Possible solutions

	Be able to turn on/off
	Demand
	To save battery an on off switch will be included
	Small toggle switch
Rocker switch

	Be able to produce rotary output
	Demand
	To drive up the pipe we initially need rotary motion 
	Motor
Stepper motor
Servo motor

	Be affordable
	Demand
	We have a budget of up to £10 but aiming for sub £5 which is cheap in terms of electronics
	Monitor price when researching components

	Be able to change direction
	Demand
	Once the machine reaches the top the system needs to change to return to the base of the pipe
	Slide switch pushed by top of pipe to reverse motor. Switch on bottom to turn off machine to not break it.

	Be lightweight
	Wish
	The lighter the electronics the easier it will be to lift up.
	Lightest motor and battery.

	Be compact
	Wish
	As long as it fits in the cylinder its good but the smaller it is the easier it fits in the frame
	Only use wires and soldering instead of PCB or Breadboard

	Be reliable 
	Wish
	A reliable system is more likely to work on the day
	Solid soldering and purchase reliable parts

	Simply show system is on
	Wish
	To avoid confusion I want to have an output to show machine is ready to move.
	A small LED

	Easy to change battery
	Wish
	We have to be able to change the battery but being able to do it quickly and simply will give us an advantage if it ran out quickly
	Battery held in with clip on surface of machine

	Has to have enough torque
	Demand
	We need enough torque to turn Pete’s mechanism to drive up the pipe
	Research motor’s torque 

	Be safe 
	Demand
	As we are using live electricity we need to make it safe to handle. 
	Use heat shrink on solder. This should also improve reliability

	Target Life
	Demand
	The robot needs to be able to complete the challenge up and down the pipe minimum 15 times including testing
	Make battery easy to change and use accurate soldering


Specification

Research
Toggle on/off switch
£0.84 for standard toggle switch. They’re easy to solder, incredibly reliable and lightweight.
https://www.banggood.com/Red-Toggle-Switch-DPDT-On-Off-On-6-PINs-3-Position-5A-120Vac-2A-250Vac-p-1159114.html?gmcCountry=GB&currency=GBP&createTmp=1&utm_source=googleshopping&utm_medium=cpc_elc&utm_content=zouzou&utm_campaign=pla-gb-a-m-mt-pc&gclid=Cj0KCQiA6JjgBRDbARIsANfu58HOaQ1dnNAca9PDX4CGoTCc3YdyJYBmWmT2AW0OdPINbP17dNrtfXwaAmtdEALw_wcB&cur_warehouse=CN
Rocker on/off 
£0.51 for mini rocker. They’re again reliable and easy to use and easy to tell if on or off 
https://cpc.farnell.com/pro-power/ppw01080/switch-mini-rocker-spst/dp/SW03237?mckv=sZIH9ErmR_dc|pcrid|224682624125|kword||match||plid||slid||product|SW03237|pgrid|49734256791|ptaid|pla-371789919038|&CMP=KNC-GUK-CPC-SHOPPING&gclid=Cj0KCQiA6JjgBRDbARIsANfu58GADTWGXGWAzM5KrZp07QFTbi4eWwoE8H0k4ett0UBLTFi9iVVJzrcaAiHVEALw_wcB 
Motor 
£2.11 for 1.5v motor which should produce decent torque (112g/cm) but is an expensive component
https://www.ebay.co.uk/p/1-5v-to-3v-Clockwise-High-Torque-Miniature-DC-Motor/2032844202?iid=351543263956&chn=ps 
£3.31 for 3-6V motor with more torque and similar weight so more usable but more expensive.
https://www.amazon.co.uk/dp/B00D0WCHLA/ref=asc_df_B00D0WCHLA57283051/?tag=googshopuk-21&creative=22122&creativeASIN=B00D0WCHLA&linkCode=df0&hvadid=255774212797&hvpos=1o2&hvnetw=g&hvrand=7420091905281409680&hvpone=&hvptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=9045394&hvtargid=pla-352140813555 
slide switch change direction
£0.30 When the climber reaches top, momentum can throw switch to reverse direction
https://www.cricklewoodelectronics.com/Small-DPDT-Slide-Switch.html?gclid=Cj0KCQiArqPgBRCRARIsAPwlHoVYiZ2-mxSNUVRxkJFIJ1XgMDwYheELCdKRjAX2wkLxvk15DlyrO2EaAhd3EALw_wcB 

I don’t know how much torque or power the motor needs as we need to create initial designs so I can see Pete’s mechanism and also see how much mass we have to lift up .This does limit my research but there are motors available to be able to lift significant mass so this should be fine. One of my biggest issues is creating a system which can flip the power on the motor to get it to reverse back down the pipe. If we let the machine fall, it can lead to damage and could fall before we reach the top which would mean we lose. A controlled descent is the best approach. I believe the momentum will be enough to flip a slide switch placed on the top of the machine. From this flipped switch the signal can get the motor to change direction. All reasonable motors require minimum 3-5v which can be done using an alkaline 9v battery. The majority of electronics will be bought in as it is the affordable option and the most reliable however to lower costs assembly will be done in house. 
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	Requirement
	Wish/demand
	Reason for this
	Possible solutions

	Be able to grip a pipe with a diameter of 150mm
	demand
	This is the dimension of the pipe supplied in the competition
	Use a test section of pipe in the development stage of the project

	Have a mounting point for a chain
	demand
	The rules of the competition state that if the payload doesn’t attach of falls off during a heat then the team is disqualified
	Once we have tested the pipe crawler with the specified chain length of 2000mm we could test with a longer or heavier chain to ensure durability of the fastening system

