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[bookmark: _Toc228549673]Abstract 
This report relates systems engineering to the conceptual design of a mine detection and neutralisation system. The proposed system is drone-based and utilises a thermite neutralising concept that aims to be put into production rapidly. The system should reduce risk to soldiers during mine clearance exercises and allow for a convoy of medical supplies to be delivered without fear of setting off an unidentified mine. QFD matrix and pairwise comparisons are tools that are utilised during the design of the system. The process design is also developed using a QFD toolset. The reliability and ease of use of each stage within such tool set is evaluated within this report.





















1. [bookmark: _Toc228549674]Introduction
The design brief required a device that could detect and clear anti-tank and anti-personnel mines. This was required to allow a convoy, carrying medical supplies, to transverse the land and provide humanitarian care. The area where the mines were situated was within a steep, walled pass meaning that it was nearly impossible to go around. Helicopters were disregarded as a solution due to a ground to air MANPAD being persistently in place. A systems engineering approach is used to identify a solution that allows for rapid move in. 
[bookmark: _Toc228549675]1.1 Threat Article 
The mines that required clearing were OZM-72 and M15 HE mines.
1.1.1 OZM-72
The OZM-72 is an antipersonnel fragmentation mine that is armed via a fuze that actuates in response to movement or pressure, but can also be activated from a distance via a tripwire (booby trap) [1]. The explosive material used in the OZM-72 mines is TNT, with an explosive charge mass of 0.66kg, making the total mass of the mine 5kg [2]. Figure 1 illustrates the mine.
[image: ]
[bookmark: _Ref227741979][bookmark: _Toc228549717]Figure 1- OZM-72 Antipersonnel mine [3]
1.1.2 M15 HE
The M15 is US antitank, blast mine containing 10.3kg of the explosive Composition B (TNT & RDX), it has an M603 fuze that is operated by pressures between 160kg and 340kg [4]. Figure 2 shows a collection of M15 mines. 
[image: ]
[bookmark: _Ref228177913][bookmark: _Toc228549718]Figure 2 – M15 HE Antitank mine [5]
[bookmark: _Toc228549676]1.2 Systems Engineering 
Systems engineering is a holistic approach to designing products and processes. It relates the customers’ requirements to technologies and processes available. This approach looks to delve deeper than the obvious solution and fully understand the requirements of the system and the environmental conditions that it will be subject to during use [6]. The systems approach used for the design of the system in this report uses tools such as pairwise analysis, the QFD process, and a function means analysis (FMA).
1.2.1 Introduction to the QFD Process 
Quality function deployment (QFD) is a matrix that is used for system design. The method incorporates the relationships surrounding: customers’ needs, system components and specifications, and component importance, into the overall system design [6].  Figure 3 shows the four phases of QFD.
[image: ]
[bookmark: _Ref228189706][bookmark: _Toc228549719]Figure 3 – The four phases of QFD [7]
1.2.1.1 Advantages
This process aims at making products that truly satisfy customer requirements. It looks to design the system correctly from the initial steps. Figure 3 shows how the same tool is used to manage each step of the process, this ensures that knowledge is preserved, with the flow-down of requirements allowing for traceability throughout the design lifecycle [7]. This method allows for the whole process, from concept to manufacture, to be considered, thus preventing delays as problems likely to be encountered when in production are resolved during the early design phase [8].
1.2.1.2 Disadvantages 
Considerations including financial, lifecycle and resources are not made during the QFD process, this may lead to financial and operational consequences for a business [9]. Prioritising customer requirements may produce a product that 100% satisfies the requirement, but, if it is too expensive or will be difficult to operate the work will be left unused.
2. [bookmark: _Toc228549677]Key Customer Requirements 
As the brief states, the requirement is to design a portable, mine detection, clearing and marking system for desert terrain. The team assessed who the key stakeholders for the project were and developed a list of requirements based off research, conversations and knowledge. 
[bookmark: _Toc228549678]2.1 User Requirements 
The user is, in this case, the explosive ordnance disposal (EOD) team.
[bookmark: _Toc228549556]Table 1 – User Requirements
	Requirement 
	Requirement Description 

	The user requires that the system shall be simple to use.
	As there is a need to rapidly disperse the system, the interaction between the user and the system must be intuitive, thereby increasing efficiency and decreasing training required. Evaluating the human factors (HF) of the system considers the ergonomics as well as the useability of the system in favour of the user. 

