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1. [bookmark: _Toc186455274][bookmark: _Toc199691441]Abstract
[bookmark: _Toc186455125][bookmark: _Toc186455257]
1.1. The tool set provided allowed for the efficient development of a solution that was created from the ground up meeting customer and manufacturer requirements through novel and bespoke solutions whilst maintaining resilience and quality through effective identification and mitigation of noises at manufacture.
2. [bookmark: _Toc199691442]Introduction

2.1. The aims of this report will be to demonstrate how systems engineering can take an idea/need from the case study and transform it into a system capable of carrying out the desired function effectively, reliably and safely. Throughout this report, the provided systems toolset will be evaluated on its utility and ability to derive the right solution. 

2.2. The mission objective provided was “Neutralise the communications centre whilst causing minimal collateral damage to the rest of the building structure or potential occupants”. With a stretch target to “immobilise / disorientate occupants rather than eliminating them.”

2.3. “Systems Engineering is a transdisciplinary and integrative approach to enable the successful realization, use, and retirement of engineered systems, using systems principles and concepts, and scientific, technological, and management methods.” [1]

2.4. Within the team, I accepted the role of Disposal lead and so this report will be written from a disposal perspective unless when the team or other roles views are required. 

2.5. The main tool used throughout is Quality Function Deployment (QFD), this originated in Japan around the 1960s as a method to take customer requirements and convert them into useable technical requirements that us as a team can use to develop a solution. [2] [footnoteRef:2]  [2:  Instead of QFD, there are other frameworks such as Agile, Lean, Balanced Scorecard and more. These provide alternative methods to ensure quality management throughout the development of a project. However, not all provide the same level of refinement that is required for a system such as this. [3]] 

3. [bookmark: _Toc199691443]Key Customer Requirements

3.1. Before the solution can be developed, requirements must be identified, interpreted, understood and agreed. To do this, an electronic warfare specialist was consulted as to understand how communications centres operate and what actions can be taken to effectively neutralise them. [Annex A]. This would help inform on operational scenarios which were created to help understand the various environments, conditions and uses the system could be required for [Annex B]. In addition. a use case would identify actors, conditions and basic functional flow of the concept solution [Annex C]. These activities allowed for top level requirements to be drafted. 

3.2. The requirements were captured in Sheet 4 (Requirements Set) [Annex D]. It captures various requirements ranging from safety, performance, reliability, cost and on disposal by “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.”

3.3. As this was done it is important to understand where these requirements originate as it provides valuable context and understanding of expectations as to how the requirement can be met and how it is evaluated during acceptance. [Annex E]

3.4. To understand what requirements were most important, a pairwise comparison was conducted. To no surprise the group found that safety would be the most important requirement. As such we decided that mandatory requirements be discounted from the pairwise to find the next most important ones. 

3.5. This change showed the “terminal effect contained within location” is most important, followed by “specified performance” and “capability to neutralise target”. Overall, the system being disposable was ranked lower however, sub-system requirements will raise this as a greater requirement. See Figure 1.[footnoteRef:3] [3:  Typically, requirements gathering faces various challenges that lead to the elicitation of inconsistent requirements. A change in thinking should occur for more complex systems that require more holistic thinking grounded in systems theory instead of simple tools. [4]] 
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[bookmark: _Toc199691454]Figure 1 - System Pairwise [Annex D]
4. [bookmark: _Toc199691444]Critical System Functionality
4.1. Critical system functionality refers to a function or feature and if it were to fail, could lead to severe consequences such as loss of life, capability, environmental or financial repercussions. 

4.2. To begin, a basic functional flow [Annex F] of the system was developed using through workshops and information from the Use Case [Annex C] that was taken from a user perspective. After a series of refinements, the solution based functional flow was developed. See figure 2.

[image: ]
[bookmark: _Toc199691455]Figure 2 - Solution Based Functional Flow [Annex G]

4.3. Through QFD 1, critical system functionality has been identified as “Deliver Terminal Effect” and “Infiltrate/Penetrate Target”. This was an iterative process to identify all the possible functions the system will have to be able to achieve the desired result. This took a while however, doing this properly allowed the team to understand what means need to be incorporated to facilitate the functions.[footnoteRef:4] [4:  There are difficulties with QFD as to be done effectively it requires numerous cycles for all aspects to be identified, evaluated and incorporated into the QFD. This is extremely time and resource intensive process that should have a larger team than ours. [5]] 



[bookmark: _Toc199691456]Figure 3 - QFD 1 Functional Importances [Annex D]

4.4. As a result of this, the team has been able to prioritise functionality based on the users’ needs making sure that the most important aspects receive the most amount of attention during development. In addition, it allows the team to focus our efforts on areas that pose the greatest technical challenge thus reducing wasted efforts in other areas.[footnoteRef:5] [5:  Using QFD as part of the systems engineering process has had wide success, most notably is Mitsubishi satisfying the needs and expectations of their customers using the QFD approach. [7]] 

5. [bookmark: _Toc199691445]Concept Derivation and Design Choices

5.1. Through a Function Means Analysis, three wildly different concept solutions were derived all utilising different technologies and methods to achieve the desired result. Out of this a robot dog, a drone and a loitering munition we developed. [footnoteRef:6] [6:  FMA is effective at identifying as many realistic solutions as possible. However, limitations are that it relies on functionality previously identified. It’s important to check for completeness. Also, this can be done at the wrong level, and so solutions can be de-selected at the wrong stage. [9]] 


5.2. To derive these concept solutions, a workshop was held where ideas were suggested, deliberated and selected based on their viability. On reflection, I found that as the team worked through this process, it became very apparent that we were developing a drone type solution. Once we realised this, we became biased towards this particular solution that we felt was the “best”. This meant picking poorer means when deriving the other solution concepts and saving the best for the biased ideal solution we had in mind. See figure 4 & 5. 
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[bookmark: _Toc199691457]Figure 4 - Function Means Analysis [Annex D]
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[bookmark: _Toc199691458]Figure 5 - Solution and Elimination Criteria Key [Annex D]
5.3. Following the systems process, a system Pugh against each of the scenarios already discussed [Annex B] was carried out found that the drone was the best option. 

5.4. However, the team did not stop there, we then chose to refine the drone concept by repeating the QFD process. [Annex H] A solution QFD 1 was conducted again against better-defined functions set which enabled a more detailed FMA to be created. This was then evaluated by a system Pugh again which determined that the further developed modular drone design is better than the first design iteration. 

5.5. Using the QFD and Pugh tools has allowed for even more novel and bespoke means to be identified creating a more rugged iteration of the system that should provide greater capability to the user. [Annex I]



6. [bookmark: _Toc199691446]Potential Failure Modes

6.1. Using the functional flow and FMA, functional failure mode evaluation and analysis were carried out to identify any potential failures that could occur with the design. There were many FFMEA carried out, [Annex D]. One such function was disposal. See figure 6.
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[bookmark: _Toc199691459]Figure 6 - FFMEA Disposal [Annex D]
6.2. This was a useful tool to identify potential safety concerns that can occur during a particular function. Without relevant experience, I can see the probability, severity and detection metrics being incorrectly used or rated. However, this has led to additional design suggestions that we did not already consider that fed back into the solution FMA and the subsequent QFD to make the refined drone design concept that’s being taken forward. [footnoteRef:7] [7:  FMEA originated in the U.S. military in the late 1940s. However, FFMEA evolved later as industries sought more specialized tools for risk assessment and reliability engineering. Even though this tool in undoubtably useful, there are other tools that can help like Fault Tree Analysis, HAZOPs and FMECA. [8]
] 



7. [bookmark: _Toc199691447]Critical Design Features

7.1. Using QFD 2, the team was able to determine that the “interactive control module” and “confirmation of control module” was the most critical design feature. This was due to the system significantly contributing to the capability of the drone as the drone is a single use item and so all the complex software and hardware would be contained in the controller that can be re-used. See figure 7.


[bookmark: _Toc199691460]Figure 7 - QFD 2 Results [Annex D]

7.2. As such, due to the nature of this module, the team agreed to focus on the next best relevant feature, the “blast warhead”. This feature is incredibly important to deliver the terminal effect of this capability and is how we will meet the majority of requirements like “capability to neutralise target”. See Sheet 4 (Requirements Set) [Annex D].

7.3. Now the critical design feature has been identified as the blast warhead. To take this one step further, the team agreed to delve into its sub-system aspects. As such, the entirety of the previous steps was repeated including requirements created, pairwise carried out, functionality identified and FMA conducted that found the initiator being the most important aspect of the blast warhead and the RDX pellet being the critical component. See figure 8, 9, 10 & 11.

[image: ]
[bookmark: _Toc199691461]Figure 8 - Initiation Sub-System Pairwise [Annex D]

[bookmark: _Toc199691462]Figure 9 - Initiation Sub-System QFD 1 Results [Annex D]
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[bookmark: _Toc199691463]Figure 10 - Initiation Sub-System FMA [Annex D]

[bookmark: _Toc199691464]Figure 11 - Initiation Sub-System QFD 2 Results [Annex D]
7.4. Doing this takes advantage of Quality Function Deployment (QFD) by iteratively refining the solution to better meet the requirements set out by the customer making a more technically mature solution. This also allows for any prioritisation or trade-offs to happen especially those that have safety and cost implications.

7.5. As a system is a strong as its weakest component, by going down to the subsystem level, the team has been able to determine the critical sub-system design feature of our overall critical design feature. This will allow the focus of our efforts to optimise the performance and reliability tackling the greatest challenge of the blast warhead as well as preventing integration issues and any costly redesigns. [footnoteRef:8] [8:  A study has found that when implementing QFD, advantages can be split into organisational, economic and socio-psychological. It found that users had a 47% better understanding of the client and QFD adapted to the problem 77% of the time. Overall, the benefits outweigh any drawbacks perceived. [9]] 




8. [bookmark: _Toc199691448]The Manufacturing Process

8.1. For the manufacturing requirements, it was important to ensure that disposal was captured as throughout the entire CADMID cycle and Manufacture to Disposal Sequence (MTDS) this would be the point where the most amount of waste would be generated if excluding intentional operation of the system. After collecting requirements through interviewing SME’s at the manufacturing leads organisation. A pairwise was conducted that determined the equipment to manufacture be reliable and maintainable. See figure 12. [Annex J]
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[bookmark: _Toc199691465]Figure 12 - Manufacturing Requirements Pairwise [Annex D]
8.2. Next a QFD 1 was completed, see figure 9. This showed that the “press of the material” is the most important function to form and shape the pellet that makes up the initiating component of the sub-system. 


[bookmark: _Toc199691466]Figure 13 - Manufacturing QFD 1 Results [Annex D]


	Samuel Hawkins (2216506)
	Systems Engineering Design Report
	1 of 2





	
	
	




[image: A screenshot of a computer

AI-generated content may be incorrect.]
[bookmark: _Toc199691467]Figure 14 - Manufacturing FMA [Annex D]

8.3. The FMA as shown in figure 14 has given three solutions, one is a manual process with manual buttons, dyes and analogue scales. The second is a vacuum assisted hydraulic press machine that uses digital scales and operates automatically. Third is a robotic machine that takes advantage of its functionality to carry out all the activities itself.  

8.4. Figure 15 shows that vacuum assisted is the best solution by far as it is better at meeting the requirements captured earlier. These tools have been useful as it has helped identify relevant requirements, the most important function of producing the RDX pellet (QFD 1) and how it can be produced (FMA). Without these tools, important aspects could have been missed/forgotten that could lead to the wrong solution or process being developed. 
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[bookmark: _Toc199691468]Figure 15 - Manufacturing Options Pugh [Annex D]


9. [bookmark: _Toc199691449]Critical Process Steps

9.1. The next step is to understand what the most important part of the process to make the RDX pellet. To do this, a QFD 2 was conducted that shows the weighing of the digital scales to be most critical, followed by the dye that shapes the pellet.


[bookmark: _Toc199691469]Figure 16 - Initiation Sub-System QFD 2 Results [Annex D]


10. [bookmark: _Toc199691450]Process Control Measures

10.1. To be able understand how any influences can affect the manufacturing of the RDX pellet through the digital scales weighing the material, a P-diagram, figure 17, was used that enabled the team to identify noise factors of all three types, any side effects and controls. This will feed into the subsequent what/why table. [footnoteRef:9] [9:  A limitation of this tool is that we are only able to consider and action influences that are known. Any unknown influences can lead to increased risk and reduced system reliability as factors can interfere with system functionality. As influences begin to emerge later on in development, this can cause disruptions that often lead to additional expenses in troubleshooting, redesign, and corrective measures. [10] [11]] 
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[bookmark: _Toc199691470]Figure 17 - Manufacturing P-Diagram [Annex D]
10.2. Next a what/why table is used to understand what our most important noises are involved in the making of the RDX pellet. That being the “calibration change over time” and “degradation of equipment due to use”, these top two results agree with each other. Without keeping on top of these noises, the team will manufacture a poor-quality or inoperable component as it will affect the overall process of correctly weighing out the RDX material. As a result of these noises, the control affected the most is wastage as the greater the effect they have the more waste will be created. See figure 18, 19 & 20.
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[bookmark: _Toc199691471]Figure 18 - Manufacturing Process What/Why [Annex D]

[bookmark: _Toc199691472]Figure 19 - Manufacturing Critical Process Noise Results [Annex D]



[bookmark: _Toc199691473]Figure 20 - Manufacturing Critical Process Control Results [Annex D]
10.3. QFD 4 allows the team to assess the relationships between manufacturing system process and quality control requirements. Here it has been used to reduce the impacts of noises on key controls that are critical to making the RDX pellet as part of the weighing step. The output of this is a production process control plans will ensure consistency meeting the target specification and thus requirements. Results show that maintenance schedule and Pre-Start Inspections and calibration to be the most important controls overall. See figure 21 & 22. 
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[bookmark: _Toc199691474]Figure 21 - Manufacturing QFD 4 [Annex D]


[bookmark: _Toc199691475]Figure 22 - Manufacturing QFD 4 Control Importance [Annex D]
10.4. [bookmark: _Toc186455137][bookmark: _Toc186455269]This process was repeated again with a P-diagram and What/why table to understand the effect of open burn as a function of disposal. It was found lacking and so led to a change in process that uses incineration as the chosen waste management method that was fed back into QFD 4. [Annex K]

11. [bookmark: _Toc199691451]Conclusion

11.1. [bookmark: _Toc186455138][bookmark: _Toc186455270]In conclusion, the tool set provided allowed for a comprehensive, logical and ideally robust development cycle.  This allowed the team to develop a solution that should meet manufacturing requirements and system requirements set out by the customer that will deliver the desired capability that will fulfil their needs. 

