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1.0 Specification
	
	Requirement
	Type
	Spec

	Must be lightweight
	Wish
	Under 300g

	Must be low cost
	Demand
	Below £25

	Must conform to the size regulations
	Demand
	Fit within a cylinder of height 300mm and radius 200mm

	Able to adjust to changes in pipe diameter
	Demand
	Drive wheel should have at least 2mm of adjustability while climbing.

	Climb a 2m pipe
	Demand
	Inside a time of 5s

	Quickly repairable if minor damage is caused
	Wish
	Any component should be replaceable within 2 minutes

	Must be capable of making at least 15 runs.
	Demand
	

	Way to secure chain reliably
	Demand
	The chain must not come off under any circumstances.

	Power source must last for 1 run at least.
	Demand
	

	Power source must last for 1 run at least.
	Demand
	

	Must maintain drive surface contact with the pipe.
	Demand
	

	Withstand impact from landing from a max height fall.
	Wish
	A 2m fall.

	Must be easy to change batteries and other consumable components.
	Wish
	Must take less than 1 minute to change batteries and 2 minutes to change any other components.

	Must be able to apply torque from motor to pipe without too much slip from drive surface.
	Demand
	







[bookmark: _Toc532490594]2.0 Jeff Ellis, Chassis, Integration and Data

Previous Competitions in 2015 and 2009 were also based on the external pipe climber concept. Appendix A contains a table produced by watching previous years competitions and noting the time taken to ascend and descend separately as well as noting all the failed attempts. While doing this research it was found that the majority of competitors failed to reach the top of the test. Many of the competitors did not even raise from the ground. From observations this is due to the static nature of their drive wheels which did not allow for even tiny changes in pipe diameter. Leading to the drive wheel, skipping and spinning rather than smoothly turning and driving upwards.
 
[bookmark: _Toc532490595]2.1	Previous Competitions

	There are two main approaches teams have taken in the past. One is to use almost exclusively pre-existing parts. For example, UCL B used Lego for the chassis as seen at 14.55 in (Television, film production and engineering skills, 2015). All of the machines made in this way which were found have failed to make the ascent. The competition is split as follows, four heats followed by a final of the fastest four teams. This means a possible 5 runs at each level of competition. The chassis must be able to withstand a minimum of 15 consecutive runs without any components coming loose or being damaged. The regulations allow for changes of consumable components such as batteries between heats. However, there is a 2-minute window after being called which the competitors must arrive and be ready in. This means any changeable components must be quick to change as well as any adjustment’s being easy to make.

[bookmark: _Toc532490596]	2.2	Background

	Wheels are the most efficient method of translating the rotational energy of a motor to linear velocity of a vehicle. (Chattopadhyay,2018). It is also a much simpler system than tracks for example. The majority of these had significant capacity to move the wheels relative to the frame of the pipe climber and the pipe. Wheeled drive is also the simplest to implement as motors are widely available and very inexpensive.


[bookmark: _Toc532490597]	2.3	Chassis requirements

	The chassis is required to ensure that the power source and any drive systems maintain their relative positions. This is necessary as any relationship between motor and mechanical drive will rely upon either belt tension and gears meshing properly. Therefore, the chassis must be rigid and strong enough to withstand any descent forces if the machine free falls from the maximum height to the ground. Many teams even at the finals of the competition fail to climb the pipe as seen in appendix A. Usually the vehicles can be heard to spin the motor. But fail to have enough traction to climb the pipe. This may be due to the slight variances in pipe diameter. Suggesting that it is necessary to have a system which pushes the drive wheel towards the pipe ensuring that it always has traction. 
	Chassis must be quick to produce, lightweight, fit within the confines of the regulations (primarily the size requirements.), not be costly, allow for mounting of all components securely and not fatigue through multiple runs of the competition. 
	
	
3.0 [bookmark: _Toc532490598]Duke Asamoah, Power Generation and Storage

This task involved researching products available on the market that could be utilised within the project. The team met every Tuesday to discuss ideas and developments, on the tools and methods necessary to design a pipe climber. 
Investigation through various websites revealed motors are increasingly varied. To select a motor for the project an investigation into available motors was essential. It was important to match the type of motor and its specification to the task. In this regard, investigation was undertaken as to what the torque and speed requirements for the motor are. The maximum weight of our vehicle has been assessed at 400g and the weight of the chain is approximately 300g. Assuming a wheel radius of 40mm and the motor directly driving the wheel.
The motor is required to provide sufficient torque in order to raise the machine via rotating a wheel. A quick estimation of the torque that will need to be applied required shown below. 

This gives a required torque of roughly 2800gcm without using any gearing or mechanical advantage type systems.