	The user requires that the system shall be safe to use.
	Keeping the EOD team safe is required to prevent any further devastation.

	The user requires that the system should be easy to maintain.
	Simple maintenance of the system prevents delays. If it is simple to maintain it will not require timely training to be able to fix any breakdowns. This also means that it should not have to be sent to a specialist to be fixed which would take time, in turn preventing the system from performing its task. 

	The logistics team requires that the system should be of manageable size and weight when packaged for transport.
	Logistics and the EOD team require that the system is packaged in a way that is manageable to transport, lift and manoeuvre. This is for safety, efficiency and HF purposes.



[bookmark: _Toc228549679]2.2 Environmental Requirements 
The environment that the system is to be used in is a desert, in which, conflict is still on going. There are requirements regarding its survivability in such environment. The environmental impact of the system throughout its entire lifecycle must also be considered.
[bookmark: _Toc228549557]Table 2 – Environmental Requirements 
	Requirement 
	Requirement Description 

	The customer requires that the system shall operate in a desert environment.
	Considerations must be made surrounding the temperature cycling of the desert as well as the sandy terrain and low humidity.


	The customer requires that the system shall withstand bullet and fragment attack.
	As the conflict is still ongoing in the area, the system must be able to survive/avoid attack of bullets and fragments.


	The environmental impact of the manufacturing process must be kept to a minimum.
	Stakeholders include the government and residents in the surrounding area of the manufacturing plant. These stakeholders may be reluctant to give permission for manufacture if it will have an adverse effect on the environment of their homes. 

	The environmental impact of the disposal of the system must be kept to a minimum.
	The system must not produce a large amount of waste and any waste produced must be disposed of in a manner that protects the environment.


[bookmark: _Toc228549680]2.3 Legislative/Safety Requirements 
For the system to be allowed into service, it must comply with legislations. 
[bookmark: _Toc228549558]Table 3- Legislative/Safety Requirements 
	Requirement 
	Requirement Description 

	The legislative body requires that the system must conform to all the relevant standards.
	The system must conform with international Mine Action Standards, COSHH, REACH, ADRM, STANAGs, Def Stans and HSE.


	The system must be disposed of in accordance with the relevant standards.
	The disposal must conform with international Mine Action Standards, COSHH, REACH, ADRM, STANAGs, Def Stans and HSE.


	The legislative body requires that the transportation and storage of the system must conform to all the relevant standards.
	The transportation and storage must conform with international Mine Action Standards, COSHH, REACH, ADRM, STANAGs, Def Stans and HSE.


	The legislative body requires that the manufacturing process must conform to all the relevant standards.
	The manufacturing procedure must conform with international Mine Action Standards, COSHH, REACH, ADRM, STANAGs, Def Stans and HSE.



[bookmark: _Toc228549681]2.4 Performance Requirements 
For the system to successfully complete its task, it must be able to perform specific tasks with high reliability.
[bookmark: _Toc228549559]Table 4 – Performance Requirements 
	Requirement 
	Requirement Description 

	The user requires that the system shall identify M15 HE mines and OZM-72 AP mines.
	The system must be able to identify where these specific (OZM-72 and M15 HE) mines are located.


	The user requires that the system shall communicate the location of the M15 HE mines and OZM-72 AP mines.
	The mines must communicate to the EOD team the locations of the mines.


	The user requires that the system shall clear M15 HE mines and OZM-72 AP mines.
	The system needs to clear the mines so that it is safe to travel over the area.


	The customer requires that the system should have a high mechanical reliability
	The system should be designed and manufactured in a way that it can be relied on to provide the best quality service.



