


[bookmark: _Toc199498137]Executive Summary
As technology has developed the complexity of ordinance, munitions and explosive systems has followed suite increasing the difficulty of their effective design and manufacture. This has highlighted significant shortcoming in traditional design techniques which look to develop systems understanding throughout the design process, often resulting in direction changes or re-designs mid project. This report presents the alternate design ethos of systems engineering, where systems understanding is frontloaded to ensure a right-first-time design process. To demonstrate the benefits of this approach a case study is explored, using the system engineering toolset to design a munition capable of neutralizing embedded hostile communication centres. This begins at the system level before focusing down to the critical component and exploring its manufacture. In doing so this report highlights how systems engineering ensure accuracy in critical components ultimately delivering successful systems.
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[bookmark: _Toc199498140]1.0 Introduction
	Historically the design of complex systems has been underpinned by the ethos of iterative development through trial and error. This, however, often leads to sub-par products being initially delivered harming relationships with customers and inducing costly redesign programs. This report aims to demonstrate, and champion, the alternate approach of systems engineering, which prioritises producing the right product, right first time, thus reducing the overall lifetime cost and providing customer satisfaction. 
Systems engineering is a transdisciplinary approach covering a wide range of processes [1] which look to engineer a product methodically at all levels whilst ensuring decision making is traceable back to the original system requirements [2]. This builds upon the wider concept of systems thinking, which was defined by its originator, Barry Richmond, as:
“The art and science of making reliable inferences about behaviour by developing an increasingly deep understanding of underlying structure” [3].
In this report the advantages of systems engineering are demonstrated through a practical design task in which an article of Ordnance, Munition or Explosive capable of meeting the following mission brief is developed:
“Neutralise a hostile communications centre whilst causing minimal collateral damage to the rest of the building structure or potential occupants.” (Developed collaboratively during group work)
Due to the iterative nature of systems engineering and its focus on traceability, the full systems engineering workflow used, shown in Figure 1, is too detailed to discuss in this format. As such, this report focuses on key areas within the workflow which highlight fundamental systems engineering practices and give an understanding of how these techniques can be more broadly applied in systems design.
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[image: ][bookmark: _Ref199489344][bookmark: _Toc199498152]Figure 1- A process flow diagram for the full systems engineering process applied to the design case study


[bookmark: _Toc199498141]2.0 Analysing Requirements
[bookmark: _Hlk197977358]As discussed above, a key idea in system engineering is the traceability of design decisions back to the customers original requirements. This is critical as it ensures designers always prioritise the customers’ needs and helps guide decisions and the allocation of resources in a direction which ensures a satisfactory product [4]. In the design case study presented here, the requirement management workflow presented in Figure 2 was applied.
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[bookmark: _Ref199489654][bookmark: _Toc199498153]Figure 2 - Requirement management workflow as utilised within the engineering case study.

[bookmark: _Hlk197977364]This workflow shows that the requirement’s gathering process does not end with the primary customer. This is because, systems engineers understand that for a product to be a success, all stakeholders interacting with the system through its lifetime must also have their requirements met. Further to this, the process of collecting additional requirements helps to prevent “Assumed” requirements from being missed and potential “Delighters” from being overlooked.
Systems engineers have multiple tools available to them to identify these additional stakeholders. The first of these used in the case study was a system boundary map [5], as shown in Figure 3.
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[bookmark: _Ref199489835][bookmark: _Toc199498154]Figure 3 - Systems boundary map for proposed design solution (Developed with Group)



This map shows where the system fits within its operational environment and begins to highlight potential stakeholders. Here for example, the map identifies that the system has stakeholders ranging from the operator all the way through to the level of UK and international governance. This, however, only provides a top-level overview so can be supplemented by a stakeholder influence map [6] as shown in Figure 4.
[image: ]
[bookmark: _Ref199490174][bookmark: _Toc199498155]Figure 4 - Case study systems influence map (Developed with Group)


[bookmark: _Hlk197977372]The stakeholder influence map expresses in more detail the interactions between stakeholders including the flow of information and resources between groups. This helps engineers to identify potential requirement pathways and key stakeholders which must be consulted to develop the requirement set. In this case study the key stakeholders identified are shown in Table 1.
[bookmark: _Ref199490275][bookmark: _Toc199498195]Table 1 - Key stakeholders as identified for the presented case study
	Key Stakeholders:
	Description:

	User
	Final User Group assigned to use the system to complete the mission - e.g. British Army infantry squad 

	Command/Tasking Authority
	Command Authority who have deemed the mission necessary and tasked the user. - e.g. Army HQ

	Procurement Body
	Procurement body who are responsible for purchasing systems and planning through-life support - e.g. DE&S

	Supply Chain & Logistics
	Logistics body responsible for storing, transporting & distributing in-service systems.

	Manufacturer(s)
	Single or Multiple manufacturers tasked with manufacturing the final system.

	Legislative Bodies
	Authorities providing legislative oversight ito the system's design, manufacture, through-life management and usage. E.g. HSE, DOSR, ADR, IATA etc



[bookmark: _Hlk197977377]Having identified the key stakeholders to gather requirements from, systems engineers must then exploit a wide range of requirement collection methods to develop their requirement set. These can range from interviews with stakeholders to Gemba visits [7], where system operations are observed. The key however, it to use a range of methods and tailor them to the stakeholder type, to ensure maximum value is extracted and no requirements are missed. In this case study, an affinity diagram task was conducted. Here all stakeholders suggested requirements before these were categorised based on their theme. These results can be seen in Figure 5. 
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[bookmark: _Ref199490536][bookmark: _Toc199498156]Figure 5 - Affinity diagram grouping customer requirements (Developed with Group)
Performing this exercise helps to reduce the duplication of requirements whilst providing an early insight into potential key requirements, those which occur most frequently. Having collected a set of these rough requirements, systems engineers must then formulate them into a formal requirement set. Here requirements are made specific but non-solutional ensuring creativity can be maintained during the early stages of the design process. This was performed for the case study and is presented in Table 2.
[bookmark: _Ref199490742][bookmark: _Toc199498196]Table 2 - Complete refined requirement set for presented case study (Developed with Group)
	Originator
	Requirement

	User, Command/Tasking Authority, Procurement Body, Logistics/Supply Chain, Manufacturer(s), Legislative Bodies
	All key stakeholders require that the system must adhere to all relevant regulations & legislation (REACH, UK, International)

	User, Command/Tasking Authority, Procurement Body, Logistics/Supply Chain, Manufacturer(s), Legislative Bodies
	All key stakeholders require that the system must be safe throughout the product life cycle (Manufacture to Target or Disposal Sequence)

	User, Command/Tasking Authority, Logistics/Supply Chain
	The Command/Tasking Authority, User and the Logistics body all require that the system shall be resistant to the environmental conditions specified within the mission brief (AOP 15A, specified as N. Europe)

	User, Command/Tasking Authority, Procurement Body
	The Command/Tasking Authority, User and Procurement body require that the system shall successfully neutralise the target specified within the mission brief

	Command/Tasking Authority, Procurement Body
	The Command/Tasking Authority and Procurement body require that the system may be capable of being used against a range of alternative targets

	User, Command/Tasking Authority, Legislative Bodies
	The Command/Tasking Authority, User and Legislative Bodies require that the system's terminal effect(s) shall be contained within the target location specified in the mission brief. 

	User, Command/Tasking Authority
	The Command/Tasking Authority and User require that the system shall be able to be deployed at a minimum distance of 100m from the intended target

	User, Command/Tasking Authority, Procurement Body
	The Command/Tasking Authority, User and Procurement Body require that the system shall function within its specified performance requirements (TBC) during TBC% of deployments.

	Command/Tasking Authority, Procurement Body, Logistics/Supply  Chain
	The Command/Tasking Authority, Procurement Body and Logistics body require that the system shall have a shelf life of X years (TBC)

	User, Command/Tasking Authority
	The Command/Tasking Authority and User require that the system shall be easy to operate, requiring minimal training (X hours per annum)

	User, Command/Tasking Authority
	The Command/Tasking Authority and User require that the system shall be rapidly deployable within X minutes.

	User, Command/Tasking Authority, Logistics/Supply Chain
	The Command/Tasking Authority, User and Logistics Body require that the system shall be transportable to the specified firing location, without mechanical assistance, by the 5-man mission team.

	User, Command/Tasking Authority
	The Command/Tasking Authority and User require that the system should be capable of being utilised operationally by the minimum number of personnel necessary.

	Command/Tasking Authority, Procurement Body, Manufacturer(s)
	The Command/Tasking Authority, Procurement Body and Manufacturer require that the system should be cost effective throughout the product life cycle (Manufacture to Target or Disposal Sequence), approximately similar cost-per-shot to NLAW (£30-40k)

	User, Logistics/Supply Chain, Manufacturer(s)
	The User, Logistics Body and Manufacturer require that the system shall be easily identifiable throughout the product lifecycle (Manufacture to Target or Disposal Sequence)

	User, Command/Tasking Authority, Legislative Bodies
	The Command/Tasking Authority, User and Legislative Bodies require that the system's terminal effects should cause minimal harm to any occupants within the target location specified in the mission brief.

	Procurement Body, Manufacturer(s)
	The Procurement Body and Manufacturer require that the system will be constructed utilising technology and components manufacturable within the UK economy.

	Command/Tasking Authority, Procurement Body, Logistics/Supply Chain
	The Command/Tasking Authority, Procurement Body and Logistics Body require that the system should be interoperable with current UK and NATO military equipment and infrastructure.

	Procurement Body, Logistics/Supply  Chain, Manufacturer(s), Legislative Bodies
	The Procurement Body, Logistics Body, Legislative Bodies and Manufacturer require that the system shall, at end-of-life, be capable of being broken down to a point where the remaining components can be safely disposed of.



[bookmark: _Hlk197977388]At this stage requirement must also be supplemented with target values. These provides key performance metrics for each requirement which is crucial for ensuring success against these targets is measurable. The importance of these will be demonstrated later as they flow down into the decision-making process.
The final stage within the requirement gathering and analysis process is the ranking of requirements with respect to relative importance. This is crucial for systems engineers, as within the design process compromises must be made, so it is important to ensure these prioritise the key requirements allowing concessions only to be made where the customer will feel it least. One effective method for this is a pairwise comparison task [8] which is presented for the case study in Figure 6. 