11.2. A caveat is that this is a small snapshot of the systems engineering process. What hasn’t been shown is the vast amount of work that would have to go into this project to make it a reality. The downside to the way this has been done is that we have followed the systems engineering process to its completion for one part of the system and subsequent sub-system. In reality this would need to be done for every aspect of the solution that requires a vast amount of time, resources and money to be budgeted to develop an effective solution. 
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Annex E – Requirements Generation
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System Stakeholder Boundary
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Requirements Brainstorm
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Annex F – Functional Flow
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Annex G – Solution Based Functional Flow
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Annex H – Initial Design Solution
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Annex I - Final Design Solution
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Annex J – Manufacturing Requirements
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Annex K – Disposal P-Diagram and What/Why Table
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QFD 1 Functional Importances
99	72	8	104	52	126	82	38	21	157	38	0	3	28	123	172	26	383	383	28	109	82	81	Identify System	Unpack System	Manage Waste	Prepare system for use	Confirm system is ready	Acquire target	Aim system	Arm/Activate system	Initiate system	Generate motive force	Manage recoil	Manage noise	Manage heat	Stabilise System	Guide to target	Move to target	Detect Target	Infiltrate/Penetrate target	Deliver terminal effect	Pack system	Make safe	Manage dud	Disposal	99.045486009880861	71.538857645655312	7.8450896275988384	104.07092315615895	52.42826346534121	125.59301934578889	81.617619381114949	38.414601939077997	20.574601614918063	156.83896108472243	37.77304963483612	0	3.0944263224713833	27.849836902242451	123.18491536767071	172.13031809434813	26.210514478831406	382.5018652673653	382.5018652673653	27.788812179653988	108.56295273223941	82.447868645082892	80.536935336181045	


QFD 2 Results


Colour	Lables	Barcode	Manual	Radio	FiberOptic	Interactive Control Module	Software Soft Check	Motor Test Fire Up	Visual Inspection	Confirmation On Control Module	Mechanical Latch + Pin	Clip Fit	Proprietry (Bespoke) Interface	Physical inspection	Circuit Resistance Check	Virtally from command 	Algorithmic	Recives from reconisence	Pins	Place on ground	4 Motor	Foldable Propelers	Gyroscopic	Computer controled thrust vectoring	User Guided	AI Pilot Assistance	Visual Identification	Thermal Immaging	EMR Sensing and Triangulation System	Manual Target Locking	Software Arming	Remote Arming	Proximity to defined target	Vertical Climb	Detonate	Land in Situe	Undo Arming Sequence	Exploding Bridge Wire	High Voltage Electric	Blast 	Disassemble	Military EOD	Self Destruct	891.40937408892773	891.40937408892773	891.40937408892773	4726.7622575673213	1675.1652071001636	1675.1652071001636	10755.742316282496	2654.6337918295385	1125.6692494704196	2251.3384989408391	7779.2852963821242	1204.0453056731722	1204.0453056731722	1572.817333102123	1153.7414592023126	1153.7414592023126	724.54935431234844	385.7854330664984	332.78621003680701	1983.5590699981099	92.274092521790109	1037.1897422854342	2241.2350479586066	250.64853212018207	1923.3614718063186	2737.8182334187213	996.15558851296771	3690.3924904382575	3690.3924904382575	3690.3924904382575	1649.0790573550385	1591.1269312852348	1591.1269312852348	3072.0831629502291	874.9015704337246	3894.7661598335171	874.9015704337246	874.9015704337246	4908.3589300156364	4908.3589300156364	3019.8645893997927	1614.7975412918313	1758.4970926426167	1016.466274836871	


Initiation Sub-System QFD1 Results


Contain Components	Seal Components	Connect System	Receive Input Signal	Generate Initial Shockwave	Receive Shockwave	Amplify Shockwave	Interface Materials	
Contain Components	Seal Components	Connect System	Receive Input Signal	Generate Initial Shockwave	Receive Shockwave	Amplify Shockwave	Interface Materials	437.65029831334982	199.57108624459249	206.15818854306565	374.52603533433273	253.28548138945908	611.66178887204853	448.51390356075603	90.137596078166609	Functions


Importance



Initiation Sub-System QFD2 Results


Brass Sleave	Epoxy Resin Coating	Copper Cable	Gold Bridge Wire	Low density PETN	RDX	Stepped	7080.5341717037481	2233.7900745146826	5230.4236968875903	3404.5693325051316	9130.0671430358361	9541.5812318952412	2768.4418642578162	


QFD 1 Results

Weigh Material	Load Material	 Shape material	Start Machine	Press Material	Expel Material	Manage waste	140.38390464000389	121.04409590386649	23.374679066864939	7.32194354238431	204.53250199858428	18.494032001996075	118.41807401285098	Functions


Importance



Initiation Sub-System QFD2 Results


Digital Scale	Automatic	Manual	Hopper	Dye	Button	Sensor	Interlock	Hydraulic	Automatic	Vaccum Assist	Gravity	Incinerator	2376.41938917775	1429.9014297779997	1155.2943550162572	1089.3968631347984	1916.7146079834743	65.897491881458791	65.897491881458791	65.897491881458791	1840.7925179872586	1840.7925179872586	1840.7925179872586	166.44628801796466	1062	



Manufacturing Critical Process Noise Importance


Vibration	Humidity	Overloading (too much material on Scale)	Material Supply Chain	Weather	Power Fluxuation	Operator Set Up	Variation in Calibration of Scales	Variation in Accuracy of Scales	Variation in RDX Density 	Variation in RDX Particle Size	Variation in Material Quality	Material Defects	Variation in Scale Material	Deterioration in sensor	Deterioration of SQEP	Degradation of Equipment During Service Life	Build Up of Mositure	Calibration Change Overtime	165	162	90	99	36	81	165	135	108	27	27	60	177	81	243	216	246	162	246	


Manufacturing Critical Process Control Importance


Calibration of Scales	Accuracy of Scales	RDX Density	RDX Particle Size	Material Quality	Planned Maintenance	Scale Material	Manufacturing Environment (Temperature/Humidity etc)	Wastage	Noise	Material Toxicity	594	549	24	24	135	36	189	216	756	3	18	


Manufacturing QFD4 Control Importance

Training	Work Instruction	Maintenance Schedule	In prrocess Inspections	Worker Tracibility	Calibration Test	Pre Start Inspections	Shift Handover	Defect Reporting	Segregation of Materials	Recipt Inspections	Post Process Inspection	Incinerate	8262	7533	41553	3159	972	26487	26973	324	7371	2187	2187	7371	2187	
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The Quality and Planning & Logistics body require that system manufacturing shall be efficient.

The Manufacturing Engineers and Planning & Logistics body require that system manufacturing shall have low
labour costs.

The Process Engineers body require that system manufacturing shall low capital cost.
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EW_SME_Terminal_Effect_Consideration.docx
Electronic Warfare SME Consultation

Aim:

Gain a better understanding of how EW systems function and the types of terminal effect which would best neutralise the hostile communication centre.

General Comments:

· EW systems are heavily ruggedised meaning they are resistant to low force impacts, low overpressures and water.

· EW systems have significant built in redundancy meaning a large portion of the system can be damaged before the system is neutralised.

· There are very few critical components, but if these are damaged the system will be neutralised.

· The weakest points of an EW system are the Antenna and the Waveguides/Cables between the antenna and the communications systems. If the antenna can be destroyed the system will be neutralised.

·  EW systems cannot function without power, so an easy way to neutralise the target would be to cut its access to the power grid.

· EW Jamming is a viable option for target neutralisation but, this is a soft kill requiring a constant presence to ensure the jamming system is not neutralised itself.

Impact On Suggested Solutions:

		Solution

		Comments

		Impact



		Blast Warhead

		High overpressure required to neutralise ruggedised control systems. May work better against more fragile antenna.

		If used in building likely to harm occupants / civilians.



Viable solution if specifically targeted at antenna.



		Fragmentation Warhead

		To ensure key components are hit high fragmentation density would be required. 

		If used in the building would likely kill or seriously injured occupants.

High probability of target neutralisation and permanent hard kill.



		Directed Energy Warhead

		Due to limited effect radius this would need to hit specific key components to neutralise the system.

		Would need to be carefully positioned and aimed at key components, locating there would be challenging. 



		Kinetic Energy Warhead

		See directed energy warhead

		See directed energy warhead



		Propelled Water

		As EW systems are highly ruggedised water would not neutralise the system unless it was in sufficient quantity and velocity to blow the terminals apart.

		Unfeasible for use against the terminals due to volume and weight requirements.



Could be used in the form of barrel disruptor to damage electronics infrastructure or antenna.



		Electronic Jammer

		Would neutralise the target but required jamming system would be excessively large (Vehicle mounted) and only a soft kill, needs constant manning)

		Not suitable for the use case scenario discussed.



		Electromagnetic Pulse Generator

		Would need to be an extremely large device to neutralise target in full. 

		Not suitable for the use case scenario discussed.



		Nuclear Warhead

		No Comment

		No Comment



		Magnet

		Would need to be an extremely large device to neutralise target in full. 

		Not suitable for the use case scenario discussed.



		Fire

		Would work to neutralise the target in full.

		



		Robotic precision submunition

		Depending on the sub munitions exact effect (Frag, Blast, Kinetic, Directed Energy) the precision of sub munitions would vary. This may help wider effects to be delivered increasing neutralisation probability. 

		Additional consideration required based on the effect of the proposed sub munition.








image16.emf
Use_Case_Scenrios. docx


Use_Case_Scenrios.docx
Use Case Scenarios:

Scenario 1: Electronic Power Supply Identified

In this scenario recognisance has been able to identify the power supply for the building. This has been deemed accessible from the ground. See figure 1&2.

[image: Office block - Eaton Electrical][image: Automotive Power Distribution Block Electrical Box - China Distribution ...]

The aim in this scenario is to destroy the buildings electric-sub-terminal to deny power to the Hostile EW communications centre and neutralise the target.

This would be a semi-hard kill neutralising the target until they are able to find an alternate power source (Few Hours).

This would require a small, targeted effect and as such would pose a low risk to civilians and other occupants of the building. This would also spare the individuals within the room.




Scenario 2: Antenna Identified and Outside the Building

In this scenario recognisance has been able to identify the communication centres antenna array and this is outside the building. See figure 3&4.

[image: Install antenna hi-res stock photography and images - Alamy][image: Antenna. Telecommunication antennas on the roof of the building Stock ...]

 The aim inn this scenario is to destroy the vulnerable antenna systems neutralising the communications centre.

This would be a Semi-Hard kill neutralising the communication system until they are able to rebuild the antenna array (multiple days).

This would use a midsize explosive effect which would be away from the public on the ground and outside the building reducing the risk to civilians and the occupants of the room. 




Scenario 3: No Inelegance (Going in Blind)

In this scenario we have effectively no intelligence about the communication centre bar its location within the office block. Here we are unable to identify and target specific components so are going into a hard kill scenario focusing on the primary objective of neutralising the target at all costs. See figures 5&6

[image: A group of trees in front of a building

AI-generated content may be incorrect.][image: A sign on a bridge

AI-generated content may be incorrect.]

In this scenario are aim is to destroy all the terminals inside the target in full.

This would be a fully hard kill using the terminal weapons effect to destroy the terminal in its entirety.

In this scenario the terminal effect would be designed to remain within the room as not to harm civilians but the safety of the individuals within the room has been neglected in favour of mission success
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Use Case.docx
Use Case for Neutralizing a Communications Target in an urban environment.

		Use Case: A clear verb/noun or actor/verb/noun that communicates the scope of the use Case

Use case for: Neutralizing a hostile communications centre whilst causing minimal collateral damage to the rest of the building and potential occupants.



		Scenario:-

· A single-room clandestine hostile communications centre embedded within a larger building containing other occupants, roles unknown (could be civilian). Located in an urban centre within northern Europe with temperate climate. Mission parameters require an intervention to be affected from a minimum of 100m distance, unless other mitigating factors are at play. Such mission can be undertake during the day and night.





		Actors:- A list of actors who can engage in the activities described in the use case:-



· Non-Commissioned Officer (In control of executing the mission, leading the action team)

· 4x Supporting Soldiers (Conducting actions to execute the mission)





		Pre-conditions:- Anything that can be assumed to be true when the use case begins :-





· Assuming all users are suitably trained and fully equip to execute the mission.

· We know the exact location of the room.

· We know the content of the room and the number of personnel (3 computers, 6 people).

· We know the construction of the room (Bar ceiling and roof).

· In an appropriate firing position.





		Post-Conditions:- Anything that must be true when the use case is complete.



· All hostile equipment is neutralised.

· No structural damage to the rest of the building.

· No weapons effect outside the target room.

· No civilian casualties.





		Basic Flow:- The set of steps the actors take to accomplish the goal of the Use Case. A clear description of what the system does in response to each user action.



1. Fire Team reach mission area

2. Team undertake confirmatory reconnaissance

3. System is unpacked

4. System is prepared for use

5. Target is acquired

6. Permission to proceed is granted

7. System is deployed

8. Effect is achieved

9. Remaining system is made safe and packed up.

10. Fire team leave area.







		Alternative Flow:- Captures alternative user/system interactions, such as what happens if data is entered incorrectly.



1. Fire Team reach mission area

2. Team undertake confirmatory reconnaissance

3. System is unpacked

4. System is prepared for use

5. Target is acquired

6. Permission to proceed is denied/rescinded

7. System is made safe

8. Unused system is repacked

9. Fire team leave area







		Exception Flow :- The things that can happen to prevent the user from reaching their goal.



· Civilian interference

· Enemy interference

· Target already eliminated

· Target is incorrect

· System Malfunction

· Misfire

· System is damaged during transport

· Loss of fire team personnel

· Used incorrectly

· Adverse Weather
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000-Group_3_Design_Book-Final.xlsx
Task List

				Phase One: Gather Requirements																				Phase Two: Determine Functionality																				Phase Three: Concept Development																				Phase Four: Sub-System Functionality																				Phase Five: Sub-System Concept Development																				Phase Six: Manufacturing Generic Functionality																				Phase Seven: Manufacturing Critical Process																				Phase Eight: TBC																				Phase Nine: TBC																				Assignment Breakdown

				Deadline:		2/16/25		End Week 1																Deadline:		2/16/25		End Week 1																Deadline:		2/23/25		End Week 2																Deadline:		3/2/25		End Week 3																Deadline:		3/9/25		End Week 4																Deadline:		3/16/25		End Week 5				TBC												Deadline:		3/23/25		End Week 6				TBC												Deadline:		3/30/25		End Week 7				TBC												Deadline:		4/3/25		End Week 8				TBC												Deadline:

				Task										Due Date		Assigned To		Progress		Completion Date				Task										Due Date		Assigned To		Progress		Completion Date				Task										Due Date		Assigned To		Progress		Completion Date				Task										Due Date		Assigned To		Progress		Completion Date				Task										Due Date		Assigned To		Progress		Completion Date				Task										Due Date		Assigned To		Progress		Completion Date				Task										Due Date		Assigned To		Progress		Completion Date				Task										Due Date		Assigned To		Progress		Completion Date				Task										Due Date		Assigned To		Progress		Completion Date				Task										Due Date		Assigned To		Progress		Completion Date

				TRUE		Identify Stakeholders										Group				Wednesday, February 12, 2025				TRUE		Determine Generic Functionality										Group				Friday, February 14, 2025				TRUE		Function Means Analysis								Wednesday, February 19, 2025		Group				Tuesday, February 18, 2025				TRUE		Identify Sub-System Importance										Group		Initiation Subsystem		2/20/25				FALSE		Sub-System Function Means Analysis								Friday, February 28, 2025		Group								TRUE		Identify Manufacturing  Stakeholders								Thursday, February 20, 2025		Group				Thursday, February 20, 2025				FALSE		Individual Work for Presentation																		FALSE																				FALSE		Design Presentation								4/3/25										FALSE		Design Presentation								4/3/25		Group

						TRUE		Boundary Map												Wednesday, February 12, 2025						TRUE		Functional Flow Diagram																		TRUE		Identify Three Solutions																		TRUE		(From QDF2, and N2)																		FALSE		Identify Three Solutions																		TRUE		Boundary Map																		FALSE																				FALSE																				FALSE																				FALSE		Group Project

						TRUE		Stakeholder Influence Map												Wednesday, February 12, 2025						TRUE		Core Fuctionality																																																																														TRUE		Stakeholder Influence Map

																										TRUE		Emergent Behaviour																TRUE		Compare Designs								Wednesday, February 19, 2025						Tuesday, February 18, 2025				FALSE		Translate Requitements into Sub-System Requirements								Friday, February 28, 2025		Leo								FALSE		Compare Designs								Friday, February 28, 2025		Group (on Call)																												FALSE		Critical Process P-Diagram								Friday, March 21, 2025		TBC		Don’t Need to Do Here - only after QFD 3																																														FALSE		Group Project Report								6/2/25		Individual

				TRUE		Gather Requirements										Group																														TRUE		Pugh Diagram (Scenario 1)																																						FALSE		Sub-System Pugh Diagram																TRUE		Gather Manufacturing Requirements								Thursday, February 20, 2025		Group				Thursday, February 20, 2025						FALSE		Noise Factors														Exact Requirement/Process from here down TBC																																												FALSE		Group Project, 2,500 words

						TRUE		Interview (Ask Dave, Q&A Session)												Thursday, February 13, 2025				TRUE		QFD 1								Monday, February 17, 2025		Group				Monday, February 17, 2025						TRUE		Pugh Diagram (Scenario 2)																FALSE		Prioritise Requirements								Friday, February 28, 2025		Leo																														TRUE		Interview (Libbie)																		FALSE		Control Factors

						TRUE		Use Case												Thursday, February 13, 2025						TRUE		Functional Importance																		TRUE		Pugh Diagram (Scenario 3)																		FALSE		Pairwise Comparison Tool																FALSE		Sub-System QFD 2								Friday, March 07, 2025		Group (on Call)										FALSE		Use Case																																																																												FALSE		Systems Group Project Report								6/2/25		Individual

						FALSE		Gemba Visit																		TRUE		Function Tests																																																										FALSE		Component Importance																		FALSE		Gemba Visit																FALSE		Critical Process What/Why Table								Friday, March 21, 2025		TBC																																																		FALSE		Systems Enginering, 2,500 words

						TRUE		Affinity Diagram												Thursday, February 13, 2025																								TRUE		Design Review With Customer								Thurs, 20th Feb				Pre Review (18/2/25) Design 2 Taken forward		Thursday, February 20, 2025				FALSE		Determine Sub-System Generic Functionality								Monday, February 24, 2025		Alex																														TRUE		Affinity Diagram																		FALSE		Control Importance

																								TRUE		Function Failure Mode Effect Analysis								Tuesday, February 18, 2025				Change in Generic Functionality at Development of Concept Solution has made some of these redundant - Scope to redo? Limited on Time								TRUE		Solution to Take Forward																		FALSE		Boundary Map																FALSE		Functional Metrics Analysis								Friday, March 07, 2025		Alex																														FALSE		Noise Importance																																																								FALSE		Systems Fault Tree Analysis Report								4/28/25		Individual

				TRUE		Write Requirements														Monday, February 17, 2025						FALSE		Additional Functions/Requirements																																						FALSE		Compare Exisiting Design																		FALSE		Testing Criteria for important element																FALSE		Write Manufacturing Requirements								Friday, March 07, 2025		Libbie																																																																						FALSE		Systems Engineering, 1,250 words