[bookmark: _Toc228549682]2.5 Requirements Importance 
2.5.1 Pairwise Analysis 
A pairwise analysis is a tool used to prioritise entities (in this instance requirements). It works by rating each requirement in comparison to the other requirements, based on the preferences of the decision maker(s). 
2.5.1.1 Advantages 
Comparing just two entities against one another is a decision that can be made easily by people due to its intuitive simplicity [10]. The results of a pairwise provide a statistical ranking of the entities making it easy to identify which is deemed the most and the least important. 
2.5.1.2 Disadvantages 
The number of elements in a system increases the number of comparisons required. This makes the process not only time consuming but, in real life scenarios, the number of pairwise comparisons necessary often becomes overwhelming [11]. Another disadvantage is that bias can arise for various reasons when conducting this comparison. Since the scores of the remaining comparisons are calculated using the output of the pairwise, the outcome of the overall system may be affected by these original biases. 
2.5.1.3 Other methods/improvements 
In this instance, a Pugh Matrix could be utilised to quantify the requirement importance. However, this would work similarly to a pairwise matrix resulting in the same issues arising. To improve a pairwise comparison, there are computer applications that monitor how the user scores each requirement, if any inconsistencies are identified by the software, the user is asked to reevaluate their initial decision. 
2.5.2 System Requirements Importance 
The results of the pairwise identified that the top three most important requirements were that the system shall communicate the location of the mine, the system shall identify the mines and that the system must conform to all relevant standards. The least important requirements were identified as the system being a manageable size and weight when packaged for transport and that the environmental impact of the disposal of the system be kept to a minimum. A graph illustrating the rankings can be seen in the in Figure 4. (See Appendix A for pairwise scoring) 

[bookmark: _Ref227834901][bookmark: _Toc228549720]Figure 4 – Requirements Importance Graph 
3. [bookmark: _Toc228549683]Critical System Functionality 
[bookmark: _Toc228549684]3.1 Functions
To meet the requirements, the system must be capable of specific functions. 
[bookmark: _Toc228549560]Table 5 – System Functions 
	Function
	Function Description 

	Deploy into operational area
	To achieve its task the system must enable introduction to the environment in which it is to perform.

	Operate in desert environment
	The system needs to be able to perform all system responses under the climatic and terrain conditions that are apparent in the desert.

	Withstand kinetic attack
	Functionality of the system should maintain if exposed to bullet and fragment attack.

	Interface with energy source
	The system must be able to connect and accept energy to allow the system to operate. 

	Receive commands
	The system needs to interpret and accept commands from the user/control system.

	Move
	The system must locomote over the desert terrain to reach the mines.

	Identify mines
	The system must be able to identify where a potential mine is.

	Communicate location of mines
	The system must communicate the location of a mine to the user.


	Neutralise mine
	The system needs to render the mines safe.

	Support system recovery
	Following mission success or failure the system must enable retrieval.

	Allow safe disposal
	The system must enable safe disposal/abandonment at the end of its lifecycle.


[bookmark: _Toc228549685]3.2 Functional Importance 
3.2.1 QDF 1
To determine the importance of each function, a QFD technique has been utilised. This was conducted by comparing the weighted requirements (from the pairwise comparison) with the identified functions and determining the characteristics of the relationship between them. Figure 5 shows the results of QFD 1. (See Appendix B for QFD 1 scoring).
3.2.2 Functional Importance Graph

[bookmark: _Ref228179731][bookmark: _Toc228549721]Figure 5 – Functional Importance Graph 
3.2.3 Functional Importance
QFD 1 calculated that the most important function was deploying followed by moving. This was as expected since without these two functions the operation would not be capable. The least important function was said to be support system recovery. This correlates as the system can still perform the task without being recoverable.
4. [bookmark: _Toc187060316][bookmark: _Toc228549686]Concept Derivation and Design Choices 
[bookmark: _Toc228549687]4.1 Function Means Analysis (FMA)



