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 As a part of the systems engineering module (ACDB5021) students were split up into teams to design a system to overcome an problem set out by the lecturer. The groups were tasked with coming up with a solution for the detection and clearance of a minefield, to allow for the safe passage of a medical convoy to a remove village. This report focuses on the teamwork and interactions when designing the system and the creation, presenting and feedback from a presentation given about the solution. 
The brief is summarised below: 
A medical convoy needs to get to a remote village in a rocky mountainous desert region. The route to this village is suspected to be mined with 2 varieties of mine, one anti-tank and one anti-personnel. The option of air transport is impossible due to a persistent Man Portable Air Defence (MANPAD) threat, the use of a convention mine clearance system such as python by BAE system is also not possible due to fragment risk to the trailer. 
This necessitates a new system to be designed capable of clearing a safe route though the field for trucks to pass. The system will be transported via 4x4 vehicles and be capable of detecting, neutralising and marking any threats present on the route
This report will focus on the application of systems thinking techniques and tools provided to work through the various Quality Function Deployment (QFD) steps. Working from deriving the initial design requirements to formatting these into specific problems that can have solution tailored to them then deselecting functions and coming up with a finalised design. This design is they analysed with other present options against how it performs against the initial requirements. This solution is then broken down with further analysis being conducted from a purely manufacturing point of view. [1]
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Toolset Application 
The systems engineering toolset is broken down into a few main stages: 
· QDF 1 – the definition phase, where customer requirements are collected and translated into requirements set which are the rationalised against each other to determine importance the basic functions of the system are then decided, and the requirements are compared to the functions to determine which of the functions requires the most attention [1]
· QFD2 – Concept Phase, where ideas are created that could complete the task inline with the above created design requirements. A number of solutions are then compared to assess their feasibility a “winner” is then compared to the initial functions to ensure it meets all requirements.[1]
· QFD 3 – the realisation phase, during this phase a number of P-diagrams are caried out to determine all the potential noise factors that could influence the operation of the system broken down into a few main categories. This then gives things that can be used to control these noises and shows the most important noises to have covered. [1]
· QDF 4 – the delivery phase, focusing on the manufacturing and disposal of the system and performing the above sections again for the specific tasks sin those workflows [1]
The team was broken down into a number of different segments with each student focusing on a different section. This report will focus on the research and development (R&D) aspect of the toolset. The systems engineering ecosystem introduces a number of different areas into one to highlight how they are connected with some areas being more relevant to specific roles that others. The report will break down into parts that were either critically impacted by R&D and that had their outputs shaped by R&D. 
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[bookmark: _Toc229364700]Key Customer Requirements 
The initial task for this piece of work was assessing the brief given and deciding on the most important requirements. The role played from a R&D perspective on this initial look was to analyse the requirements and do some initial scoping into potential solutions to better inform all team members about potential options for development. This also involved looking into publicly available resources on mine placement doctrine and EOD techniques. [2,3] this lead to the selection of the following requirements shown in figure 1. 
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[bookmark: _Toc229365970]Figure 1: Requirement table with relative importance
The relative importance for each requirement is calculated by rating how important they are compared to each other allowing for the more critical functions of the system to be more highly weighted. 
[bookmark: _Toc229364701]Critical system functionality.
Once the initial requirements had been decided the requirements of the system were discussed. The focus of Research and development in this section related to the specific function required for a safe mine clearance operation. This focused on the exact threats presented by the M15 and OZM 72. Time was spent looking into source 2 and other similar documentation to find specific information that would better solve the problem. 
A comparison is then made between the requirements and their importance and the different functions of the system, this makes up QFD 1. After completing a QFD 1 you are left with a table that shows which functions are most important to the proper operation of the system. This is shown in figure 2. This can then be taken forwards to provide weighting to which compared to the system design to show which parts of the design are most important for achieving certain functions.  
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[bookmark: _Toc229365971]Figure 2: Functional importance table