																												TRUE		Infiltrate/Penetrate target						Emalie								TRUE		Determine Solution Based Generic Functionality										Group				Tuesday, February 18, 2025																																																																FALSE		QFD 3								Friday, March 21, 2025		Group (on Call)

				TRUE		Prioritise Requirements										Group				Friday, February 14, 2025								TRUE		Deliver terminal effect						John										TRUE		Functional Flow Diagram																FALSE		Sub-System QFD 1								Friday, February 28, 2025		Group (on Call)								FALSE		Sub-System Solution N2 Analysis								Sunday, March 09, 2025		Emalie								FALSE		Prioritise Manufacturing Requirements								Friday, March 07, 2025		Libbie										FALSE		Process Importance																																																								FALSE		Systems Tagouchi Report								4/28/25		Individual

						TRUE		Pairwise Comparison Tool																				TRUE		Move to target						Alex										TRUE		Core Fuctionality																		FALSE		Function Importance																		FALSE		Component Importance																		FALSE		Pairwise Comparison Tool																																																																														FALSE		Systems Engineering, 1,250 words

																												TRUE		Generate motive force						Leo										TRUE		Emergent Behaviour																																																																												FALSE		Critical Process P-Diagram								TBC

																												TRUE		Acquire target						Sam																												FALSE		Functional Metrics Analysis								Friday, February 28, 2025		Alex								FALSE		Critical Component P-Diagram								Friday, March 14, 2025		Emalie								FALSE		Determine Manufacturing Generic Functionality								Friday, March 14, 2025		Libbie										FALSE		Noise Factors

																												FALSE		Guide to target						Libbie								TRUE		Solution QFD 1								Monday, February 17, 2025		Group				Tuesday, February 18, 2025						FALSE		Testing Criteria for important function																		FALSE		Noise Factors								John										FALSE		Sequence Flow Diagram								Sam										FALSE		Control Factors

																																														TRUE		Functional Importance																																						FALSE		Control Factors																		FALSE		Core Fuctionality

																								TRUE		Repeat QFD 1 (If needed)								Not Required		N/A										TRUE		Function Tests																FALSE		Sub-System Functional N2 Analysis												Optional - Solution based may be more beneficial																												FALSE		Emergent Behaviour																FALSE		Critical Process What/Why Table								TBC

																																																																		FALSE		Function Importance																FALSE		Critical Component What/Why Table								Friday, March 14, 2025		Emalie																														FALSE		Control Importance

																								TRUE		Functional N2 Analysis								Tuesday, February 18, 2025		Emalie								TRUE		Function Means Analysis								Wednesday, February 19, 2025		Group				Wednesday, February 19, 2025						FALSE		Function Tests																		FALSE		Control Importance								John								FALSE		Manufacturing QFD 1								Friday, March 14, 2025		LB/SH/AL/LS										FALSE		Noise Importance

																										TRUE		Functional Importance																		TRUE		Identify  Solutions to new Functionality (1 Design Needed)																																						FALSE		Noise Importance																		FALSE		Functional Importance

																																																																FALSE		Sub-System Function Failure Mode Effect Analysis								Friday, March 07, 2025				Optional?
Focus at manufacturing stage?

Would be important for a safety aspect																												FALSE		Function Tests																FALSE		QFD 4 (Need QFD 3 Info)								Monday, March 24, 2025		Group (in person)

																								FALSE		Functional Metrics Analysis								Tuesday, February 18, 2025		Alex		Might be beneficial to just do at sub-system/component level						TRUE		Compare Designs								Wednesday, February 19, 2025		Group				Wednesday, February 19, 2025						FALSE		Additional Functions/Requirements																																																										FALSE		Variation Importance

																										FALSE		Testing Criteria for important Function																		TRUE		Pugh Diagram (Scenario 1)																				FALSE		Function 1						Emalie																												FALSE		Process Function Failure Mode Effect Analysis								TBC				Might be important here
(Effect on customer  = effect on end user/system
Effect on System = Effect on the process and the people doing the process)

																																														TRUE		Pugh Diagram (Scenario 2)																				FALSE		Function 2						John																														FALSE		Additional Functions/Requirements

																																														TRUE		Pugh Diagram (Scenario 3)																				FALSE		Function 3																																						FALSE		Function 1						Emalie

																																																																				FALSE		Function 4																																						FALSE		Function 2						John

																																												TRUE		QFD 2								Wednesday, February 19, 2025		Group				Wednesday, February 19, 2025								FALSE		Function 5 (TBC)																																						FALSE		Function 3						(Additional Input might be required)

																																														TRUE		Feature Importance																				FALSE		Function 6 (TBC)																																						FALSE		Function 4

																																																																																																												FALSE		Function 5 (TBC)

																																												FALSE		Functional Metrics Analysis								Wednesday, February 19, 2025		Alex		Might be beneficial to just do at sub-system/component level						FALSE		Repeat Sub-System QFD 1 (If needed)								Friday, March 07, 2025																																		FALSE		Function 6 (TBC)

																																														FALSE		Testing Criteria for important element

																																																																																																								FALSE		Manufacturing Process Function Means Analysis								Friday, March 14, 2025		Group

																																												TRUE		Solution N2 Analysis								Wednesday, February 19, 2025		Group				Wednesday, February 19, 2025																																														FALSE		Identify Three Solutions

																																														TRUE		Feature Importance

																																																																																																								FALSE		Compare Manufacturing Processes								Friday, March 14, 2025		Group (on Call)

																																												TRUE		System P-Diagram (Optional)								Friday, February 21, 2025		N/A		Might be beneficial to just do at sub-system/component level																																																FALSE		Pugh Diagram

																																														FALSE		Noise Factors

																																														FALSE		Control Factors																																																								FALSE		QFD 2								Friday, March 14, 2025		Group (on Call)

																																																																																																										FALSE		Feature Importance

																																												TRUE		System What/Why Table (Optional)								Friday, February 21, 2025		N/A		Might be beneficial to just do at sub-system/component level

																																														FALSE		Control Importance

																																														FALSE		Noise Importance



																																												FALSE		Design Review Actions								Friday, February 21, 2025

																																														FALSE		Fix Highlighted Requirements								Leo

																																														FALSE		Split requirements into pariwise and filtered down								Leo

																																														FALSE		Functional Flow Diagrams (x2) need Desirable outputs added								Emalie









Task List (2)

				Phase One: Gather Requirements																				Phase Two: Determine Functionality																				Phase Three: Concept Development																				Phase Four: Sub-System Functionality																				Phase Five: Sub-System Concept Development																				Phase Six: Manufacturing Generic Functionality																				Phase Seven: Manufacturing Critical Process																				Phase Eight: TBC																				Phase Nine: TBC																				Assignment Breakdown

				Deadline:		2/16/25		End Week 1																Deadline:		2/16/25		End Week 1																Deadline:		2/23/25		End Week 2																Deadline:		3/2/25		End Week 3																Deadline:		3/9/25		End Week 4																Deadline:		3/16/25		End Week 5				TBC												Deadline:		3/23/25		End Week 6				TBC												Deadline:		3/30/25		End Week 7				TBC												Deadline:		4/3/25		End Week 8				TBC												Deadline:

				Task										Due Date		Assigned To		Progress		Completion Date				Task										Due Date		Assigned To		Progress		Completion Date				Task										Due Date		Assigned To		Progress		Completion Date				Task										Due Date		Assigned To		Progress		Completion Date				Task										Due Date		Assigned To		Progress		Completion Date				Task										Due Date		Assigned To		Progress		Completion Date				Task										Due Date		Assigned To		Progress		Completion Date				Task										Due Date		Assigned To		Progress		Completion Date				Task										Due Date		Assigned To		Progress		Completion Date				Task										Due Date		Assigned To		Progress		Completion Date

				TRUE		Identify Stakeholders										Group				Wednesday, February 12, 2025				TRUE		Determine Generic Functionality										Group				Friday, February 14, 2025				TRUE		Function Means Analysis								Wednesday, February 19, 2025		Group				Tuesday, February 18, 2025				TRUE		Identify Sub-System Importance										Group		Initiation Subsystem		2/20/25				TRUE		Sub-System Functional N2 Analysis										Emalie		Receive Shockwave - deamed important Function --> Matches SS QFD1		3/2/25				TRUE		Identify Manufacturing  Stakeholders								Thursday, February 20, 2025		Group				Thursday, February 20, 2025				FALSE		Individual Work for Presentation																		FALSE		Design Review with Dave								25/03/2025, 1300		Group		Ideally all SE processes will be complete						FALSE		Design Presentation								4/3/25										FALSE		Design Presentation								4/3/25		Group

						TRUE		Boundary Map												Wednesday, February 12, 2025						TRUE		Functional Flow Diagram																		TRUE		Identify Three Solutions																		TRUE		(From QDF2, and N2)																		TRUE		Function Importance																		TRUE		Boundary Map																		FALSE																				FALSE		Provide an Update on progress																		FALSE																				FALSE		Group Project

						TRUE		Stakeholder Influence Map												Wednesday, February 12, 2025						TRUE		Core Fuctionality																																																																														TRUE		Stakeholder Influence Map

																										TRUE		Emergent Behaviour																TRUE		Compare Designs								Wednesday, February 19, 2025						Tuesday, February 18, 2025				TRUE		Translate Requitements into Sub-System Requirements								Friday, February 28, 2025		Leo																																																FALSE		Critical Process P-Diagram								Friday, March 21, 2025		TBC		Don’t Need to Do Here - only after QFD 3																																														FALSE		Group Project Report								6/2/25		Individual

				TRUE		Gather Requirements										Group																														TRUE		Pugh Diagram (Scenario 1)																																				TRUE		Sub-System Function Failure Mode Effect Analysis								Friday, March 07, 2025										TRUE		Gather Manufacturing Requirements								Thursday, February 20, 2025		Group				Thursday, February 20, 2025						FALSE		Noise Factors														Exact Requirement/Process from here down TBC																																												FALSE		Group Project, 2,500 words

						TRUE		Interview (Ask Dave, Q&A Session)												Thursday, February 13, 2025				TRUE		QFD 1								Monday, February 17, 2025		Group				Monday, February 17, 2025						TRUE		Pugh Diagram (Scenario 2)																TRUE		Prioritise Requirements								Friday, February 28, 2025		Leo										TRUE		Additional Functions/Requirements																		TRUE		Interview (Libbie)																		FALSE		Control Factors

						TRUE		Use Case												Thursday, February 13, 2025						TRUE		Functional Importance																		TRUE		Pugh Diagram (Scenario 3)																		TRUE		Pairwise Comparison Tool																				TRUE		Receive Shockwave						Emalie				3/6/25						FALSE		Use Case																																																																												FALSE		Systems Group Project Report								6/2/25		Individual

						FALSE		Gemba Visit																		TRUE		Function Tests																																																												TRUE		Amplify Shockwave						John										FALSE		Gemba Visit																FALSE		Critical Process What/Why Table								Friday, March 21, 2025		TBC																																																		FALSE		Systems Enginering, 2,500 words

						TRUE		Affinity Diagram												Thursday, February 13, 2025																								TRUE		Design Review With Customer								Thurs, 20th Feb				Pre Review (18/2/25) Design 2 Taken forward		Thursday, February 20, 2025				TRUE		Determine Sub-System Generic Functionality								Monday, February 24, 2025		Alex												TRUE		Contain components																TRUE		Affinity Diagram																		FALSE		Control Importance

																								TRUE		Function Failure Mode Effect Analysis								Tuesday, February 18, 2025				Change in Generic Functionality at Development of Concept Solution has made some of these redundant - Scope to redo? Limited on Time								TRUE		Solution to Take Forward																		TRUE		Boundary Map																				TRUE		Explode with Pulse																																				FALSE		Noise Importance																																																								FALSE		Systems Fault Tree Analysis Report								4/28/25		Individual

				TRUE		Write Requirements														Monday, February 17, 2025						FALSE		Additional Functions/Requirements																																						TRUE		Compare Exisiting Design																				FALSE		Function 5 (TBC)														TRUE		Critical Component P-Diagram								Friday, March 14, 2025		Emalie				Thursday, March 13, 2025																																																																		FALSE		Systems Engineering, 1,250 words

																												TRUE		Infiltrate/Penetrate target						Emalie								TRUE		Determine Solution Based Generic Functionality										Group				Tuesday, February 18, 2025																												FALSE		Function 6 (TBC)																TRUE		Noise Factors								John								TRUE		QFD 3								Friday, March 21, 2025		Group (on Call)		Critical Process is Weighing RDX		Friday, March 14, 2025

				TRUE		Prioritise Requirements										Group				Friday, February 14, 2025								TRUE		Deliver terminal effect						John										TRUE		Functional Flow Diagram																TRUE		Sub-System QFD 1								Friday, February 28, 2025		Group (on Call)				2/28/25																										TRUE		Control Factors																		FALSE		Process Importance								EH, LB, AL, LS, SH																																																FALSE		Systems Tagouchi Report								4/28/25		Individual

						TRUE		Pairwise Comparison Tool																				TRUE		Move to target						Alex										TRUE		Core Fuctionality																		TRUE		Function Importance								LB, LS, JH, SH								TRUE		Repeat Sub-System QFD 1 (If needed)								Friday, March 07, 2025		Group (on Call)		Added in additional function of recive signal		3/7/25																																																																																						FALSE		Systems Engineering, 1,250 words

																												TRUE		Generate motive force						Leo										TRUE		Emergent Behaviour																		TRUE		Fill in target values/how much								Leo				3/13/25																JH, SH, EH								TRUE		Critical Component What/Why Table								Friday, March 14, 2025		Emalie		Imporant Noise: Deteriation of Manufacturing Equipment then RDX Density
Important Control: Material Quality then Pallet Geometry		Thursday, March 13, 2025				TRUE		Critical Process P-Diagram								Friday, March 21, 2025		Group

																												TRUE		Acquire target						Sam																																																TRUE		Sub-System QFD 2								Friday, March 07, 2025		Group (on Call)		RDX was identified as the critial component --> different result to the N2 analysis --> Consensis from group chat and call for RDX to be critical component								TRUE		Control Importance								John										FALSE		Noise Factors

																												FALSE		Guide to target						Libbie								TRUE		Solution QFD 1								Monday, February 17, 2025		Group				Tuesday, February 18, 2025				TRUE		Functional Metrics Analysis								Friday, February 28, 2025		Alex										TRUE		Component Importance								JH, SH, EH				3/7/25						TRUE		Noise Importance																		FALSE		Control Factors

																																														TRUE		Functional Importance																		TRUE		Testing Criteria for important function																		TRUE		Fill in target values/how much								Leo				3/13/25

																								TRUE		Repeat QFD 1 (If needed)								Not Required		N/A										TRUE		Function Tests																																																								TRUE		Determine Manufacturing Generic Functionality								Friday, March 14, 2025		Libbie				Friday, March 14, 2025				TRUE		Critical Process What/Why Table								Friday, March 21, 2025		Group (on Call)

																																																																TRUE		Sub-System Function Means Analysis								Friday, February 28, 2025		Group				2/28/25				TRUE		Functional Metrics Analysis								Friday, March 07, 2025		Alex		Updated Deadline - 21/3/25								TRUE		Sequence Flow Diagram								Sam										FALSE		Control Importance

																								TRUE		Functional N2 Analysis								Tuesday, February 18, 2025		Emalie								TRUE		Function Means Analysis								Wednesday, February 19, 2025		Group				Wednesday, February 19, 2025						TRUE		Identify Three Solutions																		TRUE		Testing Criteria for important element																		TRUE		Core Fuctionality																		FALSE		Noise Importance

																										TRUE		Functional Importance																		TRUE		Identify  Solutions to new Functionality (1 Design Needed)																																																										TRUE		Emergent Behaviour

																																																																TRUE		Compare Designs								Friday, February 28, 2025		Group (on Call)				2/28/25				TRUE		Sub-System Solution N2 Analysis								Sunday, March 09, 2025		Emalie		Low Density PETN - deamed important solution --> QFD2 different results, taking RDX to next stage		3/2/25																								TRUE		QFD 4 (Need QFD 3 Info)								Friday, March 21, 2025		Group (on Call)

																								TRUE		Functional Metrics Analysis								Tuesday, February 18, 2025		Alex		Done - To be uploaded						TRUE		Compare Designs								Wednesday, February 19, 2025		Group				Wednesday, February 19, 2025						TRUE		Sub-System Pugh Diagram								LB, LS, JH, SH										TRUE		Component Importance																TRUE		Manufacturing QFD 1								Friday, March 14, 2025		Libbie		Need Pairwise Weighting		Friday, March 14, 2025						FALSE		Variation Importance

																										TRUE		Testing Criteria for important Function																		TRUE		Pugh Diagram (Scenario 1)																																																										TRUE		Functional Importance								Sam				(On Call with EH, LB, SH, AL)