[image: ]

An FMA is a tool used by designers to identify means that will produce a system function. To conduct an FMA multiple methods of achieving a specific function are suggested. These methods are then selected (with regards to one another) and transformed into a concept(s). The means suggested for each function are as stated in Figure 6 .
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[bookmark: _Ref228253618][bookmark: _Toc228549722]Figure 6 – Output of FMA 


[bookmark: _Toc228549688]3.2 Design Selection 
3.2.1 Concepts 
Multiple concepts were derived from the FMA.
3.2.1.1 Unmanned Ground Vehicle (UGV)
An initial concept of a large UGV with a plough attached to the front was generated. This system would identify the mines by simply encountering them. The plough would push the explosive to one side, thereby creating a path that would allow the convoy through. Due to it being unmanned if a blast were to damage the equipment, no user would be in close enough proximity to be badly hurt. 
[image: ] [image: ]
[bookmark: _Toc228549723]Figure 7 - UGV [12]                                                                                          Figure 8 – Plough [13]

3.2.1.1.1 Advantages 
Remote operation keeps soldiers away from explosive danger. The plough creates a level path for convoy to drive through. Simple technologies would require minimal integration work.
3.2.1.1.2 Disadvantages 
For the system to be effective it would have to be large, this does not comply with requirements. Multiple systems would be required in case of damage to the initial system. This system also does not neutralise the mines, therefore explosive may be left for hostiles to use or for civilians to get hurt by.
3.2.1.1.3 FMA - UGV
[image: ]
[bookmark: _Toc228549724]Figure 9 – FMA UGV
3.2.1.2 Drone-Based Clearance System 
An ariel detection concept was suggested. This would consist of a drone that could carry equipment such as a magnetometer or a ground penetrating RADAR (GPR). The drone would be controlled via an umbilical; this would also be how the drone communicated the location of the mines to the user. To neutralise the mine the drone would carry a thermite composition with a pull lead, time initiator attached. The drone would also have back-up power in the form of a battery accompanied by a homing function to aid in a situation in which the umbilical became severed.
[image: Drone Ground-Penetrating Radar Transforms Archaeological Searches From Civil War Graves To Ancient Maya Cities]
[bookmark: _Toc228549725]Figure 10 – Drone carrying GPR [14]
3.2.1.2.1 Advantages 
Minimises soldier exposure to explosive threats by being controlled remotely. Dual sensing available, thus increasing reliability that all mines have been neutralised. Umbilical prevents hacking or EMR interference. Thermite is a pyrotechnic not an explosive, therefore the risk of furnishing hostile/civilians with explosive is eliminated.
3.2.1.2.2 Disadvantages 
Multiple drones required for operation to be fast paced, consequently initial cost will be high.
3.2.1.2.3 FMA – Drone-Based System 
[bookmark: _Toc228356330][bookmark: _Toc228435738][bookmark: _Toc228535887][bookmark: _Toc228549689][image: ]
[bookmark: _Toc228549726]Figure 11 – FMA Drone Based Clearance System
3.2.1.3 High-Tech UGV
A concept using new technology was identified. The idea was a semi-automated, semi remote-controlled device that had a number of legs, each with GPR and lidar sensors attached to identify mines. The device would carry a directed energy weapon (such as a shaped charge) to neutralize the identified mine. The device would utilise technologies such as AI stabilisation and voice command to limit work for EOD team.
[image: The MX-Phoenix hexapod robot project]
[bookmark: _Toc228549727]Figure 12 – Multi legged UGV [15]
3.2.1.3.1 Advantages 
Easy to use meaning that minimal training for soldiers would be required. Highly unlikely for device to get damage due to its ability to identify mines with each leg. 
3.2.1.3.2 Disadvantages 
Technologies are still in development meaning a large amount of integration work would be required. The brief states that rapid move in in a necessity, thus this does not comply. Voice activated command allows room for error, accents and languages may pose a threat.
3.2.1.3.3 FMA – High Tech UGV
[image: ]
[bookmark: _Toc228549728]Figure 13 – High-Tech UGV FMA
3.2.2 Pugh Matrix 