[image: ][bookmark: _Ref199491197][bookmark: _Toc199498157]Figure 6 - Pairwise comparison of requirements as conducted for case study (Developed with Group)


It should be noted that in this table those requirements which are legally mandated, e.g. Those surrounding safety regulations are not included. This is because, they may never be compromised on so will always outrank the other user requirements. Once complete the importance of each requirement can clearly be identified. In this case study these are highlighted in green and show the minimisation of collateral damage to be most critical followed by efficacy and reliability.
The role of requirements does not end here however, and as will be shown throughout this report, this requirement set alongside their ranked importance will be crucial for underpinning future decision making. Further to this, requirements are not just gathered at the top level of the system, with this process also occurs at the sub-system level, Figure 7, being informed here by this initial requirement set, and at the manufacturing level, Figure 8. This continual gathering and analysis of requirements helps to strengthen to underpinning focus of the design process ensuring the systems engineer always works in the interest of the customer and associated stakeholders.
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[bookmark: _Ref199491328][bookmark: _Toc199498158]Figure 7 - Requirement gathering process at the Sub-System Level
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[bookmark: _Ref199491338][bookmark: _Toc199498159]Figure 8 - Requirements gathering process at the Manufacturing System Level


[bookmark: _Toc199498142]3.0 Exploring System Functionality
[bookmark: _Toc199498143]3.1 Determining System Functionality
One of the most challenging aspects of systems engineering is thinking about the problem from the perspective of requirements and not being influenced or guided by historical or current solutions. To assist with this approach, before solutions are generated, systems engineers use the requirements and mission brief to identify the generic function a system must perform regardless of how it achieves them. This process, as conducted for this case study, is presented in Figure 9.
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[bookmark: _Ref199491709][bookmark: _Toc199498160]Figure 9 - Process flow for the determination of system functionality

As demonstrated in Figure 1 and Figure 9 some functionality may stem from Fucntional System Requirements. This, however, is very rarely comprehensive. As such, systems engineers must engage in exercises to explore and understand any additional functionality. This can often be achieved through discussions with the customer, market research of current system solutions or talking through the flow of the systems operation with end users. One particularly powerful tool is a functional flow diagram [9] as presented for the case study in Figure 10.


[image: A diagram of a process

AI-generated content may be incorrect.]   [bookmark: _Ref199492005][bookmark: _Toc199498161]Figure 10 - Generic functional flow for proposed case study system (developed with Group)

In a functional flow diagram, the systems operation is broken down into its most fundamental steps with the condition of the system before and after a function being denoted.  This ensures systems engineers can logically trace the systems functions from initiation to mission completion, ensuring every necessary step is taken. Fucntional flow maps also help to identify emergent behaviours and functions. These are undesirable system conditions which may require additional functionality to manage. Examples of these are coloured orange and must be identified to ensure the system operates effectively without unforeseen design weaknesses.
Although functional flows do assist in the identification of emergent behaviours they only focus on those produced during standard operation and do not consider emergent behaviour due to failure. As such, systems engineers must also exploit a tool known as a Functional Failure Mode and Effect Analysis (FFMEA) [10], [11], [12] as shown in Figure 11.



[image: ]
[bookmark: _Ref199492181][bookmark: _Toc199498162]Figure 11 - FFMEA conducted for the system functionality of Generating Motive Force


FFMEA prompts systems engineers to explore the five fundamental failure modes possible for each function, in detail, assessing their effect on the system, severity, likelihood of occurrence and potential for detection. In doing so each failure mode is assigned a Relative Priority Number (RPN) and designers are prompted to make suggestion on how this may be improved [11]. These improvements may be process controls, which will be discussed later in this report, or additional functions which must be added to the functional flow. The example given in Figure 11 for the generation of motive force, highlights this on multiple occasions suggestions additional functionality to check electronic circuit integrity prior to operation and locational fusing to prevent premature detonation. 
As Figure 9 shows, the process of determining system functionality is highly iterative with the identification of emergent behaviours and additional functions themselves requiring further analysis to explore emergence and failure behaviours. Further to this, the process of determining functionality does not stop at the system level and must be replicated at the sub-system level, when engineering individual components, and when engineering manufacturing systems.
[bookmark: _Toc199498144]3.2 Evaluating System Functionality
The vast nature of a systems functionality means that equal resources cannot be granted to each and instead a method is required to highlight which functions have the most impact on system performance. This is a complex process linking both the requirements and the system functionality as shown in Figure 12.
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[bookmark: _Ref199492428][bookmark: _Toc199498163]Figure 12 - Applied process flow for determining the importance of system functionality


The heart of this process is a tool known as Quality Function Deployment (QFD) which directly ranks the correlation between the performance of a given function and the realisation of system requirements [13]. This technique is highly effective as it means the decisions made are directly traceable to the customers’ requirements. This process as conducted for the case study is shown in Figure 13. 
[image: ]
[bookmark: _Ref199492815][bookmark: _Toc199498164][bookmark: _Ref199707391]Figure 13 - QFD exercise as conducted for the requirements and functions identified in the case study (Developed with Group)
In this QFD table functions are ranked either 1,3 or 9 denoting a weak, medium or strong influence on the requirements. It should be noted some requirements, in blue, are universally important so for ease are removed from the QFD exercise. Then for each function the correlations are multiplied by the importance of the requirements, from Pairwise Comparison, and summed to give the importance of the function. The results of this, Figure 14, then outline the key functionality.


[image: ]
[bookmark: _Ref199492754][bookmark: _Toc199498165]Figure 14 - Results of case study QFD 1 (developed with Group)
Figure 14 clearly shows that the ability to infiltrate the target alongside the delivery of the terminal are the most critical function. This insight is invaluable to systems engineers as it highlights that engineering resources should be focused around this key area and will play a key role in future decision making. 
The QFD process also prompts engineers to explore specifications for the discussed functionality. This is shown in the “How Much” section at the south of Figure 13 and looks to provide preliminary indications of how well a function must be performed to meet the requirement. This can help to inform the selection of design solutions alongside the development of testing plans.
Much like the functional analysis process QFD 1 is also conducted at all levels of the system from the top level as shown above to the sub-system level and all the way through to the manufacturing system. Discussions surrounding these results are however, are outside the scope of this work.   


[bookmark: _Toc199498145]4.0 Proposing Systems Solutions
Having determined the systems functionality systems engineers are then in a strong position to start developing candidate system solutions. It is still important here to avoid leaning heavily into existing solutions or design prejudices and as such a divergent convergent approach is advised. Here designers first diverge generating a wide range of imaginative solutions unrestrained by factors such as compatibility, technical readiness or convention. Then designers work with these generated ideas to converge on candidate solutions, pulling together the system until a concept is produced which meets the customers’ requirements. This was achieved in the case study using the flow shown in Figure 15.
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[bookmark: _Ref199492916][bookmark: _Toc199498166]Figure 15 - Process flow for developing system solutions

The first tool used in this process is a Function Means Analysis (FMA) [14] which is the crucial divergent stage of the solution generation process. Here each function is considered in turn with groups of engineers proposing every conceivable solution to that specific function without constraint. Once this is completed the divergent stages begin. Firstly, the solutions are screened based on exclusion criteria. This aims to eliminate solutions which could never be used in the product and often revolves around Cost, Technical Readiness or Safety. This leaves only feasible solutions and from here system concepts are generated. To do so engineers work through each function selecting potential solutions which would work well together to produce a concept ready for further evaluation. This FMA process was conducted for the case study as shown in Figure 16.


[image: ][bookmark: _Ref199493259][bookmark: _Toc199498167]Figure 16 - Functional Means Analysis for case study system (Developed with Group)

During this process three system concepts were propose. These were a Robotic Quadruped, Quadcopter Drone and Loitering Munition as depicted in Table 3.
[bookmark: _Ref199493356][bookmark: _Toc199498197]Table 3 - Depiction of initial design concepts
	Robotic Quadruped [15]
	Quadcopter Drone [16]
	Loitering Munition [17]
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Having generated a range of potential systems solutions, engineers must then further down select to a final preferred concept. It is important however, to make sure this down selection is traceable back to the customer requirements and is not influenced by the design team opinions. One effective method to achieve this is a System Pugh Matrix [18] where each solution is comparatively ranked based on its ability to meet the customers’ requirements. Here one solution is set as the baseline and subsequent system are ranked based on whether they would better meet the requirement, +1 for a little, +2 for a lot, or if they would be worse, the negative equivalents. Much like a QFD the score for each requirement is multiplied by the requirements importance, from Pairwise Comparison, and summed to give the final score.
For the case study in question the three design solutions were tested under three independent engagement scenarios, which were generated after specialist consultancy. This aimed to ensure the proposed solution was versatile and could achieve the mission objective under any circumstances. These results are presented in Figure 17, Figure 18 and Figure 19.
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[bookmark: _Ref199493914][bookmark: _Toc199498168]Figure 17 - Pugh matrix results under offensive scenario 1 (Developed with Group)
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[bookmark: _Ref199493915][bookmark: _Toc199498169]Figure 18 - Pugh matrix results under offensive scenario 2 (Developed with Group)

[image: ]
[bookmark: _Ref199493917][bookmark: _Toc199498170]Figure 19 - Pugh matrix results under offensive scenario 3 (Developed with Group)

As can be seen from the results above, the Quadcopter Drone concept won out in two out of three scenarios. This showed the concept to be the most promising but highlighted that aspects of the other concepts held merit and needed to be considered. This prompted the design team to take these learnings and re-work through the functionality determination and concept development phase as shown in Figure 20. 
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[bookmark: _Ref199494010][bookmark: _Toc199498171]Figure 20 - Concept development and refinement process flow

The results of the tools used for this re-design are given in Figure 21 through to Figure 25. Detailed analysis of these results however, is beyond the scope of this work.