																																														TRUE		Pugh Diagram (Scenario 2)																																				TRUE		Write Manufacturing Requirements								Friday, March 07, 2025		Libbie										TRUE		Function Tests								Alex								TRUE		Generate Process Control Plan

																																														TRUE		Pugh Diagram (Scenario 3)																																																																				Leo										FALSE

																																																																																				TRUE		Prioritise Manufacturing Requirements								Friday, March 07, 2025		Libbie		Completed - just needs to be transferred to Workbook (currently on work laptop) - Aim to be done by 18th March						TRUE		Process Function Failure Mode Effect Analysis								Friday, March 21, 2025				Might be important here
(Effect on customer  = effect on end user/system
Effect on System = Effect on the process and the people doing the process)

																																												TRUE		QFD 2								Wednesday, February 19, 2025		Group				Wednesday, February 19, 2025																										TRUE		Pairwise Comparison Tool																		TRUE		Additional Functions/Requirements

																																														TRUE		Feature Importance																																																												FALSE		Function 1						Emalie

																																																																																																												FALSE		Function 2						John

																																												TRUE		Functional Metrics Analysis								Wednesday, February 19, 2025		Alex																																																				FALSE		Function 3						(Additional Input might be required)

																																														TRUE		Testing Criteria for important element																																																												FALSE		Function 4

																																																																																																												FALSE		Function 5 (TBC)

																																												TRUE		Solution N2 Analysis								Wednesday, February 19, 2025		Group				Wednesday, February 19, 2025																																																FALSE		Function 6 (TBC)

																																														TRUE		Feature Importance

																																																																																																								TRUE		Manufacturing Process Function Means Analysis								Friday, March 14, 2025		Group				Friday, March 14, 2025

																																												FALSE		System P-Diagram (Optional)								Friday, February 21, 2025		N/A		Might be beneficial to just do at sub-system/component level																																																FALSE		Identify Three Solutions								EH, LB, AL,SH, LS

																																														FALSE		Noise Factors

																																														FALSE		Control Factors																																																								TRUE		Compare Manufacturing Processes								Friday, March 14, 2025		Group (on Call)		Need Pairwise Weighting		Friday, March 14, 2025

																																																																																																										TRUE		Pugh Diagram								EH, LB, AL,SH, LS

																																												FALSE		System What/Why Table (Optional)								Friday, February 21, 2025		N/A		Might be beneficial to just do at sub-system/component level

																																														FALSE		Control Importance																																																								TRUE		QFD 2								Friday, March 14, 2025		Group (on Call)		Need QFD1 Weighting		Friday, March 14, 2025

																																														FALSE		Noise Importance																																																										TRUE		Feature Importance								EH, LB, LS



																																												TRUE		Design Review Actions								Friday, February 21, 2025

																																														TRUE		Fix Highlighted Requirements								Leo

																																														TRUE		Split requirements into pariwise and filtered down								Leo

																																														TRUE		Functional Flow Diagrams (x2) need Desirable outputs added								Emalie				Friday, February 21, 2025









Team Roles

				Presentation Marking Breakdown

				Assgined to:		Role

				Leo		TR&D		Understanding and analysis of customer requirements		Understanding of design deliverables		Critical analysis of design trade off and selection of appropriate design		Proposal of designs for trials		Contribution to manufacturing e.g. identification of critical design features		Contribution to process instructions, PCP, Care points

						Total mark =

				Libbie		Manufacturing		Understanding and analysis of manufacturing requirements		Understanding of process deliverables		Critical analysis of process trade-offs and selection of appropriate designs form manufacture 		Proposals for manufacturing verification trials		Identification of critical process steps		Development of the process control plan

						Total mark =

				Emalie
John		Safety		Understanding of the safety requirements for the area selected		Understanding of the legal safety deliverables		Identification of the key hazards in the selected area of operation		Critical analysis of the key hazards		Description of the mitigation required to be included in procedures		Development of the basis of safety

						Total mark =

				Alex		Test and Evaluation		Understanding of the test and evaluation Requirements for the area selected		Understanding of the test deliverables		Identification of trials and test techniques appropriate to the design phase selected		Critical analysis of trials data. Go no go decisions		Feedback into the design process 		Presentation of trials data.

						Total mark =

				Sam		Breakdown and Disposal		Understanding of the breakdown and disposal Requirements for the area selected		Understanding the deliverables for design for disposal in test and production arenas		Identification of candidate disposal techniques for article and explosive disposal		Critical analysis of disposal design data 		Feedback into the design process		Preparation of the waste stream management plan

						Total mark =





Design Book Title

		GU-DD-001

		Issue 1





						Design Book







						Systems & Group Project Team 3







						Teamcentre Document Number																				Issue						Date











Requirements Set

		ACTIVITY SUMMARY



				Key Stakeholders:		Explanation

				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 & distrubting 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





				Level 1		Originator		Level 2		Level 3		Reason For Exclusion from Pairwise

						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)		NFS		Not included in pairwise comparison since all functions must be in compliance/accordance with related legislation

						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)		NFS		Not included in pairwise comparison since all functions must be as safe as reasonably practicable (ASARP)

						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)		NFS

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

						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		NFP

						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 misssion brief. 		NFP

						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		NFP

						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.
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						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)		NFS

						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)		NFS

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

						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.		NFS

						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.
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						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)		NFS

						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)		NFS

						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.		NFP

						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.		NFS

						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.		NFS

						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.		NFS
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						1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		Calc				Calc

				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.
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Comment:
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    Re-Written to be sufficiently generic		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.
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Comment:
    Change wording		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.
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Comment:
    Change wording		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.
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Comment:
    Change wording		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

																																								10896414170159.4		24.8388161476		100
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Design QFD 1



				 				Importance		How

										Identify System		Unpack System		Manage Waste		Prepare system for use		Confirm system is ready		Acquire target		Aim system		Arm/Activate system		Initiate system		Generate motive force		Manage recoil		Manage noise		Manage heat		Stabilise System		Guide to target		Move to target		Detect Target		Infiltrate/Penetrate target		Deliver terminal effect		Pack system		Make safe		Manage dud		Disposal

				What		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.
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						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		Identified as dependent on all functionality																																														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.
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    Re-Written to be sufficiently generic		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		Identified as dependent on all functionality																																														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		Identified as dependent on all functionality																																														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)

										How Much
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QFD 1 Functional Importances
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N2 Analysis (Functional)

						ID Round		1																																						1		1		3						ID Round		1																														1		1		3

								Unpack System				1																																1						2								Unpack System		1																										1						2

										Manage Waste																																								0										Prepare System		1																														1

												Prepare System		1																																				1												Confirm Ready		1				1		1																						3

														Confirm Ready		1				1		1																												3												1		Aquire Target		1										1																3

														1		Aquire Target		1																1																3												1		1		Aim System																										2

														1		1		Aim System																																2												1						Arm System		1														1								3

														1						Arm System		1																				1								3																				Initiate System		1																				1

																						Initiate System		1																										1																						Generate Force		1				1														2

																								Generate Force								1				1														2																								Stablise System				1														1

																										Manage Recoil																								0																										Track to Target		1		1												2

																												Manage Noise																						0																								1		1		Move to Target		1												3

																														Manage Heat																				0																														Detect Target		1		1								2

																																Stablise System				1														1																																Penetrate Target		1								1

																																		Track to Target		1		1												2																																		Deliver Effect								0

																																1		1		Move to Target		1												3																																				Pack System						0

																																						Detect Target		1		1								2																																				1		Make Safe		1		2

																																								Penetrate Target		1								1																																								DeMil		0

																																										Deliver Effect								0						0		1		1		4		2		1		1		2		1		2		2		3		2		1		3		2		1		2

																																												Pack System						0

																																												1		Make Safe		1		2

																																																Disposal		0

						0		1		0		1		4		2		1		1		2		1		0		0		0		2		2		3		2		1		3		2		1		2





FFMA Rating Charts

				Severity																OCCURRENCE RATINGS										PREVENTION/DETECTION  RATINGS

				Rating		Definition														Rating		Description		Criteria		Probability of Failure				Rating		Description		Criteria

				1		Failure of subsystem system, No injuries														1		Remote Occurrence		Failure highly unlikely to occur. History of similar design satisfactory with no failures		1 in 1,500,000				1		Remote probability of failure reaching the user		A known prevention/detection method exists for similar systems with a strong history of excellent performance and is included in the system requirements

				2		Failure of system, No Injuries														2		Very Slight Occurrence		Failure very unlikely to occur. History of very few failures		0.0000067

				3		Failure of subsystem system, Minor injuries														3		Slight Occurrence		Very few and infrequent failures		0.000067

				4		Failure of system, Minor Injuries														4		Low Occurrence		Few and infrequent failures may be expected		0.0005				2		Very Slight probability the failure mode will reach the user		A known prevention/detection method exists for similar systems and is included in the system requirements

				5		Loss of capability, No injuries														5		Medium Occurrence		Some failures likely, but not in major proportions		0.0025

				6		Loss of capability , Minor injuries														6		Regular Occurrence		Regular failures may be expected		0.0125				3		Slight probability the failure mode will reach the user		A known and robust prevention/detection method exists for other systems and is included in the system requirements

				7		Catastrophic failure,  Hospitalisation of casualties														7		Moderately High Occurrence		Frequent failures may be expected		0.05

				8		Catastrophic failure, Multiple life changing injuries														8		High Occurrence		Failure of major proportions may be expected		0.125				4		Low probability the failure mode will reach the user		A known prevention/detection method exists for other systems and is included in the system requirements

				9		Catastrophic failure, Single Death														9		Very High Occurrence		Frequent failures. History of similar design issues		0.33

				10		Catastrophic failure, Multiple Deaths														10		Extremely High Occurrence		Constant failure		0.5				5		Medium probability the failure mode will reach the user		A known and robust prevention/detection method exists for other systems but is not  included in the system requirements



																														6		Moderately probability the failure mode will reach the user		A known prevention/detection method exists for other systems but is not included in the system requirements



																														7		Moderately High probability the failure mode will reach the user		An experimental prevention/detection method exists for other systems and is included in the system requirements



																														8		High probability the failure mode will reach the user		An experimental prevention/detection method exists for other systems but is not included in the system requirements



																														9		Very High probability the failure mode will reach the user		No known prevention/detection method but functionality is included in the system requirements



																														10		It is certain that the failure mode will reach the user		No known prevention/detection method and no requirement to do so specified







Failure Mode Analysis-Template

				Functional Failure Mode Evaluation and Analysis

				System		Household Kettle				O - Probability of Occurrence						1: Very Rare → 10: Frequent												Date								No		1

										S - Severity of Occurrence						1: No Effect → 10: Most Severe												Author

										D - Probability of Detection						1: Certain Detection → 10: No Detection												Checked								Issue		1

				Function		Functional Failure Mode						Effects				S		Causes				O		Detection/Prevention						RPN		Design Suggestions/Comments

												On System		Seen by Customer										Current Method				D

						No																								0

																														0

						Too much																								0

																														0

						Too little 																								0

																														0

						Intermittent 																								0

						Wrong																								0





FFMEA-Deliver Terminal effect

		Functional Failure Mode Evaluation and Analysis

		System		Deliver Terminal Effect 				O - Probability of Occurrence						1: Very Rare → 10: Frequent												Date				 				No		1

								S - Severity of Occurrence						1: No Effect → 10: Most Severe												Author				 John Hamilton 				 		 

								D - Probability of Detection						1: Certain Detection → 10: No Detection												Checked				 				Issue		1

		Function		Functional Failure Mode						Effects				S		Causes				O		Detection/Prevention						RPN		Design Suggestions/Comments

										On System		Seen by Customer										Current Method				D

		Deliver Terminal Effect 		No Effect 						No effect		The system does not perform to the desired effect.		2		Manufacture error				1		None in Place				8		16		Effect on system will depend on the solution.

										 		 		 		 				 		 				 		0		 

				Too much Effect						No effect		The system kills civilians.		7		User error 				1		None in Place 				8		56		Effect on system will depend on the solution.

										No effect		The system kills personnel within communications facility.		5		User error 				1		none in Place				8		40		Effect on system will depend on the solution.

				Too little Effect						No effect		The system does not destroy communication equipment		4		Damaged munition				1		None in place				8		32		Effect on system will depend on the solution.

										 		 		 		 				 		 				 		0		 

				Intermittent Effect						No effect		The destroys part of the communications equipment. 		4		User error 				1		None in place				8		32		Effect on system will depend on the solution.

				Wrong Effect 						No effect		The system kills persons in the room but does not effect Communications equipment		3		User error 				 		None in place 				8		0		Effect on system will depend on the solution.





FFMA-Propulation



				Functional Failure Mode Evaluation and Analysis

				System		Project Trojan 				O - Probability of Occurrence						1: Very Rare → 10: Frequent												Date				2/17/25				No		1

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

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

				Function		Functional Failure Mode						Effects				S		Causes				O		Detection/Prevention						RPN		Design Suggestions/Comments

												On System		Seen by Customer										Current Method				D

				Generate Motive Force		No motive force						The system does not leave the launch site.		Mission Failure, re-pack or demil muntion and end mission.		2		Failure in initation system, be that energetic, electronic or inert components.				4		Visual Dammage Asssesment				8		64		X-Ray articles periodicaly to idenitfy the formation of any cracks in energetics or system faults.

														System fails to leave launch site, initiation sequence continued, terminal effect delivered at launch site.		8		Failure in the Motive force provider be that electronic components burning out, energtic materials being dammaged, or mechanical components breaking				3		Visual Dammage Asssesment				8		192		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.

						Too much motive force						System is overpowered and becomes unstable.		System looses controle on route and crashes before reaching target. (Terminal effect activates worst case)		8		Over voltage of electronic propulsion components. 				5		Visual Dammage Asssesment				8		320		Overvoltage protection in motor circuits, Redundant motor controlers,   Low Voltage Ohmeter to check  circuit condition.

												System reaches target with excessive velocity.		System overshoots target coliding with / damaging surounding building. (Terminal effect activates worst case)		8		 Above avergage energtic performance (Quality Control)				3		Visual Dammage Asssesment				8		192		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.

												System overpressure / overforce causing componet failure.		System explodes / breaks up creating fragmentation, fire and impact risk		9		Dammage to energetic increasing Surface are and burn rate				2		Visual Dammage Asssesment				8		144		X-Ray articles periodicaly to ensure no cracks form. Qualify motor for environmental conditions expected. Only use during service life.

						Too little motive force						System Fails to reach target and crashes		System looses controle on route and crashes before reaching target. (Terminal effect activates worst case)		8		Under voltage of electronic propulsion components.				5		Visual Dammage Asssesment				8		320		Reduncancy is electronic control circuits including secondary power suply in the event of a failure. Low Voltage Ohmeter to check  circuit condition.

												System fails to fulfil penetraction and terminal effect phase		System delivers terminnal effect outside building failing mission and endangerinf civilians		6		Bellow avergage energtic performance (Quality Control)				3		Visual Dammage Asssesment				8		144		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.

																		Dammage to energetic or combustion instability causing incomplete combustion				2		Visual Dammage Asssesment				8		96		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.

						Intermittent motive force						Trust variation cannot be controlled causing system instability		System looses controle on route and crashes before reaching target. (Terminal effect activates worst case)		8		Dammage to electronic control circuits leeding to motor miss management.				5		Visual Dammage Asssesment				8		320		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.

												System Fails to reach target and crashes				8		Dammage to energetic materials leading to inconsistent combustion.				2		Visual Dammage Asssesment				8		128		X-Ray articles periodicaly to ensure no cracks form. Qualify motor for environmental conditions expected. Only use during service life. 				Ensure adaquate safety systems to ensure wahead cannot function before reaching the designated target.

						Wrong motive force						Not aplicable as a "Wrong" Motive Force would fall under one of the above catagories.

																																												Propulation FFMA Sugestion:

																																												Recommendation:		Comment:

																																												Requirements:

																																												The Functional Failure Means Analsyis suggest the system should  have adaquate isolation and prevention systems to ensure the terminal effect can only be initated withinn the target building and at no other time.		This forms a sub-system requirement of the arm system sub-system so will be pocked up again at this point.

																																												The Functional Failure Means Analsyis suggest the system should  have redundancy in the electronic systems.		This forms a sub-system requirement for all the electronic components so will be picked up gain at this stage.

																																												Functionlity:

																																												Check System Circuit Integrity Prior to Use		A sub-functionality of confirm ready hence left to be pciked up at a later data.



																																												X-Ray munitions post manufacture to identify any defects in the construction of electronics and energetics.		Archived for consideration during trials and manufacturing stages.

																																												Proof each batch of propellant using 3" Slab motor firings to ensure consitant balistic performance.

																																												Peform combustion stability testing during the design phase to occure no instability risk.