A Pugh matrix tool facilitates with decision making. It allows designers to compare several concepts against each other to determine which one best meets a set of criteria [16]. The method is based off each concept being compared to a baseline. If the concept is better, worse, or the same as this baseline, it is recorded. A score is calculated accordingly, with the highest scoring concept being selected. To determine which concept should be carried forward for this system, a Pugh Matrix was used. The results of the Pugh suggested that the drone-based concept be carried through. (See Appendix C for Pugh matrix).
3.2.2.1 Advantages 
The Pugh matrix is a simple method that only asks the user to compare one thing against another. Breaking the problem down like this prevents the designer from getting overwhelmed when selecting a design. The method allows for traceability within the design process, and reasoning behind design choices can be identified in the future. 
3.2.2.2 Disadvantages 
The robustness of this method may be hindered by the low resolution of the weighting scale [17]. A similar score may be given for two systems that, with a varied scoring system, would have larger differences. A more complex scoring matrix may allow for the higher scoring designs to be better evaluated.
5. [bookmark: _Toc228549690]Possible Failure Modes and Critical Design Features 
Once a concept has been selected, the possible failure modes and critical features of the design must be identified. 
[bookmark: _Toc228549691]5.1 Design Failure Mode and Effects Analysis (DFMEA)
DFMEA is a specialised failure mode and effects analysis tool that is conducted during the design phase of a product. By using the technique engineers can identify any weak points of the product design during the early product design stages [18]. 
5.1.1 Advantages 
Early identification allows for engineering controls to be put in place before a design freeze/chill has been implemented. The process provides a record of the thought process behind design decisions. 
5.1.2 Disadvantages 
The process is time-consuming and labour intensive; attention is taken away from the rest of the design process for the task to be completed. Accurate and in-depth knowledge of the system is necessary for the tool to provide a reasonable outcome. 
5.1.3 REDPATH DFMEA 
The DFMEA identified that the design needed to ensure that the quantities of thermite composition were correct. It emphasised the importance of knowing the tolerances for the thermite formulation as well as the quality of the material. (The full DFMEA can be seen in Appendix D). 
[bookmark: _Toc228549692]5.2 QFD 2
QFD 2 is used to evaluate the relationships between the function means and each of the functions. It quantifies the dependencies of each means to the overall system function.
5.2.1 Advantages 
Feature importance can be ranked and therefore critical features of the system can be identified. The process carries the weightings from the previous tools used to give an answer that is best suited for the entire system.
5.2.2 Disadvantages 
In depth knowledge of failure modes of the system is required to conduct. Difference in opinions may lead to differing results. 
5.2.3 Results of QFD 2
The results of QFD 2 show that assembling the system is the most important means followed by the remote control and the tamper indicators. Figure 14 shows the ranking of each of the features. (See appendix E for full QFD 2)
[image: ]
[bookmark: _Ref228533571][bookmark: _Toc228549729]Figure 14 – Feature Importance Graph 
[bookmark: _Toc228549693]5.3 Noises and Controls 
Noises are factors that may have effects on systems/processes. Controls are measures put in place to prevent and mitigate the adverse effects of noise factors on the system. This was done for the entire system but for this report the focus is on the mine neutralisation sub-system.
5.3.1 P Diagram 
A parameter diagram (also known as a P diagram) is a tool for identifying and recording inputs and outputs of a system while considering factors that are both controlled and uncontrolled. The P Diagram for the neutralization system can be seen in Figure 15.
5.3.2 What Why Table 
A “what why” table (in this context) compares the relationship between the noise factors identified from the P diagram and the controls selected to mitigate the factors. From this table, two graphs are produced. One that provides information regarding the level of impact that each control has on the overall system and another that informs on the relative importance of the noise factors see Figure 16. (See Appendix H for what why table).