[image: ]
[bookmark: _Ref199495037][bookmark: _Toc199498172]Figure 21 - QFD 1 as repeated for solution refinement (Developed with Group)
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[bookmark: _Toc199498173]Figure 22 - Result of QFD 1 as repeated for solution refinement (Developed with Group)


[image: ][bookmark: _Toc199498174]Figure 23 - FMA task as completed for solution refinement (Developed with Group)
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[bookmark: _Toc199498175]Figure 24 - Pugh Diagram results for refined solution in offensive scenario 2 (Developed with Group)

[image: ]
[bookmark: _Ref199495044][bookmark: _Toc199498176]Figure 25 - Pugh Diagram results for refined solution in offensive scenario 3 (Developed with Group)


This redesign process resulted in a finalised design concept ready to be taken forward for further analysis. This concept consisted of a low-cost single use quadcopter drone controlled by an advanced mission command tablet. This tablet contains the brain of the system being the most complex and expensive element. To reduce the cost this would be re-usable and designed to integrate with a wide range of customer UAV platforms.  Communication between the tablet and drone is handled by satellite, radio or fibre optic signals allowing operation in all environments including contested electromagnetic landscapes. To aid the detection of the hostile antenna systems the drone system is equipped with a suite of visual, thermal and electromagnetic radiation sensors to ensure the target was identified and neutralised quickly. Finally, to vary the potential applications of this system the warhead was designed to be modular allowing a range of terminal effects to be equipped including differing explosive warheads, reconnaissance packages or electronic warfare systems providing an increased capability for the end user. A visual representation of this system is presented in Figure 26 and Figure 27.
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[bookmark: _Ref199495374][bookmark: _Toc199498177]Figure 26 - Visual representation of proposed design concept produced by L. Hartley
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[bookmark: _Ref199495388][bookmark: _Toc199498178]Figure 27 - Visual representation of camera and warhead modules produced by L. Hartley
[bookmark: _Toc199498146]5.0 Determining Criticality
[bookmark: _Toc199498147]5.1 identifying the Critical Component
	Having proposed a design solution, systems engineers must then begin the process of understanding the technical risks present within the system, and how these may be reduced. Part of this process is the determination of criticality in the system. Criticality refers to aspects of the design, or of components, which underpin the systems performance and as such must be effective engineered and manufactured. 
The identification of criticality must occur at all levels of the system as shown in the case study. Here criticality analysis was first used to identify the critical sub-system (Warhead Sub-System), then the critical sub-system component (Initiation Sub-System) and then the critical aspects of this component. For all these levels the process for determining criticality utilises the same fundamental tools so to highlight their influence this report specifically focuses in on determining the critical component in the initiation sub-system and the factors influencing its performance. The full workflow for this is shown in Figure 28.
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[bookmark: _Ref199495360][bookmark: _Toc199498179]Figure 28 - The process workflow used to determine the component criticality at the sub-system level

The first tool available to systems engineers is Quality Function Deployment Two (QFD 2) [13]. This tool functions in much a similar way to QFD 1 but now compares the proposed system solutions to the required system functionality. This process as conducted for the case study is shown in Figure 29.
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[bookmark: _Ref199495520][bookmark: _Toc199498180]Figure 29 - The QFD 2 process as performed on the initiation sub-system (Developed with Group)

By scoring these relations in the same manner as QFD 1 systems engineers gain two key insights. The first is whether all required functions are met which is shown by at least one link between each function and solution. The second is an overall ranking of the importance on each component of the solution, which can be seen in Figure 30.
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[bookmark: _Ref199495598][bookmark: _Toc199498181]Figure 30 - Results of the QFD 2 task conducted on the initiation sub-system (Developed with Group)

For the case study in question this shows the critical components of the initiation sub-system to be the Low Density PETN Initiator Pellet and the RDX Booster Pellet. In this example however, these two components are closely matched meaning it can be challenging to choose which to prioritise. As such, system engineers may also use secondary techniques such as an N2 analysis [19].
In an N2 analysis the system solutions are formulated into a matrix along its leading diagonal. Then for each pair of solutions the system is analysed to understand if there is a relation between there function. If a function feeds into another the box above the diagonal is populated and if a return signal is sent the box bellow is also. After having filled this matrix the number of relations for each solution is totalled. This process as conducted for the case study is shown in Figure 31.

[image: ]
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[bookmark: _Ref199495840][bookmark: _Toc199498182]Figure 31 - N2 analysis as conducted for the initiator sub-system (Developed with Group)


By performing an N2 analysis systems engineers can easily understand which component in the system has the most interactions. In many cases this component will be the most critical as a failure here would lead the subsequent failure of the many solution components. In this case study the Low Density PETN Initiator Pellet was identified as having the most system interactions suggesting its criticality and agreeing with QFD2. N2 analysis, however, does not consider the importance of individual interactions and as the RDX Booster Pellet interacted with the main warhead fill, a crucial function, this was still selected as the most critical component to be taken forward for further analysis.
[bookmark: _Toc199498148]5.2 Exploring Critical Noises and Controls
Having narrowed down the focus to a singular component, systems engineers may then conduct in-depth analysis of the factors influencing this components performance. This aims to help engineers understand where technical risk resides within the component and underpins efforts for controlling these through design and manufacturing controls. 
The first stage of this process is identifying the influencing factors. These may be intentional control factors decided by the design team or noise factors. Noise factors may then be split further based on their source covering external noises from the environment, unit-to-unit noise caused by probabilistic variance or even noises caused by deterioration of equipment or controls. To ensure all these factors are considered systems engineers may use a tool known as a Parameter (P) Diagram [14], as shown for the case study in Figure 32.
[image: ]
[bookmark: _Ref199496052][bookmark: _Toc199498183]Figure 32 - P-Diagram as conducted for the critical component - RDX Booster Pellet (Developed with Group)
In a P-Diagram the control and noise factors are considered based on their influence on the components ability to take in the signal factor and produce the end effect. Using this structured tool helps ensure no factors are missed and allows side effects to be identified and considered, identifying also emergent behaviour that must be managed. 
Having identified influencing factors engineers must then work to prioritise these and ensure resources are allocated to address the most pressing. This can be achieved through conducting a What-Why Table [14] as presented for the case study in Figure 33.
[image: ][bookmark: _Ref199496358][bookmark: _Toc199498184]Figure 33 - What-Why table as conducted to evaluate the importance of noises and controls for the critical component (Developed with Group)

On the west of this table are the control factors and side effects, each ranked based on the RPN system discussed previously.  Then listed to the north are the noise factors. Much like a QFD exercise the table then scores the relationship between each noise and control indicating strong, medium and weak links. The exercise concludes by summing the scores for each noise and control providing a ranking of their importance as demonstrated in Figure 34 and Figure 35.




[image: A graph with blue bars

AI-generated content may be incorrect.]
[bookmark: _Ref199496485][bookmark: _Toc199498185]Figure 34 - Results from the What-Why analysis showing the critical controls (Developed with Group)
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[bookmark: _Ref199496489][bookmark: _Toc199498186]Figure 35 - Results from the What-Why analysis showing the critical noises (Developed with Group)

Here the high scoring controls, Material Quality and Pellet Geometry, are those most influenced by the noises and as such require special attention. Whilst the high scoring noises, deterioration in equipment and RDX density, are those which influence the controls most and again need special attention. Identifying these factors during this exercise is critical for manufacturing success as it then allows engineers to ensure they are managed sufficiently and will not go onto to negatively influence the performance of the final product. 


[bookmark: _Toc199498149]6.0 Establishing Control
Although the establishment of control can, and is, achieved through the careful design of a system, it is fundamentally underpinned by the ability of a manufacturer to produce the product to the required specification. As such, the establishment of control will be discussed here in specifically in relation to the manufacturing process for the RDX Booster Pellet.
Before looking at how control may be established however, a manufacturing methodology must be proposed. This is achieved through the same process as systems design from requirement gathering, to functional analysis and concept proposition as outlined previously in Figure 1. 
Once the manufacturing process has been confirmed system engineers may then begin to explore how this specific manufacturing solution will influence the key control and noises previously identified for the critical component, RDX Booster Pellet. This analysis is best conducted using the Quality Function Deployment 3 (QFD3) [13], tool which is presented for the case study in Figure 36.
[image: ]
[bookmark: _Ref199496768][bookmark: _Toc199498187]Figure 36 - QFD 3 as completed on the proposed manufacturing process for RDX Pellets (Developed with Group)
Here to the west of the matrix flows down the key noises and controls identified for the crucial components within the criticality analysis phase. Alongside this comes their importance ensuring their priority rating is traceable back to the original requirements. Then the north of the matrix is populated with the proposed manufacturing solution. As with other QFD exercised the relationships within the matrix are scored based on their correlation and after multiplying through the feature importance and summing the results rankings are given to the solution components, as shown in Figure 37.
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[bookmark: _Toc199498188][bookmark: _Ref199749277]Figure 37 - Results from QFD 3 showing the most critical solutions (Developed with Group)
This table shows engineers which aspects of the manufacturing solution have the most impact on the critical features of the critical component and hence must be explored further to ensure accuracy and minimise variability. In this case study this most important manufacturing solution is the digital scales used to weigh out the material due to its influence on factors such as pellet mass, geometry and energetic content. 
Having identified this critical manufacturing solution system engineers must then look back to explore the factors which may influence the performance of this process. This utilised the same tools used to explore criticality in a system component, including a P-Diagram, Figure 38, to identify influencing factors, and a What-Why table to explore their importance, Figure 39. 