FFMEA- Aquire Target



				Functional Failure Mode Evaluation and Analysis

				System		Project Trojan				O - Probability of Occurrence						1: Very Rare → 10: Frequent												Date				2/17/25				No		1

										S - Severity of Occurrence						1: No Effect → 10: Most Severe												Author				Samuel Hawkins

										D - Probability of Detection						1: Certain Detection → 10: No Detection												Checked								Issue		1

				Function		Functional Failure Mode						Effects				S		Causes				O		Detection/Prevention						RPN		Design Suggestions/Comments

												On System		Seen by Customer										Current Method				D

				Aquire Target		Fail to aquire target						The system cannot be launched.		Mission Failure, re-pack or demil muntion and end mission.		1		Failure to identify or located target area due to user error.				3		Mission Intelligence.
User procedures.
				4		12

														System cannot be launched, initiation sequence stopped, terminal effect cannot be delivered.		1		Failure to identify or locate target area due to system hardware fault.				2		System hardware checks.				2		4

						Aquire close proximity to target.						The system delivers terminal effect close to target area. 		The system engages close but not directly on target. 		8		Hardware failure in target aquistion system.  				3		Safety Electronics Unit. (Fuze)
User monitoring track to target.				1		24

																8		Failure by the user to input correct target data. 				4		User monitoring track to target.				1		32

						Aquires then loses target						The system cannot be launched.		Mission Failure, re-pack or demil muntion and end mission.		1		Failure to identify or located target area due to user error.				3		Mission Intelligence.
User procedures.				4		12

														System cannot be launched, initiation sequence stopped, terminal effect cannot be delivered.		1		Failure to identify or locate target area due to system hardware fault.				2		System hardware checks.
				2		4

						Aquire wrong target						The system is launched at the wrong target.		System continues functional sequence and delivers terminal effect to wrong target.		10		User error				3		Safety Electronics Unit. (Fuze)
User monitoring track to target.				1		30

																10		Failure to identify or locate correct target area due to system hardware fault.				2		User monitoring track to target.				1		20





FFMEA - Penetrate Target 



				Functional Failure Mode Evaluation and Analysis

				System		Project Trojan				O - Probability of Occurrence						1: Very Rare → 10: Frequent												Date				Monday, February 17, 2025				No		1

										S - Severity of Occurrence						1: No Effect → 10: Most Severe												Author				E. Halifax

										D - Probability of Detection						1: Certain Detection → 10: No Detection												Checked								Issue		1

				Function		Functional Failure Mode						Effects				S		Causes				O		Detection/Prevention						RPN		Design Suggestions/Comments

												On System		Seen by Customer										Current Method				D

				Infiltrate/
Penetrate Target		No Penetration						System not in desired target location (external to location) and unable to deliver effect as intended		Target not neutralised, risk of terminal effect being delivered in an undesirable loaction with additional risk/harm to civilians and local infrastructure		10		Failure in the penetration mechanism (exact cause solution dependant)				5		None in place				9		450

														Mission Failure - requirement to demil muntion		5								None in place				9		225

						Penetrates Too Much						System not in desired target location (internal to location/or through to other external side) and unable to deliver effect as intended		Target not neutralised, risk of terminal effect being delivered in an undesirable loaction with additional risk/harm to civilians and local infrastructure		10		Failure in the penetration mechanism (exact cause solution dependant)				5		None in place				9		450

														Mission Failure - requirement to demil muntion		5								None in place				9		225

						Penetrates Too Little						System only partially penetrates desired target, resulting in system not being in desired location 		Target not neutralised, risk of terminal effect being delivered in an undesirable loaction with additional risk/harm to civilians and local infrastructure		10		Failure in the penetration mechanism (exact cause solution dependant)				5		None in place				9		450

														Mission Failure - requirement to demil muntion		5								None in place				9		225

						Intermittent Penetration						The system does not consistenely deliver desired penetration effect, resulting in a combination of effects from all other failure modes		Unrealiability, unable to have confidence in the system		10		Failure in the penetration mechanism (exact cause solution dependant)				5		None in place				9		450

						Incorrect Penetration																		None in place				9		0





FFMEA - Disposal



				Functional Failure Mode Evaluation and Analysis

				System		Project Trojan				O - Probability of Occurrence						1: Very Rare → 10: Frequent												Date				Thursday, March 27, 2025				No		1

										S - Severity of Occurrence						1: No Effect → 10: Most Severe												Author				S. Hawkins

										D - Probability of Detection						1: Certain Detection → 10: No Detection												Checked								Issue		1

				Function		Functional Failure Mode						Effects				S		Causes				O		Detection/Prevention						RPN		Design Suggestions/Comments

												On System		Seen by Customer										Current Method				D

				Disposal		Not Disposed						System is not made safe and broken down so that components and sub-systems can be disposed. 		System has not been disposed of and poses a logistical burden and safety issue. Disposal Failure		7		Failure to identify system for disposal. 
Overloaded Disposal Chain. 				8		None in place				4		224		Barcode

						Partially Disposed						System is partially made safe and broken down so that components and sub-systems can be disposed.		System has been partially disposed of but not completed. Possible Disposal Failure 		10		Incorrect breakdown and disposal procedures				5		None in place				3		150		Modular Warhead

						Disposed of too much						Not Applicable

						Intermittent Disposal						Not Applicable

						Incorrect Disposal						System is not made safe and could be made unsafer as well as not broken apart correctly leading to further failures. 		System has been incorrectly disposed of. Definite Disposal Failure and Safety Issue.		10		Incorrect breakdown and disposal procedures				3		None in place				2		60		Modular Warhead





Function Means Analysis



				Function Means Analysis

				System		Project Trojan				Author		Emalie, John, Leo, Libbie, Alex								Date		2/17/25		Issue

				Function		Means

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

				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





































System Pugh (All 3 Scenarios)

		ACTIVITY SUMMARY

				Project Trojan - Scenario 1: Disrupt External Electricity Supply																		Project Trojan - Scenario 2: External Mounted Antenna												Project Trojan - Scenario 3: Going In Blind



						Relative Importance Equal		Drone		Robot Dog		Loitering Munition												Relative Importance Equal		Drone		Robot Dog		Loitering Munition						Relative Importance Equal		Drone		Robot Dog		Loitering Munition

				WHATs - Customer Requirements												Solutions						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)		3.0944263225		0		2		1				Option 1		Robot Dog				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)		3.0944263225		0		2		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)		3.0944263225		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		11.4389037359		0		-1		-2				Option 2		Drone				The Command/Tasking Authority, User and Procurement body require that the system shall successfully neutralise the target specified within the mission brief		11.4389037359		0		-2		2				The Command/Tasking Authority, User and Procurement body require that the system shall successfully neutralise the target specififed within the mission brief		11.4389037359		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		1.6132942436		0		-2		2				Option 3		Loitering Munition				The Command/Tasking Authority and Procurement body require that the system may be capable of being used against a range of alternative targets		1.6132942436		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		1.6132942436		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. 		23.5378962		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. 		23.5378962		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. 		23.5378962		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		9.7103853107		0		-2		1										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		9.7103853107		0		-2		1				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		9.7103853107		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		12.2229454963		0		-1		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		12.2229454963		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		12.2229454963		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)		3.7838890428		0		1		0										The Command/Tasking Authority, Procurement Body and Logistics body require that the system shall have a shelf life of X years (TBC)		3.7838890428		0		1		0				The Command/Tasking Authority, Procurement Body and Logistics body require that the system shall have a shelf life of X years (TBC)		3.7838890428		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)		2.4075873193		0		1		-1										The Command/Tasking Authority and User require that the system shall be easy to operate, requiring minimal training (X hours per annum)		2.4075873193		0		1		-1				The Command/Tasking Authority and User require that the system shall be easy to operate, requiring minimal training (X hours per annum)		2.4075873193		0		1		-1

				The Command/Tasking Authority and User require that the system shall be rapidly deployable within X minutes.		4.450613219		0		-2		0										The Command/Tasking Authority and User require that the system shall be rapidly deployable within X minutes.		4.450613219		0		-2		0				The Command/Tasking Authority and User require that the system shall be rapidly deployable within X minutes.		4.450613219		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.		4.892555221		0		-1		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.		4.892555221		0		-1		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.		4.892555221		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.		3.3944764086		0		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.		3.3944764086		0		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.		3.3944764086		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)		5.7278556033		0		-1		-2										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)		5.7278556033		0		-1		-2				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)		5.7278556033		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)		8.4397036364		0		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)		8.4397036364		0		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)		8.4397036364		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.		1.288373474		0		0		-1										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.		1.288373474		0		0		-1				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.		1.288373474		0		0		-2

				The Procurement Body and Manufacturer require that the system will be constructed utilising technology and components manufacturable within the UK economy.		1.4835430997		0		0		0										The Procurement Body and Manufacturer require that the system will be constructed utilising technology and components manufacturable within the UK economy.		1.4835430997		0		0		0				The Procurement Body and Manufacturer require that the system will be constructed utilising technology and components manufacturable within the UK economy.		1.4835430997		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.		2.513551667		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.		2.513551667		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.		2.513551667		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.		1.4136008444		0		2		1										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.		1.4136008444		0		2		1				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.		1.4136008444		0		2		1

				Score:				0		-3.5475225072		-55.4373254107										Score:				0		-121.3609565395		-9.6817104671				Score:				0		-121.3609565395		36.105708459



																																																																																																								0								0								0								0								0

																																																																																																								0								0								0								0								0





System Pugh (Scenario 2)

		ACTIVITY SUMMARY

				Project Name:  HESH Example for course



						Relative Importance Equal		Drone		Robot Dog		Loitering Munition

				WHATs - Customer Requirements												Solutions						Scenario 2

				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)		3.0944263225		0		2		1				Option 1		Robot Dog				External Mounted Antenna

				The Command/Tasking Authority, User and Procurement body require that the system shall successfully neutralise the target specififed within the mission brief		11.4389037359		0		-2		2				Option 2		Drone

				The Command/Tasking Authority and Procurement body require that the system may be capable of being used against a range of alternative targets		1.6132942436		0		-2		2				Option 3		Loitering Munition

				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. 		23.5378962		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		9.7103853107		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		12.2229454963		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)		3.7838890428		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)		2.4075873193		0		1		-1

				The Command/Tasking Authority and User require that the system shall be rapidly deployable within X minutes.		4.450613219		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.		4.892555221		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.		3.3944764086		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)		5.7278556033		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)		8.4397036364		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.		1.288373474		0		0		-1

				The Procurement Body and Manufacturer require that the system will be constructed utilising technology and components manufacturable within the UK economy.		1.4835430997		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.		2.513551667		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.		1.4136008444		0		2		1

				Score:				0		-121.3609565395		-9.6817104671



																																																																																																								0								0								0								0								0

																																																																																																								0								0								0								0								0





System Pugh (Scenario 3)

		ACTIVITY SUMMARY

				Project Name:  HESH Example for course



						Relative Importance Equal		Drone		Robot Dog		Loitering Munition

				WHATs - Customer Requirements												Solutions						Scenario 3

				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)		3.0944263225		0		2		1				Option 1		Robot Dog				Going in blind complete destruction.

				The Command/Tasking Authority, User and Procurement body require that the system shall successfully neutralise the target specififed within the mission brief		11.4389037359		0		-2		2				Option 2		Drone

				The Command/Tasking Authority and Procurement body require that the system may be capable of being used against a range of alternative targets		1.6132942436		0		-2		2				Option 3		Loitering Munition

				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. 		23.5378962		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		9.7103853107		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		12.2229454963		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)		3.7838890428		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)		2.4075873193		0		1		-1

				The Command/Tasking Authority and User require that the system shall be rapidly deployable within X minutes.		4.450613219		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.		4.892555221		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.		3.3944764086		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)		5.7278556033		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)		8.4397036364		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.		1.288373474		0		0		-2

				The Procurement Body and Manufacturer require that the system will be constructed utilising technology and components manufacturable within the UK economy.		1.4835430997		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.		2.513551667		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.		1.4136008444		0		2		1

				Score:				0		-121.3609565395		36.105708459



																																																																																																								0								0								0								0								0

																																																																																																								0								0								0								0								0





Solution QFD 1 (2)



				 				Importance		How

										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

				What		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.

tc={1165A8A9-30AD-4499-808C-8D26060DFD27}: [Threaded comment]
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Comment:
    Split
Reply:
    Re-Written to be sufficiently generic		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		Identified as a Sub-system requirement due to architectual design choice																																																								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		Identified as dependent on all functionality																																																								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.
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Comment:
    Split
Reply:
    Re-Written to be sufficiently generic		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		Identified as dependent on all functionality																																																								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		Identified as dependent on all functionality																																																								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)

										How Much

Split



Re-Written to be sufficiently generic



Change wording







Solution QFD1 Results



Solution Based QFD1 Results







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	99.045486009880861	63.281616839634459	7.8450896275988384	57.461710154832453	186.12946745557372	125.07436105226884	125.07436105226884	133.78281174146358	130.16321087530358	128.19349546692362	3.3944764085595476	15.06785158539903	33.581769151085673	15.06785158539903	10.252676946865568	115.24330469838159	27.849836902242451	118.34503263695387	185.8569932984596	410.04361004869526	183.23100637278205	5.8020637278262779	97.211285603747172	177.42894264495578	335.54050993331032	16.43714505116175	82.447868645082892	80.536935336181045	







Functional Metrics (1) 



				Function:- (Insert Specific function here)

Test method and relationship to requirements

				Importance		How

										Packed Weight Measurement		Unpacking Time Test		Post-Use clearup time test		Human Portability Study		Weapons Hazard Classification Testing (In Packagaing)		Munition Fill EMTAP (Sensitivity) Testing 		Munition Fill SSHT (Sensitivity) Testing)		Propellant EMTAP (Sensitivity) Testing 		Propellant SSHT (Sensitivity) Testing)		Deployment Time on Target (TOT) Testing		Lethality & Effect Trials		Blast Pressure Testing		Initiation System function testing		Initiation System SSHT (Sensitivity) Testing)		Environmental & Simulated Aging  Testing		Inititial User trials & time to competency assesment		Target Acquisition Trials		Range & Endurance Trials		Guidance System Trials

				What		Customer Requirements																																										Add requirements detail and definition in here.

						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										9		9		9		9		9										9		9

						The Command/Tasking Authority, User and Procurement body require that the system shall successfully neutralise the target specififed within the mission brief		11																				3		9		9		9						1		9				9

						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		9		9				1		3		9		9		9

						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																						9		9										3				3

						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		9		9		9

						The Command/Tasking Authority, User and Procurement Body require that the system shall function within its specified performance requirements (TBC) during TBC% of deployments.
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    Split
Reply:
    Re-Written to be sufficiently generic		12																										9								9

						The Command/Tasking Authority, Procurement Body and Logistics body require that the system shall have a shelf life of X years (TBC)		4																														9

						The Command/Tasking Authority and User require that the system shall be easy to operate, requiring minimal training (X hours per annum)		2																																9		3

						The Command/Tasking Authority and User require that the system shall be rapidly deployable within X minutes.		4				9		3		1												9												9		3

						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		9						9																								1

						The Command/Tasking Authority and User require that the system should be capable of being utilised operationally  by the minimum number of personnel necessary.
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Comment:
    Split
Reply:
    Re-Written to be sufficiently generic		3								9																								9

						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

						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																																3

						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				3

						The Procurement Body and Manufacturer require that the system will be constructed utilising technology and components manufacturable within the UK economy.		1

						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										9		3		3		3		3										3		3

						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												3		3		3		3										3

										44		40		13		79		50		40		40		40		40		74		341		341		231		40		71		168		410		102		279









										Individual & Multi-Person Lift weights should be ALARP, inline with HSWA1974 & JSP 375 Vol 1, Ch. 10		Unpacking time should be as quick as reasonably practicable to allow for rapid deployment		Clear-up time should be as quick as reasonably practicable to allow for rapid conclusion  of operations		The system should be assessed and user feedback should be sought regarding it's portability by the intended user group		The munition should be packaged so that it meets the safets possible Hazard Classification for  ongoing transportation & Storage		The Munition's main fill should be in accordance with MoD & NATO insensitive munitions policies (DSA 03  OME Pt.1 (JSP520)) 		The Munition's main fill should be in accordance with MoD & NATO insensitive munitions policies (DSA 03  OME Pt.1 (JSP520)) 		The Munition's propellant should be in accordance with MoD & NATO insensitive munitions policies (DSA 03  OME Pt.1 (JSP520)) 		The Munition's propellant should be in accordance with MoD & NATO insensitive munitions policies (DSA 03  OME Pt.1 (JSP520)) 		The TOT should be ALARP		A representation of the target should be succsessfully neutralised during testing		The blast overpresssure should be such as to achieve the required affect whilst minimising collateral damage.		The initiation system should function reliably 99% of the time.		The Munition's initiation system should be in accordance with MoD & NATO insensitive munitions policies (DSA 03  OME Pt.1 (JSP520)) 		The munition (and packaging) should meet the standards specified in DSA 03 OME Pt.1 (JSP520)		The user should be consulted and given an initial training & usage session. The time to gain competency should be assed to be within reasonable levels.		A representative target should be able to be successfully acquired by a competent operator in a range of weather conditions 99% of the time.		The range/endurance of the system shall be tested to ensure it exceeds the minimum specified within the misssion brief and performs on-par with alternative systems with regard to potential future uses.		Once Acquired, the munition should be able to hit a representative target  in a range of weather conditions 99% of the time.