In one of the meetings, it was agreed by the team that it might be better to use a brushless motor for this project for a better performance during testing. However, it is also necessary to use brushed motors if similar results are found to blushless motors but cheaper. It was agreed that the torque needed to be higher than the RPM of the motor.
When the pipe climber mechanism is going up the cylinder it has adequate traction on the pipe even with the addition weigh of the chain (3mm x 2m, 302g) but also climbing at a reasonable speed.
The battery can be changed between the rounds as specified in the regulations. However, this must be quick and easy to do if it is required as you have a 2-minute window after being called to be prepared and in position to start a race. For this reason, it may be sensible to use existing component’s such as battery holders which allow the user to snap in and out any battery.
It was discussed that the price of the motor that will be used will no higher than £5.00. Research was carried out on finding the attributes of what was required from using the most dependable blushless motor necessary:

[bookmark: _Toc532490599]3.1 Electric motor selection
· Type of the motor: DC motor 
· Configuration: Brushless motor is better for use; however, the cost is significantly more, it is acknowledged that a brushed motor may be the only option for this project
· Voltage: 12v
· Power Source: battery
· RPM: 16500
· Torque: Maximum efficient at around 400 gcm or higher, torque needs to be calculated to include the components and weight of the chain
· Weight: below 100g
· Size (Dimensions): At around 12cm x 8cm x 4cm, a small DC. 
· Cost: £2.49 to £5.00
· Availability: eBay, Amazon, RS component
· Compatibility: (VFD) 
· Service life: The device needs last for a trial run and a minimum of six heats
· Reliability: Brushless motor will be dependable. It is much lighter, has a longer life than its brushed counterpart.
As seen from above, some research was carried out to see what attributes needed to potentially make towards the motor. The team leader explained that the motor may need a remote controller connected to it. Also, it was discussed at the meeting of what type of sensor the motor will use. 

[bookmark: _Toc532490600]4.0 Alex Bladwin, Control, Robustness, Payload and Reliability
[bookmark: _Toc530828945][bookmark: _Toc532490601]4.1 Introduction
Control systems allow any input to have a specified output. Robustness shows how well systems can withstand forces. Reliability ensures all parts of the system will last and all components run efficiently.
[bookmark: _Toc530828946][bookmark: _Toc532490602]4.2 Objectives
· Control System
· Robustness of system
· Reliability of parts
· Payload attachment
· Effect of weight on system
[bookmark: _Toc530828947][bookmark: _Toc532490603]4.3 Robustness and Control Specification
[bookmark: _Toc532490604]4.3.1 Control Systems
The control system is powered by using a switch pressed by a user. The switch is located on the side of the device to ensure the user does not apply extra downwards force when switch is deployed. Direction change will be completed by a further switch located on the top of system which will be deployed when the device reaches the top of pipe. The force required to press the switch needs to be low to ensure the button is fully engaged. This switch will turn the motor off allowing the device to fall, as the motor resists downwards motion due to gears, the fall will be therefore controlled. 
[bookmark: _Toc532490605]4.3.2 Robustness of System
The body and parts of device will be affected from impact at both the top and bottom of the pipe. To absorb impact at top of pipe, the top of body will be wide reducing forces acting on the system as . System will be one piece ensure sure no components fall off on impact. The device will be allowed to fall down, impact will be highest when it hits the floor. To counter this, sponge will be attached to bottom of system to absorb the impact.
[bookmark: _Toc532490606]4.3.3 Reliability of Parts
The device needs to last a maximum of 6 runs at 100% efficiently. Parts designed to allow for this by using materials which will not plastically deform under the load applied to them, or overheat due to friction during a run. This causes wear, which can eventually break or weaken a part. Parts need to be easily accessed if any issues arise during competition, parts might need to be checked or replaced quickly and efficiently.
[bookmark: _Toc532490607]4.3.4 Payload Attachment
The payload will be attached as low as possible within the space identified in the rules. This will result in the system using less energy transporting the chain to the top as  and h (height) is smaller. The device used to hold chain should not bend or deform since the chain could fall off or could go over specified height restriction of system. String will be used to attach the chain since it is strong, lightweight, does not deform easily and is low cost. It can be mounted to the body by tied up securely to one end of body, passing it through a chain link and tying it to a point on other end of body. The string will be cut to release the chain and new length of string used for each run.