[image: ]
[bookmark: _Ref199497091][bookmark: _Toc199498189]Figure 38 - P-Diagram for the critical process step of weighing the material with a digital balance (Developed with Group)


[image: ][bookmark: _Ref199497102][bookmark: _Toc199498190]Figure 39 - What-Why table for the critical process step of weighing the material with a digital balance (Developed with Group)

The result of this analysis can again be visualised in the form of graphs, denoting the significance of each Control and Noise factor on the variability in the manufacturing process. These are shown in Figure 40 and Figure 41.
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[bookmark: _Ref199497559][bookmark: _Toc199498191]Figure 40 - Results of What-Why analysis showing the most critical process controls (Developed with Group)
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[bookmark: _Ref199497561][bookmark: _Toc199498192]Figure 41 - Results of What-Why analysis showing the most critical process noises (Developed with Group)

These graphs show for the manufacturing solution of a digital scale, used to fulfil the function of weighing out the correct mass of material, the critical factors to control in the scale are the waste generated during weighing, the calibration of the scales and their accuracy. As a designer this would significantly influence the selection of the specific digital scales to be used as the chosen set must prioritise low waste production, high accuracy and reliable calibration in line with these results. The later of these graphs also identifies the key noises influencing the performance of the digital scales. These include, calibration shifts over time, equipment degradation and operator competency amongst many others. Identifying these factors, however, only highlights where the challenges lie, so to ensure they are resolved systems engineers must analyse methods for controlling and mitigating their effect.
This analysis can be challenging, and the proposal of process controls is best achieved by groups of Subject Matter Experts (SME’s) with prior knowledge of tackling these challenges. Any solution proposed however, would require resources and time to implement and as such systems engineers must determine which will be most effective to allow the efficient allocation of resources. One popular tool for performing this is Quality Function Deployment 4 (QFD4) [13] as shown for the case study in Figure 42.
[image: ][bookmark: _Ref199497720][bookmark: _Toc199498193]Figure 42 - QFD 4 process showing the relationship between proposed process controls and the most critical process controls and noises (Developed with Group)

To the west of this matrix lies the key controls as identified through the What-Why analysis. Added to this however is a Relative Priority Number [11], [12] which as discussed earlier considers the Difficulty, Frequency, Severity and Detectability of the variance. The addition of this factor ensures that the most challenging variances to control are preferentially weighted. Then the north of the matrix is populated with the suggested process controls. As with all other QFD tasks the relationships are determined within the matrix allowing the relative importance of each process control to be determined as presented in Figure 43 .
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[bookmark: _Ref199498270][bookmark: _Toc199498194]Figure 43 - Results of QFD 4 highlighting the process control measures with the most importance for controlling the critical noises and controls (Developed with Group)
Analysis of this graph clearly shows three key process controls that must be implemented to ensure variance in the manufacture of the RDX pellet is controlled. The first of these is a robust maintenance schedule. This aims to control the noises associated with equipment degradation which was highlighted as a key noise factor in previous analysis. The second is implementing a pre-start inspection routine. This has many advantages but fundamentally looks to ensure that any faults in the equipment or process are identified prior to manufacture reducing the likelihood of defects and helping to reduce waste. The final key process control is regular calibration testing. This ensures the digital scales are always accurate again lighting strength with the identified hey control factors.
Through implementing this systems engineering process designers and manufacturers can understand how best to control the variance within the systems manufacture whilst prioritising the allocation of resources, ultimately ensuring the system is delivers to the required quality and cost. 


[bookmark: _Toc199498150]7.0 Conclusion
	This report has clearly shown how systems engineering can be successfully utilised to ensure the efficient design of complex systems both by explaining the logic behind the process steps and through practically demonstrating these in the form of a case study. It has been highlighted that this process is highly logical but due to its iterative nature can become itself a complex approach requiring methodical program management to ensure the traceability of decision making. Despite this however, its advantages are un-disputable.
For the case study in question system engineering allowed for the identification of a robust requirement set ensuring that the system is suitable not just for the requester but also for the full expanded stakeholder portfolio. Systems engineering then allowed these requirements to be rationalised and ranked, being used to underpin all subsequent decisions.
Through exploring functionality systems engineering ensured that the design team was not pinned into current ways of thinking and could be imaginative proposing innovative solutions. Failure mode and emergent behaviour analysis supported this also, ensuring potential design weaknesses were detected and rectified early preventing ensuring success.
The divergent-convergent solution proposition process then allowed for a range of innovative solutions to be developed and ranked highlighting the need for further development. In many traditional approaches this would require the redesign of the system and manufacturing process but systems engineering this can all done on paper at minimal expense.
It was then demonstrated how system engineering identifies criticality at all levels of the system. This ensures resources are allocated onto the noises and controls with the grates impact of the system performance reducing cost whilst championing quality products.
Finaly, it was shown how the system engineering process can be used to help engineers understand which process controls will be most effective, ensuring these are applied to produce a quality first manufacturing process.
In doing all this, this report also highlights how, without technically designing or building a signal component, system engineering can be used to develop a rounded system concept with sufficient technical depth ready for further analysis. This is almost unique to systems engineering and is why in the complex modern design landscape it stands out as an innovative and leading approach.     
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Pairwise comparison of requirements



1 = No Preference, Reciprocal = 1

2 = Slight Preference, Reciprocal = 0.5

5 = Preference, Reciprocal = 0.2

9 = Strong preference = 0.11



The Command/Tasking Authority, User and the 

Logistics body all require that the system shall be 

resistant to the environmental conditions specified 

within the mission brief (AOP 15A, specified as N. 

Europe)

The Command/Tasking Authority, User and 

Procurement body require that the system shall 

successfully neutralise the target specififed within the 

mission brief

The Command/Tasking Authority and Procurement 

body require that the system may be capable of being 

used against a range of alternative targets

The Command/Tasking Authority, User and Legislative 

Bodies require that the system's terminal effect(s) 

shall be contained within the target location specified 

in he misssion brief. 

The Command/Tasking Authority and User require 

that the system shall be able to be deployed at a 

minimum distance of 100m from the intended target

The Command/Tasking Authority, User and Procurement Body require that the system shall function within its specified performance requirements (TBC) during TBC% of deployments.

The Command/Tasking Authority, Procurement Body 

and Logistics body require that the system shall have 

a shelf life of X years (TBC)

The Command/Tasking Authority and User require 

that the system shall be easy to operate, requiring 

minimal training (X hours per annum)

The Command/Tasking Authority and User require 

that the system shall be rapidly deployable within X 

minutes.

The Command/Tasking Authority, User and Logistics 

Body require that the system shall be transportable to 

the specified firing location, without mechanical 

assistance, by the 5-man mission team.

The Command/Tasking Authority and User require that the system should be capable of being utilised operationally  by the minimum number of personnel 

necessary. The Command/Tasking Authority, Procurement Body 

and Manufacturer require that the system should be 

cost effective throughout the product life-cycle 

(Manufacture to Target or Disposal Sequence), 

approximately similar cost-per-shot to NLAW (£30-

40k)

The User, Logistics Body and Manufacturer require 

that the system shall be easily identifiable throughout 

the product lifecycle (Manufacture to Target or 

Disposal Sequence)

The Command/Tasking Authority, User and Legislative 

Bodies require that the system's terminal effects 

should cause minimal harm to any occupants within 

the target location specified in the mission brief.

The Procurement Body and Manufacturer require that the system will be constructed utilising technology and 

components manufacturable within the UK economy.

The Command/Tasking Authority, Procurement Body 

and Logistics Body require that the system should be 

interoperable with current UK and NATO military 

equipment and infrastructure.

The Procurement Body, Logistics Body, Legislative 

Bodies and Manufacturer require that the system 

shall, at end-of-life, be capable of being broken down 

to a point where the remaining components can be 

safely disposed of.

Row Product

nth root of row product

Total Normalised

1

The Command/Tasking Authority, User and the Logistics body all require that the system shall 

be resistant to the environmental conditions specified within the mission brief (AOP 15A, 

specified as N. Europe)

1 2 9 0.11 2 1 0.2 0.2 0.2 0.2 0.2 0.5 1 2 0.5 2 9 1.14E-02 0.77 3

2

The Command/Tasking Authority, User and Procurement body require that the system shall 

successfully neutralise the target specififed within the mission brief

0.5 1 9 0.2 5 1 5 5 5 5 5 1 1 9 5 9 9 5.13E+07 2.84 11

3

The Command/Tasking Authority and Procurement body require that the system may be 

capable of being used against a range of alternative targets

0.11 0.11 1 0.11 0.11 0.11 2 2 0.5 0.5 0.2 1 0.11 1 0.5 2 0.5 1.77E-07 0.40 2

4

The Command/Tasking Authority, User and Legislative Bodies require that the system's 

terminal effect(s) shall be contained within the target location specified in the misssion brief. 

9 5 9 1 5 1 9 5 9 9 9 9 5 5 9 9 9 1.09E+13 5.85 24

5

The Command/Tasking Authority and User require that the system shall be able to be 

deployed at a minimum distance of 100m from the intended target

0.5 0.2 9 0.2 1 1 5 5 5 5 5 5 1 9 5 5 5 3.16E+06 2.41 10

6

The Command/Tasking Authority, User and Procurement Body require that the system shall 

function within its specified performance requirements (TBC) during TBC% of deployments.

1 1 9 1 1 1 5 5 5 5 5 5 1 5 5 5 9 1.58E+08 3.04 12

7

The Command/Tasking Authority, Procurement Body and Logistics body require that the 

system shall have a shelf life of X years (TBC)

5 0.2 0.5 0.11 0.2 0.2 1 2 2 2 2 0.11 0.5 2 5 9 2 3.48E-01 0.94 4

8

The Command/Tasking Authority and User require that the system shall be easy to operate, 

requiring minimal training (X hours per annum)

5 0.2 0.5 0.2 0.2 0.2 0.5 1 0.2 0.2 0.2 0.2 0.5 5 2 2 5 1.60E-04 0.60 2

9

The Command/Tasking Authority and User require that the system shall be rapidly deployable 

within X minutes.

5 0.2 2 0.11 0.2 0.2 0.5 5 1 5 5 0.2 0.5 5 2 2 5 5.50E+00 1.11 4

10

The Command/Tasking Authority, User and Logistics Body require that the system shall be 

transportable to the specified firing location, without mechanical assistance, by the 5-man 

mission team.

5 0.2 2 0.11 0.2 0.2 0.5 5 0.2 1 5 5 1 5 2 5 5 2.75E+01 1.22 5

11

The Command/Tasking Authority and User require that the system should be capable of 

being utilised operationally  by the minimum number of personnel necessary.

5 0.2 5 0.11 0.2 0.2 0.5 5 0.2 0.2 1 0.2 0.2 5 5 5 5 5.50E-02 0.84 3

12

The Command/Tasking Authority, Procurement Body and Manufacturer require that the 

system should be cost effective throughout the product life-cycle (Manufacture to Target or 

Disposal Sequence), approximately similar cost-per-shot to NLAW (£30-40k)

2 1 1 0.11 0.2 0.2 9 5 5 0.2 5 1 0.5 5 9 9 1 4.01E+02 1.42 6

13

The User, Logistics Body and Manufacturer require that the system shall be easily identifiable 

throughout the product lifecycle (Manufacture to Target or Disposal Sequence)

1 1 9 0.2 1 1 2 2 2 1 5 2 1 5 9 9 5 2.92E+05 2.10 8

14

The Command/Tasking Authority, User and Legislative Bodies require that the system's 

terminal effects should cause minimal harm to any occupants within the target location 

specified in the mission brief.