										How Much

Split



Re-Written to be sufficiently generic



Change wording







FMA (Improved Drone)



				Function Means Analysis

				System		Project Trojan - Drone				Author										Date				Issue

				Function		Means

				Identify Modular Components		Engravement		Colour		Paint		Lables		Braille		Scanner		Voice ID		QR code		Barcode										Elimination Criteria												Solutions

				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



























System Pugh (Drone Comparison)

		ACTIVITY SUMMARY

				Project Trojan - Scenario 1: Disrupt External Electricity Supply										Project Trojan - Scenario 2: External Mounted Antenna										Project Trojan - Scenario 3: Going In Blind										Solutions

																																		Option 1		Drone

				Scenario 1: Disrupt External Electricity Supply

(Dave did not like this one - life support of orphanage)		Relative Importance Equal		Drone		Modular 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										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)		3.0944263225		0		2				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)		3.0944263225		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)		3.0944263225		0		0

				The Command/Tasking Authority, User and Procurement body require that the system shall successfully neutralise the target specified within the mission brief		11.4389037359		0		-1				The Command/Tasking Authority, User and Procurement body require that the system shall successfully neutralise the target specified within the mission brief		11.4389037359		0		2				The Command/Tasking Authority, User and Procurement body require that the system shall successfully neutralise the target specified within the mission brief		11.4389037359		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		1.6132942436		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		1.6132942436		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		1.6132942436		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. 		23.5378962		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. 		23.5378962		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. 		23.5378962		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		9.7103853107		0		-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		9.7103853107		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		9.7103853107		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		12.2229454963		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		12.2229454963		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		12.2229454963		0		1

				The Command/Tasking Authority, Procurement Body and Logistics body require that the system shall have a shelf life of X years (TBC)		3.7838890428		0		1				The Command/Tasking Authority, Procurement Body and Logistics body require that the system shall have a shelf life of X years (TBC)		3.7838890428		0		2				The Command/Tasking Authority, Procurement Body and Logistics body require that the system shall have a shelf life of X years (TBC)		3.7838890428		0		2

				The Command/Tasking Authority and User require that the system shall be easy to operate, requiring minimal training (X hours per annum)		2.4075873193		0		1				The Command/Tasking Authority and User require that the system shall be easy to operate, requiring minimal training (X hours per annum)		2.4075873193		0		-1				The Command/Tasking Authority and User require that the system shall be easy to operate, requiring minimal training (X hours per annum)		2.4075873193		0		-1

				The Command/Tasking Authority and User require that the system shall be rapidly deployable within X minutes.		4.450613219		0		-2				The Command/Tasking Authority and User require that the system shall be rapidly deployable within X minutes.		4.450613219		0		-1				The Command/Tasking Authority and User require that the system shall be rapidly deployable within X minutes.		4.450613219		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.		4.892555221		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.		4.892555221		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.		4.892555221		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.		3.3944764086		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.		3.3944764086		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.		3.3944764086		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)		5.7278556033		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)		5.7278556033		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)		5.7278556033		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)		8.4397036364		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)		8.4397036364		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)		8.4397036364		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.		1.288373474		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.		1.288373474		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.		1.288373474		0		0

				The Procurement Body and Manufacturer require that the system will be constructed utilising technology and components manufacturable within the UK economy.		1.4835430997		0		0				The Procurement Body and Manufacturer require that the system will be constructed utilising technology and components manufacturable within the UK economy.		1.4835430997		0		0				The Procurement Body and Manufacturer require that the system will be constructed utilising technology and components manufacturable within the UK economy.		1.4835430997		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.		2.513551667		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.		2.513551667		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.		2.513551667		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.		1.4136008444		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.		1.4136008444		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.		1.4136008444		0		2

				Score:				0		-3.5475225072				Score:				0		41.163368422				Score:				0		41.163368422







																																																																																																						0								0								0								0								0

																																																																																																						0								0								0								0								0





N2 Analysis (Functional) (2)

				Improved Drone Solution - N2 Analysis

																																		External Input

						ID Warhead		Warhead to unpack																																																		Warhead Info												0						ID Warhead		1		1																																																												2

								Unpack Warhead		Warhead to check										Packaging																																																		0								Unpack Warhead		1										1																																																		2

										Check Warhead																		Warhead to Assemble		Warhead to Interface																																								0										Check Warhead																																																												0

												ID Camera		Camera too Upnack																																																								0												ID Camera		1		1																																																						2

														Unpack Camera		Camera to check				Packaging																																																		0														Unpack Camera		1				1																																																		2

																Check Camera												Camera to Assemble																																										0																Check Camera																																																						0

																		Unpack Drone		Packaging		Drone to Set up		Drone to Communicate																																														0																		Unpack Drone		1		1		1		1																																												4

																				Manage Waste																																																		0																				Manage Waste																																																		0

																						Set Up Drone						Drone to Assemble		Drone to Interface																																								0																						Set Up Drone																																																0

																								Communicate With Drone		Signal						Signal																																						0																								Communicate With Drone		1																																												1

																								Feedback		Drone System Check																																												0																										Drone System Check																																												0

																												Assemble System		System																																								0																												Assemble System																																										0

																														Interface Warhead/Drone		Signal																																						0																														Interface Warhead/Drone																																								0

																														Feedback		Communication Check										Ready to Launch																												0																																Communication Check																																						0

																																		Receive Target Data		Data																Data																		0																																		Receive Target Data																																				0

																																				Input Target Data		Data														Data																		0																																				Input Target Data																																		0

																																						Create Route Plan				Ready to Launch						Route																						0																																						Create Route Plan																																0

																																								Physically Arm																Partially Armed System														0																																								Physically Arm																														0

																																Feedback										Prepare for Launch		Ready Signal																										0																																										Prepare for Launch																												0

																																												Generate Motive Force		Movement				Motive Force																				0																																												Generate Motive Force																										0

																																														Stablise System				Stablisation																				0																																														Stablise System																								0

																																																Navigate to Target		Signal																				0																																																Navigate to Target																						0

																																														Instablitily		Feedback		Move to Target																				0																																																		Move to Target																				0

																																Feedback?																				ID Target Location		Data																0																																																				ID Target Location																		0

																																																						Lock onto Target																0																																																						Lock onto Target																0

																																																								Fully Arm System				Ready Signal										0																																																								Fully Arm System														0

																																																										Make Safe								Safe Sustem		Safet System		0																																																										Make Safe												0

																																																												Initiate System		Initiation								0																																																												Initiate System										0

																																																														Deliver Terminal Effect								0																																																														Deliver Terminal Effect								0

																																																																Pack System						0																																																																Pack System						0

																																																																		Manage Dud				0																																																																		Manage Dud				0

																																																																				Disposal		0																																																																				De Mill		0

						0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0								0		1		2		0		1		2		0		3		1		1		2		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

																																																														Effect to Target





QFD 2



				 				Importance		How

										Colour		Lables		Barcode		Manual		Radio		FiberOptic		Interactive Control Module		Software Soft Check		Motor Test Fire Up		Visual Inspection		Confirmation On Control Module		Mechanical Latch + Pin		Clip Fit		Proprietry (Bespoke) Interface		Physical inspection		Circuit Resistance Check		Virtally from command 		Algorithmic		Recives from reconisence		Pins		Place on ground		4 Motor		Foldable Propelers		Gyroscopic		Computer controled thrust vectoring		User Guided		AI Pilot Assistance		Visual Identification		Thermal Immaging		EMR Sensing and Triangulation System		Manual Target Locking		Software Arming		Remote Arming		Proximity to defined target		Vertical Climb		Detonate		Land in Situe		Undo Arming Sequence		Exploding Bridge Wire		High Voltage Electric		Blast 		Disassemble		Military EOD		Self Destruct

				What		Customer Requirements																																																																																												Target Values

						Identify Modular Components		99.0		9		9		9								3																																																																												System correctly identified TBC% of the time in trials scenario.

						Unpack System		63.3								9																																																																																		Specification TBC (Solution Dependant)

						Manage Waste		7.8								9																																																																																		Specification TBC (Solution Dependant)

						Set Up Drone		57.5								9																																																																																		Drone should be capable of being deployeed within TBC minuets

						Communicate with Drone		186.1										9		9		9																				3																																																								Communication with drone must be etablished and manitained through `the whole mission.

						Drone System Check		125.1														9		9		9		9		3																																																																				The user should be able to idenitfy the drone is ready and working corrects during TBC% of deployments.

						Check Warhead		125.1														3		3				9		3																																																																				Warhead condition must be checked with an accuracy of TBC%

						Assemble System		133.8																								9		9		3																		9																																												Specification TBC (Solution Dependant)

						Interface Drone and Warhead		130.2																												9																																																														Drone and Warhead should succefuly interfact on TBC% of connections.

						Connection Check		128.2														3		9						3								9		9																																																										User capable of identifying the system is ready TBC% of the time during trials.

						Receive Target Data		3.4														3								3												9				9																																																				Specification TBC

						Input Target Data		15.1								9						3								3												9																																																								Target data should be inputable into the system within TBC number of minuets

						Create Route Plan		33.6														9								3														9		9																																																				Routeplan should be generated within TBC numnber of minuets.

						Physically Arm		15.1								9																																9																																																		The system must have atleast 1 manual arming mechanism.

						Prepare for Launch		10.3								9																																		9																																																Specification TBD

						Generate motive force		115.2																																												9		9																																												Sufficient motive force as required to reach target provided in TBC% of deployments.

						Stabilise System		27.8														3								3														3												9		9				3																																				System to remain stabilised during operation in TBC% of deployments.

						Navigate to target		118.3								9						9								9																														9		3																																				Specification TBC 

						Move to target		185.9																																																		9		9		3																																				System to follow defined track to target with an accuracy of TBC%

						Identify exact target location		410.0														9								9																																		9		9		9																														Target can be aquired with an accuracy of TBC%

						Lock onto Target		183.2								9						9								9																																								9																												The system must be able to locate the targets exact location in TBC% of location

						Fully Arm System		5.8								9						9																										3																								9		9		9																						System must have atleast one secondary arming system.

						Make safe		97.2								3																																3																														9		9		9		9		3		3						3		3		System to be made safe in TBC% of aborted deployments.

						Initiate system		177.4																																								3																								3		3												9		9										Specification TBC (Solution Dependant)

						Deliver terminal effect		335.5																																								3																								3		3		9				9						9		9		9								Terminal effect performance to be determined vis practical trialing of simulant scenarios.

						Pack system		16.4								9																																																																												9						Specification TBC (Solution Dependant)

						Manage dud		82.4																																																																																				9		9				Specification TBC (Solution Dependant)

						Disposal		80.5																																																																																				9		9		9		Specification TBC (Solution Dependant)

										891		891		891		4727		1675		1675		10756		2655		1126		2251		7779		1204		1204		1573		1154		1154		725		386		333		1984		92		1037		2241		251		1923		2738		996		3690		3690		3690		1649		1591		1591		3072		875		3895		875		875		4908		4908		3020		1615		1758		1016









										Colour identifyable from TBC meaters with an accuracy of TBC%		Label capable of identifying round correctly during trial in TBC% of test		Barcode capable of iteroperating with UK stock management systems to track the muntion through life		Manual handeling and task specifications TBD during trials		Communication with the drone capable within the radio frequency range 		Capable of comunicating via fibre optics at a range of atleast 100m		Capable of controling all required fucntions of the drone		Confirm that the system software has booted correctly retuning a result in TBC% of tests		Motors visually demosntrate function consistently when no errors are present.		Visual checks TBC during testing		User capable of identifying the systems current status within TBC seconds on TBC% of trials		Mechanical latch and pin capable of retaining the system during TBC% of system trials		Warhead module capable of being attached in TBC seconds and stays attached during TBC% of deploymens		Interface capable of poriving comunication between sub-systems during TBC% of correct instalations		Inspection regime TBD through testing		Resistance check capable of detection hardware fault for TBC% of errors		System capable of receving instruction from command centers TBC Km away		System capable of planning route to target withinTBC minuets		Targeting data from reconisance capble of being input in TBC seconds		Safety pin capable of isolating the safety and arming unit when  installed in 100% of deployments.		TBC		Motors capabale of generating a thrust of TBC N at peak.		Propelers capable of being folded to a size of TBC cm		System capable of maitaining its orientation within TBC% od requested value in the mission perscribed conditions		Computer system capable of altering the motor thrust to provide directional changes up to TBC G.		User should be capable of guiding the system to target during TBC% of deployments		AI piloting assitance should reduce the number of drone colisions by TBC%		System should be visualy identifyable within TBC s in TBC% of trials. 		User capable of identifying a IR soource with emmitance TBC withint TBC s		System capable of tringulating a simulaent comunication system within TBC minuets of reaching the target location		User capable of locking ont the target withinTBC s in TBC% of engagements		Software must be capable of arming the system in TBC% of requests		Software must be capable of arming the system in TBC% of requests		System capable of identifying its range to target with an accuracy of TBC m		System capable of achieving a vertical climb to TBC Meters in TBC seconds		System capable of complete detonation in TBC% od requests		System capable of landing safeky in TBC% of reqests		System capable of being un-armed in TBC% of arming cycles.		Exploding bridge wire capable of detonating the terminal effect in TBC % of deployments		HV electric system capable of detonating the EBW in TBC% od requests		Blast effect capable of destorying the target in TBC% of deployments.		System capable of being dissasembled in TBC s		System capable of being safely idsposed of by UK EOD		System self distructs correctly in TBC% of requests

										How Much





QFD 2 Results







Colour	Lables	Barcode	Manual	Radio	FiberOptic	Interactive Control Module	Software Soft Check	Motor Test Fire Up	Visual Inspection	Confirmation On Control Module	Mechanical Latch + Pin	Clip Fit	Proprietry (Bespoke) Interface	Physical inspection	Circuit Resistance Check	Virtally from command 	Algorithmic	Recives from reconisence	Pins	Place on ground	4 Motor	Foldable Propelers	Gyroscopic	Computer controled thrust vectoring	User Guided	AI Pilot Assistance	Visual Identification	Thermal Immaging	EMR Sensing and Triangulation System	Manual Target Locking	Software Arming	Remote Arming	Proximity to defined target	Vertical Climb	Detonate	Land in Situe	Undo Arming Sequence	Exploding Bridge Wire	High Voltage Electric	Blast 	Disassemble	Military EOD	Self Destruct	891.40937408892773	891.40937408892773	891.40937408892773	4726.7622575673213	1675.1652071001636	1675.1652071001636	10755.742316282496	2654.6337918295385	1125.6692494704196	2251.3384989408391	7779.2852963821242	1204.0453056731722	1204.0453056731722	1572.817333102123	1153.7414592023126	1153.7414592023126	724.54935431234844	385.7854330664984	332.78621003680701	1983.5590699981099	92.274092521790109	1037.1897422854342	2241.2350479586066	250.64853212018207	1923.3614718063186	2737.8182334187213	996.15558851296771	3690.3924904382575	3690.3924904382575	3690.3924904382575	1649.0790573550385	1591.1269312852348	1591.1269312852348	3072.0831629502291	874.9015704337246	3894.7661598335171	874.9015704337246	874.9015704337246	4908.3589300156364	4908.3589300156364	3019.8645893997927	1614.7975412918313	1758.4970926426167	1016.466274836871	







Functional Metrics (2)



				Function:- (Insert Specific function here)

Test method and relationship to requirements

				Importance		How

										Packed Weight Measurement		Unpacking Time Test		Post-Use clearup time test		Human Portability Study		Weapons Hazard Classification Testing (In Packagaing)		Munition Fill EMTAP (Sensitivity) Testing 		Munition Fill SSHT (Sensitivity) Testing)		Propellant EMTAP (Sensitivity) Testing 		Propellant SSHT (Sensitivity) Testing)		Deployment Time on Target (TOT) Testing		Lethality & Effect Trials		Blast Pressure Testing		Initiation System function testing		Initiation System SSHT (Sensitivity) Testing)		Munition Environmental & Simulated Aging  Testing		Inititial User trials & time to competency assesment		Target Acquisition Trials		Range & Endurance Trials		Guidance System Trials		Assembly / Setup / Ready for use Trials		EW Susceptability Testing		Electronics Environmental Testing

				What		Customer Requirements																																																Add requirements detail and definition in here.