[image: ]
[bookmark: _Ref228362030][bookmark: _Toc228549730]Figure 15 – P Diagram Thermite 

[bookmark: _Ref228362780][bookmark: _Toc228549731]Figure 16 – Noise and Control Factor Charts 
5.3.4 Analysis of Results 
Storage conditions of the thermite materials have been considered as the most significant control factor. Based off this, greater consideration surrounding this topic must be taken. The noise factors that proved to be the most important to control were the granular size of the metal powders and conditions in which the material is stored in.
6. [bookmark: _Toc228549694]Manufacturing 
[bookmark: _Toc228549695]6.1 Manufacturing Process 
Due to components such as the drone and the igniter being commercial off the shelf (COTS) products, the process being designed is for the manufacture of the thermite composition.
6.1.1 Manufacturing Requirements

[image: ]
[bookmark: _Toc228549732]Figure 17 – Manufacturing Requirements 

6.1.2 Process steps 
The steps required to complete manufacture, from procurement to use, are laid out in a process map in Figure 18.


[bookmark: _Ref228367659][bookmark: _Toc228549733]Figure 18 – Process map 
6.1.2.1 Process Step Importance 
6.1.2.1.1 Manufacturing QFD 1
The QFD tool can be used to prioritise process steps. The relationship between manufacturing functions and manufacturing steps are evaluated at this stage resulting in a process importance chart. 
6.1.2.1.2 Most Important Steps 
The most important step as identified by manufacturing QFD 1 is weighing out the metals. This is followed by the assembling the thermite and drone and receiving the goods initially. (See Appendix F for full matrix).
6.1.2.1.3 Process Importance Chart

[bookmark: _Toc228549734]Figure 19 – Process Importance Chart 
6.1.3 Process FMA and Concepts 
Means of achieving the process functions were thought of and two process concepts were developed. For both processes the metals are to be stored and processed separately. They will be weighed into incremental bags and shipped to the field separately. It is here that they will be mixed by a soldier via shaking the two metals in a bag and then assembled with the igniter and attached to a drone. No waste is expected to be produced during the manufacturing stage apart from the PPE gloves and anything that has been vacuumed at the end. If any metal waste is apparent, it can be recycled. Aluminium powder does not require special handling if not mixed with other metals. The FMA for the process steps can be seen in Figure 20.
[image: ] 
[bookmark: _Ref228426890][bookmark: _Toc228549735]Figure 20 – Process FMA
6.1.3.1 By Hand 
The operators would need to move the metals from their storage area via pallet truck or forklift truck (FLT). They would then check the temperature and humidity of the building using a thermometer and hygrometer before putting on their own PPE. The metals are then hand sieved and weighed on a 2 decimal place balance before being packaged into the transport vessel. The operator will then clean up the area with a vacuum, before moving the metal to storage or to be delivered. 
6.1.3.2 Automated Process
In this process a conveyor belt would transport the metals from storage area to process area. An operator would be required to check the temperature and humidity of building prior to this and would be needed to oversee the operation. This process would require a single operator to oversee and clean multiple processes. A machine would pour the granular metals through a sieve onto a weighing scale. The scales would then calculate how much metal powder to dispense into the incremental bags. Given that the weight is correct the conveyor will take the bag to the transfer vessel. Rejects will be sent to a different area to be sorted and reworked by operators. At the end of the shift the operator can vacuum the equipment.
6.1.3.3 Chosen Concept 
A Pugh matrix was once again utilised to decide which concept would be the better choice for manufacturing the system.  The automated process scored a -10 against hand weighing, this was due to multiple factors including high implementation costs and having no advantage on repeatability. (See Appendix G for matrix)
6.1.4 Manufacturing QFD 2
A second manufacturing QFD is completed at the stage. This QFD evaluates the relationships between the process functionality, and the process means to identify the importance of each means of process function. The results are seen in Figure 21 and they show that the FLT is the most important means for the process followed by hand weighing on a 2 decimal place balance. This process allows for bottle necks in processes to be identified early on so that controls can be put in place to prevent any detrimental impact they may have on the output of the system. (See Appendix F for full matrix).
6.1.4.1 Means Importance Graph
[image: ]
[bookmark: _Ref228428044][bookmark: _Toc228549736]Figure 21 – Process Means Importance Graph 
[bookmark: _Toc228549696]6.2 Critical Process Steps 
6.2.1 Manufacturing QFD 3
Manufacturing QFD 3 relates important design features to process techniques and calculates the process technique importance for each stage of processing. Figure 22 shows that shaking the powders in the bag is the most important process technique, followed by storing and transporting the metal powder in a suitable transport vessel. (See Appendix F for full QFD 3 matrix).