0.5 0.11 1 0.2 0.11 0.2 0.5 0.2 0.2 0.2 0.2 0.2 0.2 1 5 0.2 0.5 3.87E-09 0.32 1

15

The Procurement Body and Manufacturer require that the system will be constructed utilising 

technology and components manufacturable within the UK economy.

2 0.2 2 0.11 0.2 0.2 0.2 0.5 0.5 0.5 0.2 0.11 0.11 0.2 1 5 0.2 4.26E-08 0.37 1

16

The Command/Tasking Authority, Procurement Body and Logistics Body require that the 

system should be interoperable with current UK and NATO military equipment and 

infrastructure.

0.5 0.11 2 0.11 0.2 0.2 2 0.5 0.5 0.2 0.5 1 0.11 5 5 1 5 3.33E-04 0.62 3

17

The Procurement Body, Logistics Body, Legislative Bodies and Manufacturer require that the 

system shall, at end-of-life, be capable of being broken down to a point where the remaining 

components can be safely disposed of.

0.11 0.11 2 0.11 0.2 0.11 0.5 0.2 0.2 0.2 0.2 1 0.2 2 5 0.2 1 1.87E-08 0.35 1

1.08964E+13 24.83881615 100
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Date

No 1

Author

Checked

Issue 1

On System Seen by Customer D

Mission Failure, re-

pack or demil muntion 

and end mission.

2 4 8 64

System fails to leave 

launch site, initiation 

sequence continued, 

terminal effect 

delivered at launch 

site.

8 3 8 192

System is 

overpowered and 

becomes unstable.

System looses 

controle on route and 

crashes before 

reaching target. 

(Terminal effect 

activates worst case)

8 5 8 320

System reaches 

target with excessive 

velocity.

System overshoots 

target coliding with / 

damaging surounding 

building. (Terminal 

effect activates worst 

case)

8 3 8 192

System overpressure 

/ overforce causing 

componet failure.

System explodes / 

breaks up creating 

fragmentation, fire and 

impact risk

9 2 8 144

System Fails to reach 

target and crashes

System looses 

controle on route and 

crashes before 

reaching target. 

(Terminal effect 

activates worst case)

8 5 8 320

3 8 144

2 8 96

Trust variation cannot 

be controlled causing 

system instability

8 5 8 320

System Fails to reach 

target and crashes

8 2 8 128

Functional Failure Mode Evaluation and Analysis

System Project Trojan 

O - Probability of Occurrence 1: Very Rare → 10: Frequent 17/02/2025

S - Severity of Occurrence 1: No Effect → 10: Most Severe Leo O. Smith

D - Probability of Detection 1: Certain Detection → 10: No Detection Group

Function Functional Failure Mode

Effects

S Causes

No motive force

The system does not 

leave the launch site.

Add in a Low 

Voltage Ohmeter to 

check the 

resistance of all 

electronic circuits 

prior to system use. 

Ensure adaquate 

safety systems to 

ensure wahead 

cannot function 

before reaching 

the designated 

target.

O

Detection/Prevention

RPN Design Suggestions/Comments

Current Method

Visual Dammage 

Asssesment

X-Ray articles periodicaly to ensure no 

cracks form. Qualify motor for 

environmental conditions expected. 

Only use during service life. Test for 

combustion instability during design.

Quality control at 

factory. Proof every 

batch of propellant 

to check energetic 

properties.

Ensure adaquate 

safety systems to 

ensure wahead 

cannot function 

before reaching 

the designated 

target.

Generate Motive 

Force

Failure in initation 

system, be that 

energetic, 

electronic or inert 

components.

Visual Dammage 

Asssesment

X-Ray articles periodicaly to idenitfy 

the formation of any cracks in 

energetics or system faults.

Failure in the 

Motive force 

provider be that 

electronic 

components 

burning out, 

energtic materials 

being dammaged, 

or mechanical 

components 

breaking

Visual Dammage 

Asssesment

Wrong motive force

Under voltage of 

electronic 

propulsion 

components.

Visual Dammage 

Asssesment

Reduncancy is electronic control 

circuits including secondary power 

suply in the event of a failure. Low 

Voltage Ohmeter to check  circuit 

condition.

Bellow avergage 

energtic 

performance 

(Quality Control)

Visual Dammage 

Asssesment

Too much motive force

Dammage to 

energetic 

increasing 

Surface are and 

burn rate

Visual Dammage 

Asssesment

X-Ray articles periodicaly to ensure no 

cracks form. Qualify motor for 

environmental conditions expected. 

Only use during service life.

Quality control at 

factory. Proof every 

batch of propellant 

to check energetic 

properties.

Ensure adaquate 

safety systems to 

ensure wahead 

cannot function 

before reaching 

the designated 

target.

Over voltage of 

electronic 

propulsion 

components. 

Visual Dammage 

Asssesment

Overvoltage protection in motor 

circuits, Redundant motor controlers,   

Low Voltage Ohmeter to check  circuit 

condition.

 Above avergage 

energtic 

performance 

(Quality Control)

Visual Dammage 

Asssesment

Too little motive force

System fails to fulfil 

penetraction and 

terminal effect phase

System delivers 

terminnal effect 

outside building failing 

mission and 

endangerinf civilians

Dammage to 

energetic or 

combustion 

instability causing 

incomplete 

combustion

6

Intermittent motive force

System looses 

controle on route and 

crashes before 

reaching target. 

(Terminal effect 

activates worst case)

Dammage to 

electronic control 

circuits leeding to 

motor miss 

management.

Visual Dammage 

Asssesment

Dammage to 

energetic 

materials leading 

to inconsistent 

combustion.

Visual Dammage 

Asssesment

X-Ray articles periodicaly to ensure no 

cracks form. Qualify motor for 

environmental conditions expected. 

Only use during service life. 

Reduncancy is 

electronic control 

circuits. Low 

Voltage Ohmeter to 

check  circuit 

condition.

Quality control at 

factory. Proof 

every batch of 

propellant to 

check energetic 

properties.

Not aplicable as a "Wrong" Motive Force would fall under one of the above catagories.
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Stabilise System
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Make safe

Manage dud

Disposal

Customer Requirements

Target Values

The Command/Tasking Authority, User and the Logistics body all require that 

the system shall be resistant to the environmental conditions specified within 

the mission brief (AOP 15A, specified as N. Europe)

3

3 3 9 1 9 3 3 3 1 As specified in AOP 15a

The Command/Tasking Authority, User and Procurement body require that the 

system shall successfully neutralise the target specififed within the mission 

brief

11

9 9 As specified in Mission Brief

The Command/Tasking Authority and Procurement body require that the 

system may be capable of being used against a range of alternative targets

2

9 3 3 9 9 9 Specification TBD

The Command/Tasking Authority, User and Legislative Bodies require that the 

system's terminal effect(s) shall be contained within the target location 

specified in the misssion brief. 

24

3 9 9 3 3 3 As specified in Mission Brief

The Command/Tasking Authority and User require that the system shall be 

able to be deployed at a minimum distance of 100m from the intended target

10

3 1 9 9 9 Miniumn distance of 100m +/- 5%

The Command/Tasking Authority, User and Procurement Body require that the 

system shall function within its specified performance requirements (TBC) 

during TBC% of deployments.

12

3 Specification TBD

The Command/Tasking Authority, Procurement Body and Logistics body 

require that the system shall have a shelf life of X years (TBC)

4

3 9 9 9 3 3 Specification TBD

The Command/Tasking Authority and User require that the system shall be 

easy to operate, requiring minimal training (X hours per annum)

2

3 1 9 1 9 9 9 3 3 9 1 1 3 Training Hours per annum TBD

The Command/Tasking Authority and User require that the system shall be 

rapidly deployable within X minutes.

4

3 9 1 9 3 9 9 3 3 Specification TBD

The Command/Tasking Authority, User and Logistics Body require that the 

system shall be transportable to the specified firing location, without 

mechanical assistance, by the 5-man mission team.

5

Must adhere to Manual Handling Operations Regulations 

1992 - exact limitations TBD

The Command/Tasking Authority and User require that the system should be 

capable of being utilised operationally  by the minimum number of personnel 

necessary.

3

3 1 9 1 3 1 9 1 1 1

Must adhere to Manual Handling Operations Regulations 

1992 - exact limitations TBD

The Command/Tasking Authority, Procurement Body and Manufacturer require 

that the system should be cost effective throughout the product life-cycle 

(Manufacture to Target or Disposal Sequence), approximately similar cost-per-

shot to NLAW (£30-40k)

6

Approximately similar cost-per-shot to NLAW (£30-40k)

The User, Logistics Body and Manufacturer require that the system shall be 

easily identifiable throughout the product lifecycle (Manufacture to Target or 

Disposal Sequence)

8

9 1 1 1

Must adhere to identification requirements in DSA OME 

Regulations

The Command/Tasking Authority, User and Legislative Bodies require that the 

system's terminal effects should cause minimal harm to any occupants within 

the target location specified in the mission brief.

1

9 9 Specifications TBD

The Procurement Body and Manufacturer require that the system will be 

constructed utilising technology and components manufacturable within the UK 

economy.

1

1 Guidence provided by HMRC

The Command/Tasking Authority, Procurement Body and Logistics Body 

require that the system should be interoperable with current UK and NATO 

military equipment and infrastructure.

3

1 3 1 3 3 3 3 3 3 Specifications TBD

The Procurement Body, Logistics Body, Legislative Bodies and Manufacturer 

require that the system shall, at end-of-life, be capable of being broken down 

to a point where the remaining components can be safely disposed of.

1

Specification TBD

99 72 8 104 52 126 82 38 21 157 38 0 3 28 123 172 26 383 383 28 109 82 81

System correctly identified TBC% of the time in trials scenario.

Specification TBC (Solution Dependant) Specification TBC (Solution Dependant) Specification TBC (Solution Dependant)

User capable of identifying the system is ready TBC% of the 

time during trials.

Target can be aquired with an accuracy of TBC%

Specification TBC (Solution Dependant)

System to succesfully arm, first time in TBC% of scenarios.