						Identify Modular Components		99.0				1				1								NOT APPLICABLE		NOT APPLICABLE		3												Equally Importnant For ALL

						Unpack System		63.3		9		9				9

						Manage Waste		7.8						9		9

						Set Up Drone		57.5		3						3												3																				9

						Communicate with Drone		186.1																																								9		3

						Drone System Check		125.1																																								9		3

						Check Warhead		125.1												3		3																										9

						Assemble System		133.8																																								9

						Interface Drone and Warhead		130.2												3		3												3		3												9

						Connection Check		128.2																																								9

						Receive Target Data		3.4																																		9						3

						Input Target Data		15.1																																		9						3

						Create Route Plan		33.6																																		9						3

						Physically Arm		15.1																										9		3												3

						Prepare for Launch		10.3																				9																				3

						Generate motive force		115.2																				9														3		9		9

						Stabilise System		27.8																				9														3		9		9

						Navigate to target		118.3																				9														9		9		9

						Move to target		185.9																				9														9		9		9

						Identify exact target location		410.0																				9														9

						Lock onto Target		183.2																				9														9

						Fully Arm System		5.8																				9						9		9

						Make safe		97.2																				9						9		9

						Initiate system		177.4												9		9						9						9		9

						Deliver terminal effect		335.5												9		9						9		9		9		9

						Pack system		16.4		9				9		9

						Manage dud		82.4												9		9												9		9		1

						Demil		80.5												9		9												9		9		1

										890		669		219		1060		0		6849		6849		0		0		15471		3020		3020		7537		4427		163		0		8975		4026		4026		8205		934		0









										Individual & Multi-Person Lift weights should be ALARP, inline with HSWA1974 & JSP 375 Vol 1, Ch. 10		Unpacking time should be as quick as reasonably practicable to allow for rapid deployment		Clear-up time should be as quick as reasonably practicable to allow for rapid conclusion  of operations		The system should be assessed and user feedback should be sought regarding it's portability by the intended user group		The munition should be packaged so that it meets the safets possible Hazard Classification for  ongoing transportation & Storage		The Munition's main fill should be in accordance with MoD & NATO insensitive munitions policies (DSA 03  OME Pt.1 (JSP520)) 		The Munition's main fill should be in accordance with MoD & NATO insensitive munitions policies (DSA 03  OME Pt.1 (JSP520)) 		The Munition's propellant should be in accordance with MoD & NATO insensitive munitions policies (DSA 03  OME Pt.1 (JSP520)) 		The Munition's propellant should be in accordance with MoD & NATO insensitive munitions policies (DSA 03  OME Pt.1 (JSP520)) 		The TOT should be ALARP		A representation of the target should be succsessfully neutralised during testing		The blast overpresssure should be such as to achieve the required affect whilst minimising collateral damage.		The initiation system should function reliably 99% of the time.		The Munition's initiation system should be in accordance with MoD & NATO insensitive munitions policies (DSA 03  OME Pt.1 (JSP520)) 		The munition (and packaging) should meet the standards specified in DSA 03 OME Pt.1 (JSP520)		The user should be consulted and given an initial training & usage session. The time to gain competency should be assed to be within reasonable levels.		A representative target should be able to be successfully acquired by a competent operator in a range of weather conditions 99% of the time.		The range/endurance of the system shall be tested to ensure it exceeds the minimum specified within the misssion brief and performs on-par with alternative systems with regard to potential future uses.		Once Acquired, the munition should be able to hit a representative target  in a range of weather conditions 99% of the time.		Extensive testing, both lab and field based, should be carried out prior to user trials to ensure that the setup process in simple, works reliably and is as quick as possible		The UAS shall not be susceptible to any EW threats as deemed important via DI/DSTL/DE&S/AHQ Assessment		The electronics shall withstand a wide range of environmental conditions as deemed necessary in the mission brief.

										How Much





N2 Analysis (Solution)

				Improved Drone Solution - N2 Analysis

																																						External														External								External		External		External																								External

						Barcode												1																																																																										1

								Colour				1																																																																																1

										Label		1																																																																																1

												Manual												1				1		1														1		1										1										1																				1						8

														Radio				1																																																																										1

																Fiber Optic		1																																																																										1

												1		1		1		ICM		1		1				1						1				1				1								1						1		1		1										1		1		1		1				1		1		1								1		21

																		1		Software Check																																																																								1

																		1				Motor Test		1																																																																				2

																								Visual Inspection										1																																																										1

												1														ICM Confirmation																																																																		1

																												Mechanical Latch				1																																																												1

																														ClipFit		1																																																												1

																		1														Bespoke Interface																																				1		1												1										4

																																		Physical Inspection																																																										0

																										1										Circuit R Check																																																								1

																		1																				Virtual Command																																																						1

																		1																						Algorithmic																																																				1

												1																														Reconnaisance Info																																																		1

																																												Arming Pins																																						1										1

																																														Place On Ground																																														0

																																																Four Motor		1																																										1

																																																		Propellers				1																																						1

																		1																																		Gyro																																								1

																																																				1		Thrust Vectoring																																						1

																		1																																						User Guided																																				1

																		1																																								AI Assistance																																		1

																		1																																										Visual ID																																1

																		1																																												Thermal Imaging																														1

																		1																																														EMR Sensing																												1

																		1																																																Manual Lock																										1

																		1																																																		Software Arming														1										2

																		1																																																				Remote Arming												1										2

																		1																																																						Proximity Fuze										1										2

																		1																																																								Vertical Climb																		1

																																																																												Detonate								1						1		2

																		1																																																												Land in Situ														1

																																																																				1		1										Undo Arming												2

																																																																												1						HVEBW										1

																																																																																				Blast								0

																																																																																						Dis Assemble						0

																																																																																						1		EOD				1

																																																																																										Self Distruct		0

																										External								External																																																		External						External

						0		0		0		5		1		1		20		1		1		2		2		1		1		3		1		1		0		1		0		1		1		1		1		1		2		2		1		0		0		0		1		3		3		1		1		1		1		1		6		1		2		0		2





N2 Analysis (Warhead Sub_Syst)

				Improved Drone Solution - N2 Analysis

																								External																				External

						Barcode																																										0

								Colour				1																																				1

										Label		1																																				1

												Manual		1		1		1								1																1						5

														Visual Inspection								1																										1

																Mechanical Latch				1																												1

																		ClipFit		1																												1

																				Bespoke Interface				1				1		1		1				1		1										6

																						Physical Inspection																										0

																				1				Circuit R Check																								1

																										Arming Pins												1										1

																												Software Arming										1										1

																				1										Remote Arming								1										2

																																Proximity Fuze						1										1

																																		Detonate						1						1		2

																												1		1						Undo Arming												2

																																		1				HVEBW										1

																																								Blast								0

																																										Dis Assemble						0

																																										1		EOD				1

																																														Self Distruct		0

						External																External																		External						External

						0		0		0		2		1		1		1		4		1		1		1		2		2		1		1		1		5		1		2		0		1





Requirements (Initiation SubS)

		ACTIVITY SUMMARY



				Key Stakeholders:		Explanation

				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 & distrubting 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

				Design Engineers		The team involved in the systems engineering and design of the product.



		Num.		Level 1		Originator		Level 2		Level 3		Comments		Justification For Exlusion From Pairwise

		1		Safety		User, Command/Tasking Authority, Procurement Body, Logistics/Supply Chain, Manufacturer(s), Legislative Bodies		All key stakeholders require that the initiation sub-system must adhere to all relevant regulations & legislation (REACH, UK, International)		NFS		Direct from user requirement.		Not included in pairwise comparison since all functions must be in compliance/accordance with related legislation

		2		Safety		User, Command/Tasking Authority, Procurement Body, Logistics/Supply Chain, Manufacturer(s), Legislative Bodies		All key stakeholders require that the initiation sub-system must be safe throughout the product life cycle (Manufacture to Target or Disposal Sequence)		NFS		Direct from user requirement.		Not included in pairwise comparison since all functions must be as safe as reasonably practicable (ASARP)

		3		Safety		User, Command/Tasking Authority, Legislative Bodies		The Command/Tasking Authority, User and Legislative Bodies require that the initiation sub-system should only function when the delivery of the terminal effect is requested by the operator. 		NFP		Modified from user requirement 4.

		4		Safety		Procurement Body, Logistics/Supply Chain, Manufacturer(s), Legislative Bodies		The Procurement Body, Logistics Body, Legislative Bodies and Manufacturer require that the initiation sub-system shall, at end-of-life, be capable of being removed from the warhead sub-system to enable safe disposal		NFS		Modified from user requirement.

		5		Performance		User, Command/Tasking Authority, Logistics/Supply Chain		The Command/Tasking Authority, User and the Logistics body all require that the initiation sub-system shall be resistant to the environmental conditions specified within the mission brief (AOP 15A, specified as N. Europe)		NFS		Direct from user requirement.

		6		Performance		User, Command/Tasking Authority, Procurement Body		The Command/Tasking Authority, User and Procurement Body require that the initiation sub-system shall function within its specified performance requirements (TBC) during TBC% of deployments.		NFP		Direct from user requirement.

		7		Cost 		Command/Tasking Authority, Procurement Body, Logistics/Supply Chain		The Command/Tasking Authority, Procurement Body and Logistics body require that the initiation sub-system shall have a shelf life of X years (TBC)		NFS		Direct from user requirement.

		8		Cost		Command/Tasking Authority, Procurement Body, Manufacturer(s)		The Command/Tasking Authority, Procurement Body and Manufacturer require that the initiation sub-system should be cost effective throughout the product life cycle (Manufacture to Target or Disposal Sequence).		NFS		Modified from user requirement.

		9		Manufacturability		Procurement Body, Manufacturer(s)		The Procurement Body and Manufacturer require that the initiation sub-system will be constructed utilising technology and components manufacturable within the UK economy.		NFS		Direct from user requirement.

		10		Integration 		Design Engineers		The Design Engineers require the initiation sub-system shall be activated via an electronic signal (Specification TBD) to allow integration into the system. 		NFIR		Derived requirements form system architecture.

		11		Integration		Design Engineers		The Design Engineers require the initiation sub-system should be compact (Specification TBD) to allow integration into the system.  		NFIR		Derived requirements form system architecture.



























 Initiation Sub S Req PW



						1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		Calc				Calc

				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 Legislative Bodies require that the initiation sub-system should only function when the delivery of the terminal effect is requested by the operator. 		The Procurement Body, Logistics Body, Legislative Bodies and Manufacturer require that the initiation sub-system shall, at end-of-life, be capable of being removed from the warhead sub-system to enable safe disposal		The Command/Tasking Authority, User and the Logistics body all require that the initiation sub-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 initiation sub-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 initiation sub-system shall have a shelf life of X years (TBC)		The Command/Tasking Authority, Procurement Body and Manufacturer require that the initiation sub-system should be cost effective throughout the product life cycle (Manufacture to Target or Disposal Sequence).
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Comment:
    Split
Reply:
    Re-Written to be sufficiently generic		The Procurement Body and Manufacturer require that the initiation sub-system will be constructed utilising technology and components manufacturable within the UK economy.		The Design Engineers require the initiation sub-system shall be activated via an electronic signal (Specification TBD) to allow integration into the system. 		The Design Engineers require the initiation sub-system should be compact (Specification TBD) to allow integration into the system.  																		Row Product		nth root of row product		Total Normalised

		1		The Command/Tasking Authority, User and Legislative Bodies require that the initiation sub-system should only function when the delivery of the terminal effect is requested by the operator. 		1		9		5		2		9		9		9		1		5																		3.28E+05		4.10		29

		2		The Procurement Body, Logistics Body, Legislative Bodies and Manufacturer require that the initiation sub-system shall, at end-of-life, be capable of being removed from the warhead sub-system to enable safe disposal		0.11		1		0.2		0.11		2		1		5		0.2		0.2																		9.68E-04		0.46		3

		3		The Command/Tasking Authority, User and the Logistics body all require that the initiation sub-system shall be resistant to the environmental conditions specified within the mission brief (AOP 15A, specified as N. Europe)		0.2		5		1		0.5		5		2		5		1		2																		5.00E+01		1.54		11

		4		The Command/Tasking Authority, User and Procurement Body require that the initiation sub-system shall function within its specified performance requirements (TBC) during TBC% of deployments.		0.5		9		2		1		9		9		9		5		5																		1.64E+05		3.80		27

		5		The Command/Tasking Authority, Procurement Body and Logistics body require that the initiation sub-system shall have a shelf life of X years (TBC)		0.11		0.5		0.2		0.11		1		1		2		0.5		0.2																		2.42E-04		0.40		3

		6		The Command/Tasking Authority, Procurement Body and Manufacturer require that the initiation sub-system should be cost effective throughout the product life cycle (Manufacture to Target or Disposal Sequence).
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Comment:
    Change wording		0.11		1		0.5		0.11		1		1		5		0.2		0.5																		3.03E-03		0.52		4

		7		The Procurement Body and Manufacturer require that the initiation sub-system will be constructed utilising technology and components manufacturable within the UK economy.		0.11		0.2		0.2		0.11		0.5		0.2		1		0.2		0.2																		1.94E-06		0.23		2

		8		The Design Engineers require the initiation sub-system shall be activated via an electronic signal (Specification TBD) to allow integration into the system. 		1		5		1		0.2		5		5		5		1		1																		1.25E+02		1.71		12

		9		The Design Engineers require the initiation sub-system should be compact (Specification TBD) to allow integration into the system.  		0.2		5		0.5		0.2		5		2		5		1		1																		5.00E+00		1.20		9

		10																																						0.00E+00		0.00		0

		11		
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Comment:
    Change wording																																				0.00E+00		0.00		0

		12																																						0.00E+00		0.00		0

		13																																						0.00E+00		0.00		0

		14																																						0.00E+00		0.00		0

		15																																						0.00E+00		0.00		0

		16																																						0.00E+00		0.00		0

		17																																						0.00E+00		0.00		0

																																								492255.004236936		13.9638202938		100
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Change wording
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Change wording







Initation Sub Sys PW Chart



Pairwise Comparison Chart





The Command/Tasking Authority, User and Legislative Bodies require that the initiation sub-system should only function when the delivery of the terminal effect is requested by the operator. 	The Procurement Body, Logistics Body, Legislative Bodies and Manufacturer require that the initiation sub-system shall, at end-of-life, be capable of being removed from the warhead sub-system to enable safe disposal	The Command/Tasking Authority, User and the Logistics body all require that the initiation sub-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 initiation sub-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 initiation sub-system shall have a shelf life of X years (TBC)	The Command/Tasking Authority, Procurement Body and Manufacturer require that the initiation sub-system should be cost effective throughout the product life cycle (Manufacture to Target or Disposal Sequence).	The Procurement Body and Manufacturer require that the initiation sub-system will be constructed utilising technology and components manufacturable within the UK economy.	The Design Engineers require the initiation sub-system shall be activated via an electronic signal (Specification TBD) to allow integration into the system. 	The Design Engineers require the initiation sub-system should be compact (Specification TBD) to allow integration into the system.  	29.3682437350244	3.3120204591465594	11.060383709159732	27.191314218548747	2.8392096096896595	3.7590348026505827	1.660379852247398	12.245760191012568	8.5636534225203587	Sub-system Requirements





Importance









Initiation SS Gen. Functions



		Advantages of EBW Detonators (vs Low Voltage/Standard Detonators)

		1		Only a very high-current fast-rise pulse exceeding the threshold voltage can trigger them, making them less liable to accidental initiation due to EMR/RF

		2		They do not contain primary explosives, making them much less sensitive to shock/heat

		3		They have a precise, known time to initiation (TTI), making them ideal for complex weapons systems compared to low voltage systems.

		Disadvantages of EBW Detonators (vs Low Voltage/Standard Detonators)

		1		Cost





		EBW Functional Flow																		Recommended components		Functions		Example Materials		Notes		Generic Functionality
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Comment:
    Added this section as the functions didn’t follow the verb/noun configuration and this format will help better with the FFMEA’s
Reply:
    Do we need anything that links the system to the Main explosive filling/shell (basically so we can record how it interacts with the rest of the system going forward)

		1		Electrical pulse received at voltage exceeding threshold voltage and current exceeding threshold burst current																Detonator Container/Cup		To contain all detonator components		Aluminium				Contain Components		FFMEA?

		2		EBW (Usually gold) Explodes 																Plastic Header		To contain/seal the components against environmental conditions		Resin				Seal Components

		3		Initiating explosive (always PETN) explodes																Input wire		To connect the bridgewire to the firing system		Copper, Aluminium etc				Connect System

		4		Output Explosive (usually RDX/HMX) receives initial explosion and amplifies it to the required ouput shock																Bridgewire		To explode upon receiving a sufficent electrical pulse		Gold				Generate Initial Shockwave		FFMEA?