[bookmark: _Ref228431063][bookmark: _Toc228549737]Figure 22 – Process Technique Importance 
6.2.2 Key Noises and Controls 
6.2.2.1 Key P Diagram
A P diagram can be used at this point in the process design to identify noises and controls for the process. The results of which can be inputted into a what why table thereby evaluating which process controls are most significant for the process. See Figure 23 for P diagram of noises and controls.
[image: ]
[bookmark: _Ref228429870][bookmark: _Toc228549738]Figure 23 – Key P Diagram 
6.2.2.2 Key Controls and Noises Graph
The what why table indicated that supervision would have the most pivotal effect on controlling the system. As seen in Figure 24. The key noise identified as needing controlling was the worker see Figure 25. (See Appendix H for what why table).

[bookmark: _Ref228430016][bookmark: _Toc228549739]Figure 24 – Key Controls Chart
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[bookmark: _Ref228431253][bookmark: _Toc228549740]Figure 25 – Key Noise Chart
[bookmark: _Toc228549697]6.3 Process Control Measures
6.3.1 Manufacturing QFD 4
This QFD assesses the relationship surrounding the manufacturing process requirements and the production/quality requirements. This assesses the impact that the process selected has on the design and, hence, has on the requirements set by the customer. The results show a large reliance on regular training in order to achieve customer requirements. 
[image: ]
[bookmark: _Toc228549741]Figure 26 – Process Control Importance 
6.3.2 Process Failure Mode and Effects Analysis (PFMEA)
A PFMEA is a systematic approach for identifying and addressing potential failure points within a process [19]. To conduct a PFMEA, an engineer must identify any potential failure modes within each process step. These failure modes are then ranked due to: the severity of if the event were to happen, the likelihood of occurrence, and the likelihood that the product fault would be detected before it was sent to a customer and used. The PFMEA for this design calculated that the highest risk part of the process was spilling the metal during mixing in field. As this has been identified early in the process design, preventative measures can be engineered and put in place to stop anyone from getting hurt and ensuring that the product functions as expected. (See Appendix I)
6.3.2.1 Advantages
PFMEA supports the practice and philosophy of problem prevention as well as continuous improvement for processes [20]. By using a PFMEA likely accidents are thought about prior to them happening. This not only increases safety of the product and process, but it also protects the reputation of the manufacturing company. 
6.3.2.2 Disadvantages 
A timely process that requires an in-depth knowledge of the product as well as the manufacturing process. 
7. [bookmark: _Toc228549698]Disposal 
Initial disposal plans get produced via the customer requirements. These are then passed on to the contractors who propose a disposal management plan in response to requirements set by the MoD. These proposals are then subject to a design review and any changes that need to be made are and thus an updated disposal management plan can be produced and put into service. Once this has been achieved disposal of products that are damaged beyond repair can take place in line with the approved plan. In service reviews are required to keep the plan current. Once the product has reached its end of life it can be formally decommissioned following the disposal plan.