[bookmark: _Toc229364702]Concept derivation and design choices
This section is the one most impacted by the research and development role, it specifically looks at examples of systems that could be used to solve the initial problem and then rationalizing these ideas based on a number of factors. Including: 
· Cost 
· Complexity 
· Ethics 
· Feasibility 
· Effectiveness 
Figure 3 shows the function means table that was come up with after discussion and research online about the wide range of solution possible within the mission parameters. 
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[bookmark: _Toc229365972]Figure 3: Function means table
Once these options were down selected after discussion with the whole team, other example solutions using other not selected options were then compared to each other to ensure the most optimal solution is chosen.  
Once the design was finalized the R&D work focused more onto the specifics of the what systems would be chosen to fulfill each role. 
The design choices above can be explained as follows: 
The use of the human senses and experience comes as standard allowing for a basic level of operation if most of the system was to fail. The use of drones and advanced sensors to allow for thorough searching and identification of targets. The use of unmanned vehicles to remove risk from operators by removing them from the scenario. The use of a 4x4 to meet mission requirements. The use of a custom shaped charge to allow for it to be better tailored to the threats present. 
Other reasonable options were discounted such as search animals and heavier mine clearance equipment due to equipment load and the environment. 
[bookmark: _Toc229364703]Potential failure modes.
After the design was finalized by the use of a number of P-diagrams. These collate a number of different failure modes for a single part of the system and then allow for the comparison of these. The main types are: 
· External noises – noises that will impact how well the system functions that are out of scope to be controlled e.g. how deep a mine is buried 
· Unit to unit variation – differences between identical units due to production tolerances and random variation e.g. radar characteristics between two models 
· Deterioration – how a system will start to fail with age as parts wear our over use e.g. batteries losing their ability to provide sufficient power after longer periods of use 
The P-diagram also has a section for control factors that are things that can be controlled by the operators that can help keep the noises in check, this can include things like a regular maintenance schedule.
[bookmark: _Toc229364704]Critical design features.
After QFD 2 analysis for the different parts making up the design solution for the system are brought forwards and compared to the basic functions of the system allowing for each method of delivering a function to be assessed in terms of how many functions it delivers. The key functions after conducting thee QDF 2 analysis were, the training of personnel, the use of a search ground penetrating radar, spare equipment and conducting assurance scans. 
Interestingly at this point the effector for defeating the mines had not yet come out as an significantly important factor, there could be a number of reasons for this. One that was discussed while using the tool included the potential to entirely circumvent the mines if a wide enough path existed and the point that the effector can not do its job if the mines locations are unknown. 
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[bookmark: _Toc229364706]The manufacturing processes involved.
The manufacturing process is still impacted by design choices made in the R&D phase as specific products and functions will require specific manufacturing processes to achieve. 
The manufacturing process is focusing on the shaped charge used to defeat the mines. The charge will be a contained unit filled via extrusion with PE8 plastic explosive. PE8 dues to it being very well characterized and its characteristics being well suited for the task presented. Once initial ideas about construction were completed the manufacturing specialists discussed and came up with the best ways to conduct each step of the process to  form basic parts to finished munition. 
[bookmark: _Toc229364707]Critical process steps.
The critical steps identified for the manufacture of the PE8 explosive are shown in figure 4: 
[image: ]
Figure 4: Critical process chart
This chart shows that the most important part of the manufacturing process is the explosive mix. This can be broken down into a number of different sub factors. 
[bookmark: _Toc229364708]Process control measures.
The important control features for the manufacturing process for the PE8 main charge are as follows: 
· Being mixed under a vacuum – eliminates air pockets and helps create more homogenous smooth mix 
· The use of a planetary mixer – versatile allowing for mixing both more and les viscous mixes and can be scaled up and down as required 
· Timing the mix period – allows for consistent mix time between batches improving reliability 
These steps focus on controlling how well and how consistently the explosive fill with be manufactured.
[bookmark: _Toc229364709]Waste and end of life disposal.
Research and development has little impact onto the disposal routes of the system. Though with this it is considered if the R&D workers think ahead it can make the job of the disposals team easier for example using parts that are more easily disposable or pre finding disposal routes internal to the organization that this new system will fit into. The focus was put on the batteries use, composites, energetics and electronics. These will be managed via existing workflows for energetics, batteries and electronics with recyclables being cut down and the disposed of appropriately, all in line with the regulations. 


[bookmark: _Toc229364711]Conclusion 
This assignment allowed me to better step into the role of a research and development specialist and see how important the role is. It also showed me how R&D both has a large impact on how the design actually looks and functions, but also on other related factors such as manufacturing methods and disposal routes. The systems engineering toolset is also a great tool to get hands on with and since initially learning it, the tools have been implemented into my work with how I approach problems. 
Tools like the P-diagrams, pairwise comparisons, function means tables, pugh diagrams and more are all very useful tools for developing a new solution. 
This has allowed me to better think about the ideas I am coming up with and taking into consideration other parties impacted by my design ideas. It also showed how collaborative working is very important and how doing so through the design process both speeds up the process and reduces friction between different parts of the chain. Specifically when looking at what can be done to improve the experience of people working further down the chain by considering things that will impact how they would go about their own process design.
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Requirements

The system shall detect buried or surface-laid mines typical of

legacy and improvised mine threats. 11.5415974
The system shall render detected mines safe by removal,

destruction, or permanent disabling. 11.6097681
The system shall be transportable and operable using light vehicles

(Land Rover, Hi-Lux, or equivalent). 11.4223927
The system shall clearly mark mines cleared lanes and boundaries

in a way visible to follow-on with light wheeled vehicles 11.5325129
The system shall function in high dust, sand, heat, and vibration

conditions without degradation of performance. 11.0208654
The system shall clear the required route length within a time

window compatible with urgent medical convoy movement. 11.24495
The system shall limit blast, fragmentation, and collateral damage

within the confined pass. 10.8077016
In the event of malfunction, the system shall default to a safe

condition without creating additional hazards. 10.4395516
The system shall be designed to enable safe, compliant breakdown

and disposal of all system components, including explosive

payloads, electronic subsystems and structural elements in 10.3806604

laccordance with applicable environmental, explosive safety, and
hazardous waste regulations at end of life.
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