Specification TBC (Solution Dependant)

Sufficient motive force as required to reach target provided in 

TBC% of deployments.

Recoil managed to a degree, such that the system is safe to 

use. Specification dependant on trials data.

To be managed via UK and NATO LegIslation

Heat dissapation rate of TBC KJ/Min to be achieved.

System to remain stabilised during operation in TBC% of 

deployments.

Specification TBC (Solution Dependant)

System to follow defined track to target with an accuracy of 

TBC%

Target correctly identifed on TBC% of deployments.

Ttarget to be infaltrated on TBC% of deployments.

Terminal effect performance to be determined vis practical 

trialing of simulant scenarios.

Specification TBC (Solution Dependant)

System to be made safe in TBC% of aborted deployments.

Specification TBC (Solution Dependant) Specification TBC (Solution Dependant)
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Identified as dependent on all functionality
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System Author Date 17/02/2025 Issue

Function

Identify System Barcode Labels Engravement Brail RFID Paperwork Colour Audio QR Code Paint

Elimination Criteria

Unpack System Manual Crane Robot Forklift Don't Unpacks Itself

Cost

Option 1 Robot Dog

Manage Waste Don't mange it Manual 2nd Party Fire Bury it Robot Don't generate waste

Technology

Option 2 Drone

Prepare system for 

use

Manual Robot Don't Prepare's its self 3rd Party Assistance

Safety

Option 3 Loitering Munition

Confirm system is 

ready

Indicator Lights Audio Don't Interactive Screen Test Launch

Haptic Feedback 

(Vibration)

Smell Time Mechanical Indicator Controller

Acquire target Operator Visual Co-ordinates Signal Detection AI Based Infrared RADAR

3rd Party ID (Airforce 

flares)

UV GPS

Aim system Manual Electric Hydraulic Pneumatic Electromagnetic Magnetic Don't Mechanical Robotic

Arm/Activate system Button Switch Key Interactive Screen AI Two Stage Arming Voice Biometrics Controller

Initiate system Percussion Cap Exploding Bridgewire Electric Initiator Electronic Control Unit Don't Igniter Manual Spark Flame

Generate motive 

force

Rocket Motor Electric Ducted Fan

Electrically driven 

propellers

Jet Engine Turbo Prop Engine Manual Propellant Charge Electro Magnetic Robot Dog

Mange recoil Don't manage it Recoilless System Don't Produce Recoil Gas Strut/Piston Muzzle Break Hydraulic Dampner Dampening Material Operator Technique

both green and blue

Manage noise PPE Don't Suppressor

Selected Components 

(quietest possible)

both blue and orange

Manage heat Heat Sheild Water Jacket Fans Air Cooled Don't Heat Exchanger Liquid Nitrogen Material Properties

Limit Operational 

Envrionment

both green  and orange

Stabilise System Fins Thrust Vectoring Rotatonal Stablisation Ailerons (wings) Training Wheels Gyroscopic stabilisation Active Instabliity Rollerons

All Three

Guide to target Lazer AI Camera Human Operator Thermal GPS Electromagnetic Seeking RADAR Don't Pre-planned Route Wire Guided

Move to target Moveable Fins Thrust Vectoring Propellars Gas Generator Manual Mechanical Electrical Fan Drag Based Air Break

Detect Target RADAR/SONAR Visual Manual Thermal Contact Time Altitude Co-ordinates GPS Lazer/LiDAR Electromagnetic Detection

Infiltrate/Penetrate 

target

Don't Blast Charge Kinetic Energy Directed Charge Balistic Projectile Fragmentation Robot Manual Fire Water Jet Laser

Deliver terminal 

effect

Blast Warhead Fragmentation Warhead Directed Energy Warhead Kinetic Energy Warhead Propelled Water Electronic Jammer

Electromagnetic Pulse 

Generator

Nuclear Warhead Magnet Fire

Robotic precision 

submunition

Pack system Manual Crane Robot Forklift Don't Packs Itself 3rd Party Team

Make safe Self Destruct Return to Firing Position Detonation Vertical Climb Submerge in Water Electronic Reset

Interuption of Detonation 

Train

Land in Position Stop Motion

Manage dud Manual Robot 3rd Party Team Don't

Demil Fire Bury it High Order Detonation Low Order Detonation Disassemble Military EOD Don't Self Destruct

Means



Solutions



Function Means Analysis

Project Trojan Emalie, John, Leo, Libbie, Alex
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Relative 

Importance Equal

Drone

Robot Dog

Loitering 

Munition

WHATs - Customer Requirements

The Command/Tasking Authority, User and the Logistics body all require that the 

system shall be resistant to the environmental conditions specified within the 

mission brief (AOP 15A, specified as N. Europe)

3.1

0 2 1

The Command/Tasking Authority, User and Procurement body require that the 

system shall successfully neutralise the target specified within the mission brief

11

0 -1 -2

The Command/Tasking Authority and Procurement body require that the system 

may be capable of being used against a range of alternative targets

1.6

0 -2 2

The Command/Tasking Authority, User and Legislative Bodies require that the 

system's terminal effect(s) shall be contained within the target location specified 

in the misssion brief. 

24

0 2 -2

The Command/Tasking Authority and User require that the system shall be able 

to be deployed at a minimum distance of 100m from the intended target

9.7

0 -2 1

The Command/Tasking Authority, User and Procurement Body require that the 

system shall meet the specified performance and reliability criteria as specififed 

within document TBC

12

0 -1 1

The Command/Tasking Authority, Procurement Body and Logistics body require 

that the system shall have a shelf life of X years (TBC)

3.8

0 1 0

The Command/Tasking Authority and User require that the system shall be easy 

to operate, requiring minimal training (X hours per annum)

2.4

0 1 -1

The Command/Tasking Authority and User require that the system shall be 

rapidly deployable within X minutes.

4.5

0 -2 0

The Command/Tasking Authority, User and Logistics Body require that the 

system shall be transportable to the specified firing location, without mechanical 

assistance, by the 5-man mission team.

4.9

0 -1 0

The Command/Tasking Authority and User require that the system should be 

capable of being set up, deployed and operated by the minimum number of 

personnel necessary.

3.4

0 0 0

The Command/Tasking Authority, Procurement Body and Manufacturer require 

that the system should be cost effective throughout the product life-cycle 

(Manufacture to Target or Disposal Sequence), approximately similar cost-per-

shot to NLAW (£30-40k)

5.7

0 -1 -2

The User, Logistics Body and Manufacturer require that the system shall be 

easily identifiable throughout the product lifecycle (Manufacture to Target or 

Disposal Sequence)

8.4

0 0 0

The Command/Tasking Authority, User and Legislative Bodies require that the 

system's terminal effects should cause minimal harm to any occupants within the 

target location specified in the mission brief.

1.3

0 0 -1

The Procurement Body and Manufacturer require that the system will be 

constructed utilising technology and components manufacturable within the UK 

economy.

1.5

0 0 0

The Command/Tasking Authority, Procurement Body and Logistics Body require 

that the system should be interoperable with current UK and NATO military 

equipment and infrastructure.

2.5

0 0 0

The Procurement Body, Logistics Body, Legislative Bodies and Manufacturer 

require that the system shall, at end-of-life, be capable of being broken down to 

a point where the remaining components can be safely disposed of.

1.4

0 2 1

Score: 0 -3.54752 -55.4373

Project Trojan - Scenario 1: Disrupt External Electricity Supply
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Relative 

Importance Equal

Drone

Robot Dog

Loitering 

Munition

WHATs - Customer Requirements

The Command/Tasking Authority, User and the Logistics body all require that the 

system shall be resistant to the environmental conditions specified within the 

mission brief (AOP 15A, specified as N. Europe)

3.1

0 2 1

The Command/Tasking Authority, User and Procurement body require that the 

system shall successfully neutralise the target specified within the mission brief

11

0 -2 2

The Command/Tasking Authority and Procurement body require that the system 

may be capable of being used against a range of alternative targets

1.6

0 -2 2

The Command/Tasking Authority, User and Legislative Bodies require that the 

system's terminal effect(s) shall be contained within the target location specified 

in the misssion brief. 

24

0 -2 -2

The Command/Tasking Authority and User require that the system shall be able 

to be deployed at a minimum distance of 100m from the intended target

9.7

0 -2 1

The Command/Tasking Authority, User and Procurement Body require that the 

system shall meet the specified performance and reliability criteria as specififed 

within document TBC

12

0 -2 1

The Command/Tasking Authority, Procurement Body and Logistics body require 

that the system shall have a shelf life of X years (TBC)

3.8

0 1 0

The Command/Tasking Authority and User require that the system shall be easy 

to operate, requiring minimal training (X hours per annum)

2.4

0 1 -1

The Command/Tasking Authority and User require that the system shall be 

rapidly deployable within X minutes.

4.5

0 -2 0

The Command/Tasking Authority, User and Logistics Body require that the 

system shall be transportable to the specified firing location, without mechanical 

assistance, by the 5-man mission team.

4.9

0 -1 0

The Command/Tasking Authority and User require that the system should be 

capable of being set up, deployed and operated by the minimum number of 

personnel necessary.

3.4

0 0 0

The Command/Tasking Authority, Procurement Body and Manufacturer require 

that the system should be cost effective throughout the product life-cycle 

(Manufacture to Target or Disposal Sequence), approximately similar cost-per-

shot to NLAW (£30-40k)

5.7

0 -1 -2

The User, Logistics Body and Manufacturer require that the system shall be 

easily identifiable throughout the product lifecycle (Manufacture to Target or 

Disposal Sequence)

8.4

0 0 0

The Command/Tasking Authority, User and Legislative Bodies require that the 

system's terminal effects should cause minimal harm to any occupants within the 

target location specified in the mission brief.

1.3

0 0 -1

The Procurement Body and Manufacturer require that the system will be 

constructed utilising technology and components manufacturable within the UK 

economy.

1.5

0 0 0

The Command/Tasking Authority, Procurement Body and Logistics Body require 

that the system should be interoperable with current UK and NATO military 

equipment and infrastructure.

2.5

0 0 0

The Procurement Body, Logistics Body, Legislative Bodies and Manufacturer 

require that the system shall, at end-of-life, be capable of being broken down to 

a point where the remaining components can be safely disposed of.