[bookmark: _Toc228549742]Figure 27 – Disposal Lifecycle [21]
8. [bookmark: _Toc228549699]Conclusion
To conclude, the QFD toolset provides a structured and traceable plan for system development. It translates customers’ needs into quantifiable engineering requirements that can be carried through the entire development process. The approach reduces the risk of requirements being misinterpreted while supporting the designer to make informed trade-off decisions. The use of all systems engineering tools to design a mine detection device and manufacturing process strengthened the credibility of the design.
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Initial Disposal Management Plans


End of Life Disposal


Scope Requirements


Design Reviews


Finalise Disposal Management Plan


Deliver Disposal Management Plan


In Service Reviews


Requirement Importance Graph 

The user requires that the system shall be simple to use	The user requires that the system shall be safe to use	The user requires that the system should be easy to maintain	The logistics team requires that the system should be of manageable size and weight when packaged for transport	The customer requires that the system shall operate in a desert environment	The design team requires that the system shall withstand bullet and fragment attack	The environmental impact of the manufacturing process must be kept to a minimum.	The enivronmental impact of the disposal of the system must be kept to a minium	The legislative body requires that the system must conform to all the revelent standards, eg  International Mine Action Standards, COSHH, REACH, ADRM, STANAGs, Def Stans and HSE	The system must be disposed of in accordance with the revelent standards	The legislative body requires that the transportation and storage of the system must conform to all the revelent standards, eg  International Mine Action Standards, COSHH, REACH, ADRM, STANAGs, Def Stans and HSE	The legislative body requires that the manufactuing process must conform to all the revelent standards, eg  International Mine Action Standards, COSHH, REACH, ADRM, STANAGs, Def Stans and HSE	The user requires that the system shall identifiy M15 HE mines and OZM-72 AP mines	The user requires that the system shall communicate the location of the M15 HE mines and OZM-72 AP mines	The user requires that the system shall clear M15 HE mines and OZM-72 AP mines	The customer requires that the system should have a high mechanical reliability	2.0934355618136622	6.2882898293120615	2.1733632897984236	1.9010606052204972	6.9690254704123644	4.2607294117673407	2.2224056292096925	1.9010606052204972	12.105035088352633	3.8527331081757903	5.898171892910514	8.1282383128712059	13.175096453311653	13.792748070885771	11.874061773489435	3.3645448972484768	


QFD 1 Functional Importances
Deploy into operational area	Operate in desert environment	Withstand kinetic attack	Interface with energy source	Receive command	Move	Identify mines	Communicate location of mines	Neutralise Mine	Support system recover	Allow safe disposal 	530.73660170949927	269.68340136943254	225.05060043502743	484.86506303577005	498.76259426891943	518.07013098625748	431.9324782412333	247.52361440058499	281.86792313943897	97.671710397889527	213.9317639916344	#REF!	


Control Factors
Design Drawings	Material Suppliers	Manufacturing Process	Storage Conditions 	Training	36	81	96	111	33	0	0	0	0	0	Design Drawings	Material Suppliers	Manufacturing Process	Storage Conditions 	Training	36	81	96	111	33	0	0	0	0	0	


Noise Factors
Material Quantity 	Material Specs	Material Quality	Granular size	Handling	Explosive Deterioration	Storage Conditions	Metal Deterioation/Rust 	Temperature	Humidity	Wind	Sabotage	30	27	27	63	12	27	63	30	18	18	9	33	


Process Importances Chart
Recieve Goods	Transfer to storage	Move materials to process building 	Check temp and humidity of  building 	Put on PPE	Sieve Metals 	Weigh out metal	Package for transport	Store	Transport	Mix in field	Assemble 	273	126	181	83	123	235	363	173	67	93	151	281	0	0	0	0	#REF!	


Process Techniques
FLT	Thermometer and Hygrometer 	Dressing self	By hand using specific granular size sieve	hand weighed on 2d.p balance	In dry area 	In transport vessles 	Shake in a bag 	Hand Assembly	40	50	45	80	80	110	125	140	75	


Key Controls

Regular Training 	Supervision 	Equipment Calibration	Shift Hand over	Regular cleaning 	Temperatur and humidity check	Work load assessments 	weight reconfermation 	Material testing 	Planned Maintenance 	145	325	90	230	150	155	165	65	90	145	#REF!	
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