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Team Leadership and Systems Integration
Emily-Kate Flewin 
The role of team leader is to ensure that everyone is organized, that they know what they are doing within the group and to help anyone who falls behind or has an issue. The role of systems integration is to apply all the different outcomes from the different responsibilities into one design as well as creating a chassis or frame design to house each of the components. As team leader and systems integration, it is best to focus on the two responsibilities separately therefore there will be to separate research parts. 
The leader is an important factor in the success or failure of any team. People choose to follow leaders because of who they are and what they represent. Effective leaders create an environment in which team members can function well. They ensure that needed resources are on hand. They don’t create barriers and distractions that would hinder the team’s operations—they remove them. They don’t generate problems but address and solve existing problems that are beyond the scope of the team members. They accept responsibility for everything the team does and does not do. (Klann, 2004)
They provide direction and meaning to the people they are leading. The leaders are responsible for keeping team members aware of important stated goals and objectives. Second, they generate trust. They act in an honest manner that creates an environment of trust. Third, they prefer action and risk taking. They are willing to operate outside of the safety circle of tradition. Fourth, they are communicators of hope. Using effective communication skills, leaders encourage others to believe that the expected behavior will result in successful realization of stated goal. (Howard, 2005)
From this research it is clear to see that the role as team leader will need certain characteristics. The team leader will be an important role in the creation of the engineering design project. Time management and communication need to be effective and precise in order to complete everything on time. On top of this trust is needed from everyone in the group. 
For the systems integration it is broken down into three main parts, CAD integration, managing tradeoffs and integrating frame/chassis design. For the CAD integration there is not much research that can be done because the team already has previous knowledge and experience in CAD using SolidWorks. The management of tradeoffs is focused on the financial part of the pipe climber. There are four responsibilities that will require funds, this means the set amount of money given to each team (£25) is divided equally by four, which means each of the roles will get £6.25. However, this is not the most successful way of allocating funds because some roles will need it more than others. The research that has been done on this topic found that it is easier to create a list with the team members in order to find out which components they need and how much it will cost for each component and then allocate funds depending on the importance of the component. 
For integrating frame and chassis design there will be further and deeper research into the properties of materials that will be considered for the frame or chassis, however basic research is started with this book Budinski, K. (1999). Engineering materials: Properties and selection. (6th ed.). London: Prentice Hall.  As well as this research there will be further research into the production of the chassis or frame, alongside the research from the rest of the team to see the size of the pipe crawler, however this must comply with the rules of the challenge. 
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Salman Birch
   Power generation is fundamental to making this project work; without it, the product will have no use or application purposes. However, one must understand the concept of work and energy in order to understand and apply power. Since electric motors are to be used to generate power, equations of angular motion must be applied:
[image: ]
Where K.E is Kinetic Energy, I is the Moment of Inertia, ω is Angular Velocity, P is Power, and T is Torque.
   Each of these values vary depending on which electric motor is being used. The preferred type of electric motor would be one that holds a high starting torque and efficient speed regulations, as well as having the ability to reverse in the opposite direction without losing the quality of torque and speed regulation.
   The voltage and power output of said electric motor must provide enough energy and work for the product to go through various changes, such as the change in weight as the product climbs the pole as it is carrying the payload. Adding to that, the size the motor will need to fit inside the specified dimensions of the product as it is being mounted, and the weight being, if possible, not too heavy. With that being said, it must also be low in cost and readily available if a replacement is needed when an unforeseen circumstance has occurred.
   The electric motor should also be compatible with the energy supply, mechanical drive and system control. The service life of said electric motor should be able to perform the heats for a good number of times; it must also be reliable enough that it may withstand the internal and external forces around it as well as being efficient when the product is performing the task of climbing the pipes.
   System requirements for the product must include the following; A sufficient energy source that provides enough power for the product to climb the pole efficiently. The Power Formula that will be applied is: 
Where P is Electric Power, I is the Amperage, and V is Voltage.
   This energy source must possess an appropriate amount of voltage and amperage to provide energy to the electric motor. 
   The same energy source must also be light in weight, small in size and easily replaceable; the weight of said power supply will have an effect on the overall weight of the product, so the lighter, the better. The size of it will also be considered since, as mentioned before, will need to fit inside the specified dimensions of the product. The placement of the power source must hold an easy way of changing the power source (e.g. batteries) so that it may be easily replaced if the source of power needs to be fixed or replaced in terms of servicing. Since Lithium-Ion batteries pose a safety risk, it will not be used; alkaline or other alternative batteries will be considered.
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Alexander Penny and Joshua Lewis
Joshua Lewis
The wheels for the pipe crawler need to sustain a good amount of grip to make sure that the motor doesn’t just spin the wheel when the full load of the chain is taken. To solve this problem we could work out how much pressure to apply the wheel to the copper pipe too maintain maximum grip. We could use a spring loaded mechanism to apply a constant force between the tyre and the copper pipe.
The wheels we have chosen are going to come off of a remote controlled car (figure 1) as they are readily available and agree with the budget. These wheels should work great as they aren’t pneumatic they are a rim then a foam insert and then your tyre which I believe will provide us with the grip we need as the tyre will have a greater surface area on the copper pipe.
[image: /var/folders/db/1w45xr6d1g5br95lcy3v4vv80000gs/T/com.microsoft.Word/WebArchiveCopyPasteTempFiles/s-l1600.jpg]When trying to work out the coefficient of friction for rubber against copper we really struggled to find any valid research as it’s not a common combination however with some extensive research we should be able to work this out.