1.4

0 2 1

Score: 0 -121.361 -9.68171

Project Trojan - Scenario 2: External Mounted Antenna
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Relative 

Importance Equal

Drone

Robot Dog

Loitering 

Munition

WHATs - Customer Requirements

The Command/Tasking Authority, User and the Logistics body all require that the 

system shall be resistant to the environmental conditions specified within the 

mission brief (AOP 15A, specified as N. Europe)

3.1

0 2 1

The Command/Tasking Authority, User and Procurement body require that the 

system shall successfully neutralise the target specififed within the mission brief

11

0 -2 2

The Command/Tasking Authority and Procurement body require that the system 

may be capable of being used against a range of alternative targets

1.6

0 -2 2

The Command/Tasking Authority, User and Legislative Bodies require that the 

system's terminal effect(s) shall be contained within the target location specified 

in the misssion brief. 

24

0 -2 0

The Command/Tasking Authority and User require that the system shall be able 

to be deployed at a minimum distance of 100m from the intended target

9.7

0 -2 1

The Command/Tasking Authority, User and Procurement Body require that the 

system shall meet the specified performance and reliability criteria as specififed 

within document TBC

12

0 -2 1

The Command/Tasking Authority, Procurement Body and Logistics body require 

that the system shall have a shelf life of X years (TBC)

3.8

0 1 0

The Command/Tasking Authority and User require that the system shall be easy 

to operate, requiring minimal training (X hours per annum)

2.4

0 1 -1

The Command/Tasking Authority and User require that the system shall be 

rapidly deployable within X minutes.

4.5

0 -2 0

The Command/Tasking Authority, User and Logistics Body require that the 

system shall be transportable to the specified firing location, without mechanical 

assistance, by the 5-man mission team.

4.9

0 -1 0

The Command/Tasking Authority and User require that the system should be 

capable of being set up, deployed and operated by the minimum number of 

personnel necessary.

3.4

0 0 0

The Command/Tasking Authority, Procurement Body and Manufacturer require 

that the system should be cost effective throughout the product life-cycle 

(Manufacture to Target or Disposal Sequence), approximately similar cost-per-

shot to NLAW (£30-40k)

5.7

0 -1 -2

The User, Logistics Body and Manufacturer require that the system shall be 

easily identifiable throughout the product lifecycle (Manufacture to Target or 

Disposal Sequence)

8.4

0 0 0

The Command/Tasking Authority, User and Legislative Bodies require that the 

system's terminal effects should cause minimal harm to any occupants within the 

target location specified in the mission brief.

1.3

0 0 -2

The Procurement Body and Manufacturer require that the system will be 

constructed utilising technology and components manufacturable within the UK 

economy.

1.5

0 0 0

The Command/Tasking Authority, Procurement Body and Logistics Body require 

that the system should be interoperable with current UK and NATO military 

equipment and infrastructure.

2.5

0 0 0

The Procurement Body, Logistics Body, Legislative Bodies and Manufacturer 

require that the system shall, at end-of-life, be capable of being broken down to 

a point where the remaining components can be safely disposed of.

1.4

0 2 1

Score: 0 -121.361 36.1057

Project Trojan - Scenario 3: Going In Blind
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Identify Modular 

Components

Unpack System

Manage Waste

Set Up Drone

Communicate with 

Drone

Drone System Check

Check Warhead

Assemble System

Interface Drone and 

Warhead

Connection Check

Receive Target Data

Input Target Data

Create Route Plan

Physically Arm

Prepare for Launch

Generate motive force

Stabilise System

Navigate to target

Move to target

Identify exact target 

location

Lock onto Target

Fully Arm System

Make safe

Initiate system

Deliver terminal effect

Pack system Manage dud

Disposal

Blue = Functions identified or changed as soluion developed. 

Resulting in a change in function importances

Customer Requirements

Target Values

The Command/Tasking Authority, User and the Logistics body all require that 

the system shall be resistant to the environmental conditions specified within 

the mission brief (AOP 15A, specified as N. Europe)

3

1 9 9 1 9 9 3 9 9 1 As specified in AOP 15a

The Command/Tasking Authority, User and Procurement body require that the 

system shall successfully neutralise the target specififed within the mission 

brief

11

9 9 9 9 As specified in Mission Brief

The Command/Tasking Authority and Procurement body require that the 

system may be capable of being used against a range of alternative targets

2

3 9 3 1 1 Specification TBD

The Command/Tasking Authority, User and Legislative Bodies require that the 

system's terminal effect(s) shall be contained within the target location 

specified in the misssion brief. 

24

3 9 3 3 3 9 3 3 As specified in Mission Brief

The Command/Tasking Authority and User require that the system shall be 

able to be deployed at a minimum distance of 100m from the intended target

10

9 3 9 9 9 3 Miniumn distance of 100m +/- 5%

The Command/Tasking Authority, User and Procurement Body require that the 

system shall function within its specified performance requirements (TBC) 

during TBC% of deployments.

12

3 9 9 3 3 9 Specification TBD

The Command/Tasking Authority, Procurement Body and Logistics body 

require that the system shall have a shelf life of X years (TBC)

4

Specification TBD

The Command/Tasking Authority and User require that the system shall be 

easy to operate, requiring minimal training (X hours per annum)

2

3 1 3 3 3 9 3 1 3 3 1 9 9 1 1 3 1 Training Hours per annum TBD

The Command/Tasking Authority and User require that the system shall be 

rapidly deployable within X minutes.

4

3 9 1 9 1 1 9 3 1 1 1 1 1 Specification TBD

The Command/Tasking Authority, User and Logistics Body require that the 

system shall be transportable to the specified firing location, without 

mechanical assistance, by the 5-man mission team.

5

Must adhere to Manual Handling Operations Regulations 

1992 - exact limitations TBD

The Command/Tasking Authority and User require that the system should be 

capable of being utilised operationally  by the minimum number of personnel 

necessary.

3

3 1 3 1 1 9 9 1 1 1 1 1 1 1 1 1 1 1

Must adhere to Manual Handling Operations Regulations 

1992 - exact limitations TBD

The Command/Tasking Authority, Procurement Body and Manufacturer require 

that the system should be cost effective throughout the product life-cycle 

(Manufacture to Target or Disposal Sequence), approximately similar cost-per-

shot to NLAW (£30-40k)

6

Approximately similar cost-per-shot to NLAW (£30-40k)

The User, Logistics Body and Manufacturer require that the system shall be 

easily identifiable throughout the product lifecycle (Manufacture to Target or 

Disposal Sequence)

8

9 1 1 1

Must adhere to identification requirements in DSA OME 

Regulations

The Command/Tasking Authority, User and Legislative Bodies require that the 

system's terminal effects should cause minimal harm to any occupants within 

the target location specified in the mission brief.

1

9 9 3 3 9 Specifications TBD

The Procurement Body and Manufacturer require that the system will be 

constructed utilising technology and components manufacturable within the UK 

economy.

1

1 Guidence provided by HMRC

The Command/Tasking Authority, Procurement Body and Logistics Body 

require that the system should be interoperable with current UK and NATO 

military equipment and infrastructure.

3

1 3 9 3 3 3 Specifications TBD

The Procurement Body, Logistics Body, Legislative Bodies and Manufacturer 

require that the system shall, at end-of-life, be capable of being broken down 

to a point where the remaining components can be safely disposed of.

1

Specification TBD

99 63 8 57 186 125 125 134 130 128 3 15 34 15 10 115 28 118 186 410 183 6 97 177 336 16 82 81

System correctly identified TBC% of the time in trials scenario.

Specification TBC (Solution Dependant) Specification TBC (Solution Dependant)

Drone should be capable of being deployeed within TBC 

minuets

Communication with drone must be etablished and manitained 

through `the whole mission.

The user should be able to idenitfy the drone is ready and 

working corrects during TBC% of deployments.

Warhead condition must be checked with an accuracy of 

TBC%

Specification TBC (Solution Dependant)

Drone and Warhead should succefuly interfact on TBC% of 

connections.

User capable of identifying the system is ready TBC% of the 

time during trials.

Specification TBC

Target data should be inputable into the system within TBC 

number of minuets

Routeplan should be generated within TBC numnber of minuets.

The system must have atleast 1 manual arming mechanism.

Specification TBD

Sufficient motive force as required to reach target provided in 

TBC% of deployments.

System to remain stabilised during operation in TBC% of 

deployments.

Specification TBC 

System to follow defined track to target with an accuracy of 

TBC%

Target can be aquired with an accuracy of TBC%

The system must be able to locate the targets exact location in 

TBC% of location

System must have atleast one secondary arming system.

System to be made safe in TBC% of aborted deployments.

Specification TBC (Solution Dependant)

Terminal effect performance to be determined vis practical 

trialing of simulant scenarios.

Specification TBC (Solution Dependant) Specification TBC (Solution Dependant) Specification TBC (Solution Dependant)



 

Importance

What

How

How Much

Identified as dependent on all functionality

Identified as dependent on all functionality

Identified as dependent on all functionality

Identified as a Sub-system requirement due to architectual design choice
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System Author Date Issue

Function

Identify Modular 

Components

Engravement Colour Paint Lables Braille Scanner Voice ID QR code Barcode

Elimination Criteria

Unpack System Manual Robot  Crane No packaging Break packaging

Cost

Option 1 Robot Dog

Manage Waste Manual Robot  3rd party team No waste  Don't Manage

Technology

Option 2 Drone

Set Up Drone Manual Robot  3rd party team Self set-up

Safety

Option 3 Loitering Munition

Communicate with 

Drone

Bluetooth Radio Saterlite FiberOptic Copper Cable Coded Laser Coded Laser Interactive Control Module

Drone System 

Check

Circuit Resistance Check Software Soft Check Motor Test Fire Up Visual Inspection 3rd party system check 

Confirmation On Control 

Module

Check Warhead

Low Voltage Resistance 

Check

Visual Inspection Mechanical Indicator Tab 3rd party Quality Insectors

Assemble System Velcro Mechanical Latch + Pin Magnet Clip Fit Pressure Fit Glue Tape bluetack solder  Bolt cable tie 