	Have a maximum height of 300mm and maximum radius of 200mm
	demand
	The rules state that these dimensions are the maximum and exceeding these would result in disqualification
	We could make a container with these dimensions to ensure that the pipe crawler fits inside

	Be able to set up within 2 minutes
	demand
	The time limit for each heat is 2 minutes so it is crucial that we can set the pipe crawler up quickly
	By keeping the design set up simple and completing dry runs before the competition we can ensure this time line is kept to

	Be able to withstand impact
	demand
	The rules do not state that the pipe crawler must descend the pipe under its own power or in the case of system failure it may fall from height or accidental drops
	Drop tests and dry runs can be completed prior to the competition

	Be able to adjust the diameter of the pipe which can be climbed
	wish
	Although the competition only states a pipe diameter of 150mm it would be nice to implement a feature in the design to allow for other dimensions to be used
	By implementing various design aspects that would allow us to change the central diameter



the chassis and design need to conform to the dimension specifications laid out in the rules section of the competition pdf. A possible solution to ensuring the setup of the pipe crawler would be either a spring or hinge system (fig,1), so that it would be able to hook round the pipe. To ensure that the design is durable the components would need to be housed securely within the chassis with the possibility of motors mounted on rubber bushes. The mounting point of the chain would also need to be secure, for this I would suggest a loop that is attached at two points opposed to a hook that is open on one side this would reduce the risk of the chain falling off during one of the heats. The ability of the design to expand to cater for a range of pipe diameters is not a vital element although in my opinion it would show a deeper understanding and knowledge [image: A picture containing outdoor, ground, building, electronics

Description generated with very high confidence]of the project.Fig,1. The above image shows a hinge system on an external pipe crawler (IMG ultrasuoni, 2018)








References
IMG ultrasuoni, 2018. IMG ultrasuoni. [Online] 
Available at: www.img-us.com/solutions-for-non-destructive-testing-ndt/crawler-for-thickness-measurement-and-external-corrosion-mapping-of-pipelines/
[Accessed 7 12 2018].
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[bookmark: _GoBack]The pipe crawler will have to make multiple ascents of the 2m tall copper pipe which has an approximate outside diameter of 15mm however the pipe may not be a perfectly cylindrical piece. The time limit for each heat is 2 minutes and the fastest combined time from 3 heats is the winner.
My area of focus is the mechanism to attach the crawler to the pipe and transfer driving force from the electric motor to pull/push the pipe crawler up the pipe and allow it to return down once it has reached the top. 
	Requirement.
	Wish/Demand
	Reason for requirement
	Possible solution(s)

	Provide force against copper pipe.
	Demand
	So that the crawler will be able to hold onto the pipe
	Sprung or tensioned grips about pipe circumference

	Apply drive to pipe.
	Demand
	To transfer torque from the motor to pull/push the crawler up the pipe
	Rubber wheels/tyres

	Gear/belt ratio reduction/increase.
	Demand
	In order to provide enough torque through the driving mechanism there may be a requirement to trade speed for torque to help carry the weight of the crawler and cargo(chain)
	Different sizes of gears or a pulley system to change motor to wheel rpm ratio.

	Low friction in drivetrain.
	Wish
	To help the crawler to freewheel back down the pipe after reaching the top
	Minimal number of gears/pulleys from motor to wheel
Lubricated gearsets/axles

	Be fully housed within the chassis of the crawler.
	Wish
	In order to avoid fingers getting trapped in the mechanism when starting each test
	Small gears and wheels that will be fitted within the chassis/frame of the crawler

	Be able to quickly mount onto pipe.
	Demand
	Crawler must be ready to start the heat within 3 minutes of being called
	Automatic clamping system
Method of adjusting clamp in case of unexpected issues

	Not permanently mark/damage copper pipe.
	Demand
	Design specification insists no damage may be done to the copper pipe by the crawler
	All contact points with the pipe using rubber or soft plastics.

	Resist wear on components.
	Demand
	Pipe crawler must last for at least 3 runs in the heats and any test runs completed
	Metal or hardened plastic components. 
Reduce weight and/or speed to reduce strain on the drivetrain.

	Only require 1 person to affix mechanism to copper pipe.
	Demand
	Specification requires that only 1 person may handle the crawler for setting up for each heat.
	Self-tensioning mechanism.
Single handed manual adjustment.

	Resist damage upon impact with top or bottom of test rig.
	Demand
	Crawler may come in contact with “roof” or base of the rig and possible at high speed, particularly on descent. 
	Strong components and fixing points to chassis.




Metal R/C car spur/pinion gears
https://www.aliexpress.com/item/2pc-lot-Motor-Gear-23T-48P-HSP-Spare-Parts-Upgrade-Parts-With-Pinion-Metal-gear-For/32624819576.html?src=google&albslr=224704781&src=google&albch=shopping&acnt=494-037-6276&isdl=y&slnk=&plac=&mtctp=&albbt=Google_7_shopping&aff_platform=google&aff_short_key=UneMJZVf&&albcp=1622677378&albag=57224001810&trgt=296904914040&crea=en32624819576&netw=u&device=c&gclid=Cj0KCQiAurjgBRCqARIsAD09sg94kNV1aJvmWzGE6u1w9VA-QXOysfhavb6Sv9ry1Lg_BJgjRQ0vFcEaAoMVEALw_wcB&gclsrc=aw.ds
R/C vehicle parts will likely be strong enough for the pipe crawler as they are designed with high torque transfer and sudden changes of rpm and will also have common tooth patterns and axle size making components easy to source.
Wheels with rubber tyres
Wheels from toy vehicles such as Lego or scale models may provide the traction required with a suitable pressure against the pipe but would have to be adapted to receive a driving force as usually are only used to free-wheel over an axle.
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