There aren’t very many environmental factors to consider as we have watched videos from previous years and because the test is conducted inside, both the rubber and copper should theoretically both be dry. However if the challenge was done outside the copper pipe could have condensation which could cause the wheel to lose traction. We could warm the tyres up if we are struggling for grip inside although I believe this would be un-necessary.
(Figure 1) Invalid source specified.


Alexander Penny
The mechanical drive is core component to constructing a pipe climbing dictating the carrying capacity and rate of accent. These two factors lead to the selection of the motors we will be using. The first task was to establish the weight of the chain to be lifted, within the project specification a URL is provided linking the reader to the sales portal of the chain to be used. Unfortunately said link is broken so a total weight could not be learnt there. 
Within the URL some descriptive elements were contained including the link diameter of 3mm (Insitution of Mechanical Engineers, 2019) from this the weight of the 2m chain could be calculated using a datasheet from a well-respected manufacture of iso standard chains (English Chains, 2018). The chain will weigh 0.36kg at full extension, the climbing device will not need to lift this weight with is increasing as additional height is gained. It was decided to design to the maximum weight to ensure a more than capable machine. To establish a target acceleration footage of the 2015 Greater London heats of a very similar challenge set by the I MECH E was analysed (Television, film production and engineering skills, 2018). 
Timing the period in which the winning entrance climbed the pipe their acceleration has been calculated as 0.32m/s2, this created a target to beat. A brushed motor appears to be the most appropriate since they produce a good amount of low rpm torque (Casilang, 2018) and are available for small sums due to the simplicity of manufacture/proliferation.  A motor or system of motors needs to produce a torque of at least 2.24x10-3Nm to achieve this. 
The force produced when running in conjunction with the 0.04mm outer diameter wheels was analysed across multiple motors before settling on two 3v units outputting 1.95x10-3Nm (Kit Tronic, 2018) each, this would provide a theoretical acceleration of 0.54m/s2. The device would ascend in 2.72s, with a deadman switch it could then drop finishing in the under 3.5s (3.36 with ideal conditions & design). Such a fast accent will require additional power, calculations indicate at least 2.6W will be consumed. Running the motors in series would require 0.43A per run.
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Nathaniel Allcock
Control is the ‘ability to manage a machine, vehicle, or other moving object.’ (Oxford Dictionary, 2017). In simpler terms; how is it operated?  With regards to this project, how the machine is controlled will be a key factor to consider during the design and build process. Once initially started, the working product will have to operate by itself to perform the task at hand, with no further interference from the user and will also have to automatically reverse its direction of travel back to the original starting point once this has been completed.
Both the reliability and robustness of the unit are also critical aspects of the design process which require additional thought. Reliability is, ‘the probability that a product performs its intended function without failure under specified conditions for a specified period of time,’ and also ‘depends on specification of the intended function’. (Yang, 2007). The final product must be able to perform consistently well as it will be used to perform timed runs in a heated competition – failure to perform when needed would guarantee disqualification and be disastrous to the chances of winning.
 The build will also need to be robust as to endure any external forces which may affect or hinder the operation. In this case, with the device being freestanding and moving on its own accord on a fixed axis with no adverse weather conditions to be considered, the primary concern is the machines ability to withstand a small contact force upon reaching the desired destination to reverse the drive and return the machine to its origin. Other factors to consider, are that the motor will need to perform under test conditions and be durable enough to withstand multiple uses, without drastically overheating or losing performance.  The switches will also need to be hard-wearing enough for multiple runs without breaking. Also worth noting, for a successful design and manufacturing process, both the overall project itself and team members involved will also need to possess a certain level of robustness as, inevitably, new challenges will occur and, in the case of any major unforeseen problems, the team members will have to be perceptive to any adaptations or changes needed in their individual tasks for the relative produced design to function properly.
The vehicles payload capacity is another leading factor which governs a significant amount of the design constraints. In this instance, the machine will have to carry a pre-determined length of chain vertically up the pipe and then back down. ‘It is challenging and important to design a proper adhesion method guaranteeing reliable climbing on various wall surfaces whilst not sacrificing flexible mobility and large payloads.’ (GUO, J. ...et al., 2015) This means careful consideration and research needs to be done into what systems of movement will ensure these criteria are met and to prevent the chain from breaking or falling off due to inadequate quality of assembly or poor manufacturing of components. ‘Guo, J’ also highlights some of the differences between driving mechanisms and the benefits and drawbacks to each system of motion. To summarise, wheeled robots tend to be able to reach higher speeds but can suffer from a loss of traction whereas, a tracked vehicle can provide higher traction and stability due to the increased surface area and friction, however, these tend to be slower because of this and typically require more energy to power. With payload in mind, the machine will be designed to have a combination of both traction, to overcome the weight of carrying the chain up the pipe, and speed to be competitive in the timed heats for the challenge. 
Product Design Specification
Cost – £25
Quantity – One off batch
Dimension – To be determined 
Weight – To be determined
Maintenance – after testing 
Materials – Metals, lightweight, strong and not easily damaged by impact 
Finish – corrosion resistant 
Aesthetics – On the outside it will look robust, reliable 
Product life – 3 months  
Time-scale – production to start a week after specification date
Testing – vigorous testing 
[bookmark: _GoBack]Competition – Other groups participating in the challenge 
Ergonomics – Must climb a copper with a chain attached 
Market – N/A
Manufacturing facility – Adequate capacity and suitable tools available. 
Processes – One-off batch
Standards – ISO & EU 
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