Interface Drone and 

Warhead

USB-A USB-C RS-232 PCIe Proprietry (Bespoke) Ethenet FiberOptic Contact Pins

Connection Check Software check Physical inspection Circuit Resistance Check

Confirmation On Control 

Module

Receive Target Data Manual 3rd party Virtally from command 

both green and blue

Input Target Data Manual  Virtally from command 

both blue and orange

Create Route Plan Algorithmic Artificail Inteligence Recives from reconisence Google Maps External communications

both green  and orange

Physically Arm Pins Pull Tap Key lock Switch Turn Screw

Prepare for Launch Place on ground stand

Generate motive 

force

4 Motor 6 Motor 8 Motor Fixed Propellers Foldable Propelers

Stabilise System Gyroscopic

Computer controled thrust 

vectoring

Rotational

Navigate to target GPS Pathfinder  User Guided

Controled from virtual 

command

AI Pilot Assistance

Move to target

Computer controled thrust 

vectoring

Identify exact target 

location

Visual Identification Thermal Immaging

EMR Sensing and 

Triangulation System

Don’t Identify Exact Target RADAR

Lock onto Target AI Targeting Manual Target Locking Algorithmic Locking Don’t Lock On

Fully Arm System Software Arming Remote Arming Mechincial Arming  Time Delay Proximity to defined target Requires Target Lock

Make safe Vertical Climb Detonate Land in Situe Undo Arming Sequence

Initiate system Exploding Bridge Wire Stab Detonator Slapper detonator Percussion cap Saftey Fuse Low Voltage Electric High Voltage Electric

Deliver terminal 

effect 

Blast  Frag Directed Energy Kinetic Energy Electronic Jamming

Pack system Manual 3rd party team  Crane Don't Break packaging

Manage dud Manual Robot 3rd Party Team Don't

Disposal Burning Bury it High Order Detonation Low Order Detonation Disassemble Military EOD Don't Self Destruct Resale Gifting

Means

Solutions



Function Means Analysis



Project Trojan - Drone
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Project Trojan - Scenario 2: External Mounted 

Antenna

Option 1 Drone

Scenario 2: Disrupt External Mounted Antenna



(New Mission Scope)

Relative 

Importance Equal

Drone

Modular Drone

Scenario 3: Going in Blind Disruption

Relative 

Importance Equal

Drone

Modular Drone

Option 2

Modular 

Drone

WHATs - Customer Requirements WHATs - Customer Requirements

The Command/Tasking Authority, User and the Logistics body all require that the 

system shall be resistant to the environmental conditions specified within the 

mission brief (AOP 15A, specified as N. Europe)

3.1

0 0

The Command/Tasking Authority, User and the Logistics body all require that the 

system shall be resistant to the environmental conditions specified within the 

mission brief (AOP 15A, specified as N. Europe)

3.1

0 0

The Command/Tasking Authority, User and Procurement body require that the 

system shall successfully neutralise the target specified within the mission brief

11

0 2

The Command/Tasking Authority, User and Procurement body require that the 

system shall successfully neutralise the target specified within the mission brief

11

0 2

The Command/Tasking Authority and Procurement body require that the system 

may be capable of being used against a range of alternative targets

1.6

0 2

The Command/Tasking Authority and Procurement body require that the system 

may be capable of being used against a range of alternative targets

1.6

0 2

The Command/Tasking Authority, User and Legislative Bodies require that the 

system's terminal effect(s) shall be contained within the target location specified 

in the mission brief. 

24

0 0

The Command/Tasking Authority, User and Legislative Bodies require that the 

system's terminal effect(s) shall be contained within the target location specified 

in the mission brief. 

24

0 0

The Command/Tasking Authority and User require that the system shall be able 

to be deployed at a minimum distance of 100m from the intended target

9.7

0 0

The Command/Tasking Authority and User require that the system shall be able 

to be deployed at a minimum distance of 100m from the intended target

9.7

0 0

The Command/Tasking Authority, User and Procurement Body require that the 

system shall meet the specified performance and reliability criteria as specified 

within document TBC

12

0 1

The Command/Tasking Authority, User and Procurement Body require that the 

system shall meet the specified performance and reliability criteria as specified 

within document TBC

12

0 1

The Command/Tasking Authority, Procurement Body and Logistics body require 

that the system shall have a shelf life of X years (TBC)

3.8

0 2

The Command/Tasking Authority, Procurement Body and Logistics body require 

that the system shall have a shelf life of X years (TBC)

3.8

0 2

The Command/Tasking Authority and User require that the system shall be easy 

to operate, requiring minimal training (X hours per annum)

2.4

0 -1

The Command/Tasking Authority and User require that the system shall be easy 

to operate, requiring minimal training (X hours per annum)

2.4

0 -1

The Command/Tasking Authority and User require that the system shall be 

rapidly deployable within X minutes.

4.5

0 -1

The Command/Tasking Authority and User require that the system shall be 

rapidly deployable within X minutes.

4.5

0 -1

The Command/Tasking Authority, User and Logistics Body require that the 

system shall be transportable to the specified firing location, without mechanical 

assistance, by the 5-man mission team.

4.9

0 0

The Command/Tasking Authority, User and Logistics Body require that the 

system shall be transportable to the specified firing location, without mechanical 

assistance, by the 5-man mission team.

4.9

0 0

The Command/Tasking Authority and User require that the system should be 

capable of being set up, deployed and operated by the minimum number of 

personnel necessary.

3.4

0 0

The Command/Tasking Authority and User require that the system should be 

capable of being set up, deployed and operated by the minimum number of 

personnel necessary.

3.4

0 0

The Command/Tasking Authority, Procurement Body and Manufacturer require 

that the system should be cost effective throughout the product life-cycle 

(Manufacture to Target or Disposal Sequence), approximately similar cost-per-

shot to NLAW (£30-40k)

5.7

0 -1

The Command/Tasking Authority, Procurement Body and Manufacturer require 

that the system should be cost effective throughout the product life-cycle 

(Manufacture to Target or Disposal Sequence), approximately similar cost-per-

shot to NLAW (£30-40k)

5.7

0 -1

The User, Logistics Body and Manufacturer require that the system shall be 

easily identifiable throughout the product lifecycle (Manufacture to Target or 

Disposal Sequence)

8.4

0 0

The User, Logistics Body and Manufacturer require that the system shall be 

easily identifiable throughout the product lifecycle (Manufacture to Target or 

Disposal Sequence)

8.4

0 0

The Command/Tasking Authority, User and Legislative Bodies require that the 

system's terminal effects should cause minimal harm to any occupants within the 

target location specified in the mission brief.

1.3

0 0

The Command/Tasking Authority, User and Legislative Bodies require that the 

system's terminal effects should cause minimal harm to any occupants within the 

target location specified in the mission brief.

1.3

0 0

The Procurement Body and Manufacturer require that the system will be 

constructed utilising technology and components manufacturable within the UK 

economy.

1.5

0 0

The Procurement Body and Manufacturer require that the system will be 

constructed utilising technology and components manufacturable within the UK 

economy.

1.5

0 0

The Command/Tasking Authority, Procurement Body and Logistics Body require 

that the system should be interoperable with current UK and NATO military 

equipment and infrastructure.

2.5

0 2

The Command/Tasking Authority, Procurement Body and Logistics Body require 

that the system should be interoperable with current UK and NATO military 

equipment and infrastructure.

2.5

0 2

The Procurement Body, Logistics Body, Legislative Bodies and Manufacturer 

require that the system shall, at end-of-life, be capable of being broken down to 

a point where the remaining components can be safely disposed of.

1.4

0 2

The Procurement Body, Logistics Body, Legislative Bodies and Manufacturer 

require that the system shall, at end-of-life, be capable of being broken down to 

a point where the remaining components can be safely disposed of.

1.4

0 2

Score: 0 41.1634 Score: 0 41.1634

Solutions

Project Trojan - Scenario 3: Going In Blind
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Brass Sleave

Epoxy Resin Coating

Copper Cable

Gold Bridge Wire

Low density PETN

RDX

Stepped

Fucntions

Target Values

Contain Components

438

9 1

Initiator must remain in tact during 100% of standards 

deployments.

Seal Components

200

9 9

Moisture incress must be kept bellow 0.01ml when exposed to 

the environmental conditions defined in AOP-15A

Connect System

206

9

The initation sub system must connect with the saftey and 

arming ssub-system without loosing connection during TBC% 

of deployments.

Receive Input Signal

375

9 3

A correctly conencted unit should be capable of receving a 

firing signal during TBC% of deployments

Generate Initial Shockwave

253

9 9

During TBC% of intiations a shock of TBC M/s2 must be 

achieved

Receive Shockwave

612

9 9 1

Upon receiving a shock wave of TBC m/s2 detonation must 

occure in TBC% of ocurrences

Amplify Shockwave

449

3 3 9 3

Upon receiving a shock wave of TBC m/s2 a shock of TBC 

m/s2 must be produced

Interface Materials

90

9

Detonation must transfer across the material interface in 

TBC% of initiations

7081 2234 5230 3405 9130 9542 2768

Brass cyclinder with diameter TBC, Length TBC, wall thickness 

TBC, and Material Properties TBD 

Epoxy resin to specification TBD covering 100% of the 

exposed end of the brass cylinder

Copper cable to material purity TBC and gauge TBC.

Gold bridge wire to purity TBC, with a gauge of TBC and 

shaped to specification.

PETN to grade TBC, particle size TBC, density TBC and ina 

formulation to specification TBC

RDX to grade TBC, particle size TBC, density TBC and ina 

formulation to specification TBC

Surfaces machined to a tollerence of TBC to the shape of 

specification TBC

 

Importance
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Solution N2 Analysis

Input Signal 

from System

1
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Date Issue

External Temperature Variation in RDX Density  Deterioration in Casing

Vibration during Service Life Variation in RDX Particle Size Build Up of Mositure

Humidity  Variation in Interfacing Components  Deterioation of Manufaturing Equipment

Manufacture of Explosive Mixture Variation in Pellet Weight Deteriation of SQEP

Variation in Pellet Geometry Degredation During Service Life

Variation in Material Quality Deterioation of Storage Facities

Material Supply Chain Dimensional Variation

Damage During Service Life

Material Toxicity

RDX Density  Noise

Variation in RDX Mixture Particle Size Wastage

Design of Interfacing Components  Heat

Material Properties of Interfacing Components

Pellet Weight

Pellet Geometry

Material Quality

Pellet Dimentions

Additives to Mixture
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