5.0 [bookmark: _Toc532490608]Claudia Marques Andre, Mechanical Drive and Propulsion
[bookmark: _Toc532490609]5.1 Introduction
The mechanical side of the system ensures that the body and components don’t fall apart during a run due to vibration and torque from motor. Weight also taken into account with target velocities. Propulsion of system which shows how the system will allow the wheels to turn and how it will interfere with pipe.
[bookmark: _Toc532490610]5.2 Objectives
· Materials
· Forces/Vibration
· Weight
· Mechanical Losses
· Target Velocities
· Propulsion System
· Interference with Pipe 
[bookmark: _Toc532490611]5.3 Specification
[bookmark: _Toc532490612]5.3.1 Materials
Body of system can be made out of acrylic or plywood and laser cut to specified dimensions. These materials are lightweight, sheets are low cost and they agree with our strength requirements. Body can also be 3D printed, which can also be low cost but manufacturing will take longer and not will not be as strong as laser cut sheets.
[bookmark: _Toc532490613]5.3.2 Forces/Vibration
The motor will create a force on the drive system, so it needs to be rigid enough to withstand forces up to 2800gcm. This is completed with the equation . Vibration from motor and propulsion system, will cause the whole climber to vibrate. This could cause parts to fall off if not secured properly. 
[bookmark: _Toc532490614]5.3.3 Weight
The weight of the whole climber has to be as low as possible to not have much extra weight other than the chain which will be connected. The team decided this figure should be around 400g. The weight of the chain is about 300g so the whole system will be 700g.
[bookmark: _Toc532490615]5.3.4 Mechanical Losses
When climber is run, parts will heat up. This will cause loss in kinetic energy as energy will be transferred to heat due to friction. Friction in motor cannot be reduced as it will be a purchased product but propulsion system should take frictional losses into consideration (more information on this under 3.6 Propulsion System).
[bookmark: _Toc532490616]5.3.5 Propulsion System
This system can be run in two ways. One way can be done using a belt and pulleys, and the other using gears. The belt pulley method has less frictional losses due to contact and is less complicated to manufacture. The gear method can have gears slip or spokes snap if material is not strong enough which will cause issues when running the climber. 

[bookmark: _Toc532490617]5.3.6 Interference with Pipe
As the pipe that has to be climbed is copper, it will deform if too much force is applied to it. This means that the wheels connected cannot apply too much pressure or they will just dig into the pipe and the climber won’t move. This will be overcome by using moments and letting the wheel rest on the pipe. If force acting on the pipe is not large enough, the friction will be too small and the climber won’t be able to move up the pipe as  where  is coefficient of friction (constant) and  is the reaction force which is equal and opposite to the force acting on the pipe from the wheel. To also make sure the wheels have enough friction, higher grip tyres can be used. To keep the pipe climber stable and not have it fly or rotate on the pipe, stabilisation wheels will be used at the top. The length of the wheels will be curved to make sure they stay on the pipe and not allow much movement. These wheels should also not apply to much force as the pipe can deform.
[bookmark: _Toc532490618]
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Appendix A

	Heat
	Team Name
	Success/Fail/Partial
	Ascent (s)
	Descent type
	Descent (s)

	Heat 1
	KU A
	F
	n/a
	n/a
	n/a

	
	UCL A
	F
	n/a
	n/a
	n/a

	
	BR A
	F
	n/a
	n/a
	n/a

	
	GR A
	F
	n/a
	n/a
	n/a

	
	MDX A
	F
	n/a
	n/a
	n/a

	
	KU B
	F
	n/a
	n/a
	n/a

	
	UCL B
	P
	8
	n/a
	n/a

	
	BR B
	S
	2.9
	Free fall
	0.6

	
	GR B
	S
	3.15
	Controlled
	1.29

	
	MDX B
	F
	n/a
	n/a
	n/a

	Heat 2
	KU A
	F
	n/a
	n/a
	n/a
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	UCL A
	F
	n/a
	n/a
	n/a

	
	BR A
	F
	n/a
	n/a
	n/a

	
	GR A
	F
	n/a
	n/a
	n/a

	
	MDX A
	F
	n/a
	n/a
	n/a

	
	KU B
	F
	n/a
	n/a
	n/a

	
	UCL B
	F
	n/a
	n/a
	n/a

	
	BR B
	S
	3
	Free fall
	0.5

	
	GR B
	F
	n/a
	n/a
	n/a

	
	MDX B
	S
	3.43
	Controlled
	1.1

	Heat 3
	KU A
	F
	n/a
	n/a
	n/a

	
	UCL A
	n/a
	n/a
	n/a
	n/a

	
	BR A
	F
	n/a
	n/a
	n/a

	
	GR A
	F
	n/a
	n/a
	n/a

	
	MDX A
	n/a
	n/a
	n/a
	n/a

	
	KU B
	n/a
	n/a
	n/a
	n/a

	
	UCL B
	F
	n/a
	n/a
	n/a

	
	BR B
	S
	3.36
	Free fall
	0.65

	
	GR B
	n/a
	n/a
	n/a
	n/a

	
	MDX B
	F
	n/a
	n/a
	n/a

	
	
	
	
	
	

	UCL example footage
	UCL
	S
	12.68
	Controlled
	5.12
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