		Other		Container/Cup contains all the components																Initiating Explosive		To receive shock from EBW exploding and initiate		PETN 		(Low density PETN is the only explosive found to be sensitive enough to shock  of the wire exploding whilst being insensitive enough to meet the requirements of an EBW detonator due to its FOI)		Receive Shockwave		FFEMA

		Other		Plastic header seals the components against environmental conditions																Ouput Explosives		To amplify explosive shockwave		RDX. HMX		Size determined by ouput shockwave required by booster/main fill		Amplify Shockwave		FFMEA

																						Interface between energetic materials						Interface Materials

				Commercially available EBW detonators (Teledyne Reynolds range)																								Receive Input Signal
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    Add this as felt there was no function listed that described receiving the initial input signal
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Comment:
    Added this section as the functions didn’t follow the verb/noun configuration and this format will help better with the FFMEA’s
Reply:
    Do we need anything that links the system to the Main explosive filling/shell (basically so we can record how it interacts with the rest of the system going forward)		Model of EBW Detonator		Image/Diagram		Notes

				RP-1 High Precision		ERROR:#VALUE!		Transmission time simultaneity standard deviation of less than .025 microsecond

Higher cost

				RP-2 High Precision		ERROR:#VALUE!		Transmission time simultaneity standard deviation of less than .035 microsecond

Higher cost

				RP-3		ERROR:#VALUE!		No end to cup - for where excessive shock and.or frangmentation upon initiation is unacceptable

				RP-80		ERROR:#VALUE!		The "Standard" EBW Detonator

Capable of detonating most military explosives (TNT, RDX, HMX etc)

				RP-81		ERROR:#VALUE!		Designed to have equivalent ouput to standard No.8 Blasting cap

				RP-83		ERROR:#VALUE!		RP-80 with additional 4x 227mg pellets to amplify shockwave. Designed for more insensitive commercial explosives.

				RP-85		ERROR:#VALUE!		Same as RP-83 but sealed for underwater use.

				RP-87		ERROR:#VALUE!		Extremely small size for size critical applications

				RP-501 Economy				Equivalent to RP-80 except lower precision (notable on timings etc) for cost-sensitive applications

				RP-502 Economy				Equivalent to RP-81 (No. 8 cap equivalent) except lower precision (notable on timings etc) for cost-sensitive applications. 

				Source: https://www.teledynedefenseelectronics.com/what-we-do/energetics/initiation-components-systems-us

Added this section as the functions didn’t follow the verb/noun configuration and this format will help better with the FFMEA’s



Do we need anything that links the system to the Main explosive filling/shell (basically so we can record how it interacts with the rest of the system going forward)



Add this as felt there was no function listed that described receiving the initial input signal







Initiation SS QFD 1



				 				Importance		How

										Contain Components		Seal Components		Connect System		Receive Input Signal
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Comment:
    Add this as felt there was no function listed that described receiving the initial input signal		Generate Initial Shockwave		Receive Shockwave		Amplify Shockwave		Interface Materials

				What		Customer Requirements																				Target Values

						The Command/Tasking Authority, User and Legislative Bodies require that the initiation sub-system should only function when the delivery of the terminal effect is requested by the operator. 		29		1						9				9		9				Terminal effect functions only when requested in 99.9% of active deployments.

						The Procurement Body, Logistics Body, Legislative Bodies and Manufacturer require that the initiation sub-system shall, at end-of-life, be capable of being removed from the warhead sub-system to enable safe disposal		3		9		3		1												The initation susb system can be removed from the warhead module by a Army ATO within current UK processing buildings.

						The Command/Tasking Authority, User and the Logistics body all require that the initiation sub-system shall be resistant to the environmental conditions specified within the mission brief (AOP 15A, specified as N. Europe)		11		9		9		1												The initiation sub-sytem when assembled into the system must meet the requirements of AOP-15A

						The Command/Tasking Authority, User and Procurement Body require that the initiation sub-system shall function within its specified performance requirements (TBC) during TBC% of deployments.		27		9		3		3				9		9		3		3		Initiation sub system delivers TBC strength shock in TBC% of deployments

						The Command/Tasking Authority, Procurement Body and Logistics body require that the initiation sub-system shall have a shelf life of X years (TBC)		3		3		3								9		9				Capable of obtaining a shelf life of TBC Years

						The Command/Tasking Authority, Procurement Body and Manufacturer require that the initiation sub-system should be cost effective throughout the product life cycle (Manufacture to Target or Disposal Sequence).
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Comment:
    Split
Reply:
    Re-Written to be sufficiently generic		4		Aplies to all elements of solution selection																Contribute to a full system cost with cost per shot equivilent to N-Law

						The Procurement Body and Manufacturer require that the initiation sub-system will be constructed utilising technology and components manufacturable within the UK economy.		2		Aplies to all elements of solution selection																All components can be manufactured within the UK using current manufacting facilities.

						The Design Engineers require the initiation sub-system shall be activated via an electronic signal (Specification TBD) to allow integration into the system. 		12						9		9										The initation sub system can communicate with the saftey and arming ssub-system without loosing connection during TBC% of deployments.

						The Design Engineers require the initiation sub-system should be compact (Specification TBD) to allow integration into the system.  		9		3								1		9		9		1		Initiation Sub System to have a max weight of TBC Kg and Volume of TBC L

										438		200		206		375		253		612		449		90









										Initiator must remain in tact during 100% of standards deployments.		Moisture incress must be kept bellow 0.01ml when exposed to the environmental conditions defined in AOP-15A		The initation sub system must connect with the saftey and arming ssub-system without loosing connection during TBC% of deployments.		A correctly conencted unit should be capable of receving a firing signal during TBC% of deployments		During TBC% of intiations a shock of TBC M/s2 must be achieved		Upon receiving a shock wave of TBC m/s2 detonation must occure in TBC% of ocurrences		Upon receiving a shock wave of TBC m/s2 a shock of TBC m/s2 must be produced		Detonation must transfer across the material interface in TBC% of initiations

										How Much

Add this as felt there was no function listed that described receiving the initial input signal
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Initiation SS QFD1 Results



Initiation Sub-System QFD1 Results





Contain Components	Seal Components	Connect System	Receive Input Signal	Generate Initial Shockwave	Receive Shockwave	Amplify Shockwave	Interface Materials	

Contain Components	Seal Components	Connect System	Receive Input Signal	Generate Initial Shockwave	Receive Shockwave	Amplify Shockwave	Interface Materials	437.65029831334982	199.57108624459249	206.15818854306565	374.52603533433273	253.28548138945908	611.66178887204853	448.51390356075603	90.137596078166609	Functions





Importance









Functional Metrics (SS1)



				Function:- (Insert Specific function here)

Test method and relationship to requirements

				Importance		How

										Overall Weight Measurement		Physical Dimension and Interfacing Tests		Completed Initiation Sub-System reliability testing		Completed Initiation Sub-system Time-to-function Testing		Completed Initiation SUb-system Energetic Output Testing		Weapons Hazard Classification Testing (In Packagaing)		Physical Component  options comparison Function Testing		Electrical Component  options comparison Function Testing		Energetic Component options comparison function testing		Energetic Components SSHT (Sensitivity) Testing)		Environmental & Simulated Aging  Testing		Inititial User trials & time to competency assesment

				What		Customer Requirements																												Add requirements detail and definition in here.

						The Command/Tasking Authority, User and Legislative Bodies require that the initiation sub-system should only function when the delivery of the terminal effect is requested by the operator. 		29						9						9								9				3		Terminal effect functions only when requested in 99.9% of active deployments.

						The Procurement Body, Logistics Body, Legislative Bodies and Manufacturer require that the initiation sub-system shall, at end-of-life, be capable of being removed from the warhead sub-system to enable safe disposal		3																								3		The initation susb system can be removed from the warhead module by a Army ATO within current UK processing buildings.

						The Command/Tasking Authority, User and the Logistics body all require that the initiation sub-system shall be resistant to the environmental conditions specified within the mission brief (AOP 15A, specified as N. Europe)		11																						9				The initiation sub-sytem when assembled into the system must meet the requirements of AOP-15A

						The Command/Tasking Authority, User and Procurement Body require that the initiation sub-system shall function within its specified performance requirements (TBC) during TBC% of deployments.		27						9		9		9																Initiation sub system delivers TBC strength shock in TBC% of deployments

						The Command/Tasking Authority, Procurement Body and Logistics body require that the initiation sub-system shall have a shelf life of X years (TBC)		3																						9				Capable of obtaining a shelf life of TBC Years

						The Command/Tasking Authority, Procurement Body and Manufacturer require that the initiation sub-system should be cost effective throughout the product life cycle (Manufacture to Target or Disposal Sequence).
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Comment:
    Split
Reply:
    Re-Written to be sufficiently generic		4														9		9		9								Contribute to a full system cost with cost per shot equivilent to N-Law

						The Procurement Body and Manufacturer require that the initiation sub-system will be constructed utilising technology and components manufacturable within the UK economy.		2														9		9		9								All components can be manufactured within the UK using current manufacting facilities.

						The Design Engineers require the initiation sub-system shall be activated via an electronic signal (Specification TBD) to allow integration into the system. 		12						9																				The initation sub system can communicate with the saftey and arming ssub-system without loosing connection during TBC% of deployments.

						The Design Engineers require the initiation sub-system should be compact (Specification TBD) to allow integration into the system.  		9		9		9																						Initiation Sub System to have a max weight of TBC Kg and Volume of TBC L

										77		77		619		245		245		264		49		49		49		264		125		98







																						Comparative testing of physical component materials and sizes to ensure good performance with minimal cost and easy availability/manufacturability

										Overall weight should be ALARp, since increased weight will reduce performance of UAS platform.		Overall Dimesnions should commensurate with the rest of the payload Sub-System(s)		The initiation system should function reliably 99% of the time.		The TTF of the initiation sub-system should be ALARP, and the TTF should be reliable & predictable.		The output (Shockwave) of the Initiation sub-system should be sufficient to initiate the warhead sub-system reliably.		If removable, the initiation system should be packaged so that it meets the safets possible Hazard Classification for  ongoing transportation & Storage		Comparative testing of physical component materials and sizes to ensure good performance with minimal cost and easy availability/manufacturability		Comparative testing of electric component materials and sizes to ensure good performance with minimal cost and easy availability/manufacturability		Comparative testing of energetic component materials and sizes to ensure good performance with minimal cost and easy availability/manufacturability		The Munition's initiation system should be in accordance with MoD & NATO insensitive munitions policies (DSA 03  OME Pt.1 (JSP520)) 		The munition (and packaging) should meet the standards specified in DSA 03 OME Pt.1 (JSP520)		The user should be consulted and given an initial training & usage session. The time to gain competency should be assed to be within reasonable levels.

										How Much

















Split
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Inititation Receive Shock FFMEA



				Functional Failure Mode Evaluation and Analysis

				System		Project Trojan Inititation Sub-System				O - Probability of Occurrence						1: Very Rare → 10: Frequent												Date				3/6/25				No		1

										S - Severity of Occurrence						1: No Effect → 10: Most Severe												Author				E. Halifax

										D - Probability of Detection						1: Certain Detection → 10: No Detection												Checked								Issue		1

				Function		Functional Failure Mode						Effects				S		Causes				O		Detection/Prevention						RPN		Design Suggestions/Comments

												On System		Seen by Customer										Current Method				D

				Receive Shockwave		No Shockwave Received						No shockwave to propagate to next explosive component/main charge		Main effect not delivered as intended - Mission Failure, make safe and demil required		5		Fault in component designed to transfer initiation energy (EBW) - no current received via input				3		Visual Damage Inspection				4		60		System Design requirement for a system test to be designed into the system and to be performed prior to launch/initiation of the system										Reqirement already included (2,6&10)		3		Contain Components

																		Fault in component designed to transfer initiation energy (EBW) - Bridgewire not functioning correctly				3		Visual Damage Inspection				4		60														6		Seal Components

						Too much Shockwave Received						Higher inititation energy input into the explosive train than intended, explosive train detionates quicker than intended.		Main effect not delivered as intended - Mission Failure, make safe and demil required		5		Fault in component designed to transfer initiation energy (EBW) - too much current received via input				3		Visual Damage Inspection				4		60		System Design requirement for a system test to be designed into the system and to be performed prior to launch/initiation of the system										Reqirement already included (2,6&10)		5		Connect System

														Main effect not delivered as intended - main effect delivered too early, potential for unintended damage/injury/death		10		Material flaw in material contining the components - creating an environment for higher than intended pressure resulting in a greater inititation input				3		Visual Damage Inspection				4		120		System Design requirement for components requirement miniumn material properties to recvice the designed output of the transisition component (EBW)										Reqirement already included (2)		4		Generate Initial Shockwave

						Too little Shockwave Received						Lower initiation energy input into the explosive train than intended - no detionation occurs		Main effect not delivered as intended - Mission Failure, unexploded system to make safe and demil 		5		Fault in component designed to transfer initiation energy (EBW) - not enough current received via input				3		Visual Damage Inspection				4		60		System Design requirement for a system test to be designed into the system and to be performed prior to launch/initiation of the system										Reqirement already included (2,6&10)		1		Receive Shockwave

												Lower initiation energy input into the explosive train than intended - Partial detonation of the eplosive train		Main effect not delivered as intended - partially detonated system required to be made safe and demilled - higher risk to personel		6		Fault in component designed to transfer initiation energy (EBW) - Bridgewire not functioning correctly				3		Visual Damage Inspection				4		72														2		Amplify Shockwave

						Intermittent Shockwave Received						Multiple shockwaves received to the receiving component - resulting in 
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Comment:
    Need to recall what happens with interfering shockwaves in an explosive																		0														7		Interface Materials

																														0														New		Receive Input Signal

						Wrong Shock Received						Not aplicable as a "Wrong" Shock Received would fall under one of the above catagories.

Need to recall what happens with interfering shockwaves in an explosive







Inititation FFMEA



				Functional Failure Mode Evaluation and Analysis

				System		Household Kettle				O - Probability of Occurrence						1: Very Rare → 10: Frequent												Date								No		1

										S - Severity of Occurrence						1: No Effect → 10: Most Severe												Author

										D - Probability of Detection						1: Certain Detection → 10: No Detection												Checked								Issue		1

				Function		Functional Failure Mode						Effects				S		Causes				O		Detection/Prevention						RPN		Design Suggestions/Comments

												On System		Seen by Customer										Current Method				D

						No Function																								0														3		Contain Components

																														0														6		Seal Components

						Too much Function																								0														5		Connect System

																														0														4		Generate Initial Shockwave

						Too little Function																								0														1		Receive Shockwave

																														0														2		Amplify Shockwave

						Intermittent Function																								0														7		Interface Materials

																														0														New		Receive Input Signal

						Wrong Function																								0





Receive Shockwave FFMEA

		Functional Failure Mode Evaluation and Analysis

		System		EBW				O - Probability of Occurrence						1: Very Rare → 10: Frequent												Date								No		1

								S - Severity of Occurrence						1: No Effect → 10: Most Severe												Author

								D - Probability of Detection						1: Certain Detection → 10: No Detection												Checked								Issue		1

		Function		Functional Failure Mode						Effects				S		Causes				O		Detection/Prevention						RPN		Design Suggestions/Comments

										On System		Seen by Customer										Current Method				D

		Receive Shockwave		No Shockwave Received						System does not detonate main charge		Does not deliver intended effect		6		Insufficient components				3		None in Place				1		18		Test after Manufacture

				Too much Shockwave Received						No end effect on main charge		End effect is not delivered		3		Incorrect Primary Explosive used				4		None in Place				2		24		Test after Manufacture

				Too little Shockwave Received						Main charge does not detonate		target is not destoyed		6		Incorrect Primary Explosive used				3		None in Place				4		72		Test after Manufacture

				Intermittent Shockwave Received						Main charge detonates on occasion		The system does not deliver terminal effect 100% of the time		6		Insufficient components				5		None in Place				1		30		Test after Manufacture

				Wrong Shock Received						Main charge cannot be detonated		End effect not delivered		6		Wrong EBW used				1		None in Place				1		6		Test after Manufacture







Amplify explosiveShockwaveFFMEA

		Functional Failure Mode Evaluation and Analysis

		System		EBW				O - Probability of Occurrence						1: Very Rare → 10: Frequent												Date								No		1

								S - Severity of Occurrence						1: No Effect → 10: Most Severe												Author

								D - Probability of Detection						1: Certain Detection → 10: No Detection												Checked								Issue		1

		Function		Functional Failure Mode						Effects				S		Causes				O		Detection/Prevention						RPN		Design Suggestions/Comments

										On System		Seen by Customer										Current Method				D

		Amplify Explosive Shockwave		No Explosive Shockwave Amplified						Main charge doesnt detonate correctly.		End effect is not completed		1		Incorrect Detonator Used				1		None in Place				1		1		Test after Manufacture

				Amplify too little Explosive Shockwave						Main charge is not initiated		End effect is not completed		1		Incorrect Detonator Used				1		None in Place				1		1		Test after Manufacture

				Amplify too much Explosive Shockwave						Systems components damaged		System does not perform as intended		5		Incorrect Detonator Used				1		None in Place				1		5		Test after Manufacture

				Amplify Explosive shockwave wrong						Main charge does not initiate		End effect is not completed		4		Incorrect Detonator Used				1		None in Place				1		4		Test after Manufacture

				Intermittent Explosive Shockwave						Main charge initiates on occasion		End effect is not completed		7		Components unreliable				5		None in Place				7		245		Test after Manufacture







Contain Components FFMEA

		Functional Failure Mode Evaluation and Analysis

		System		EBW				O - Probability of Occurrence						1: Very Rare → 10: Frequent												Date								No		1

								S - Severity of Occurrence						1: No Effect → 10: Most Severe												Author

								D - Probability of Detection						1: Certain Detection → 10: No Detection												Checked								Issue		1

		Function		Functional Failure Mode						Effects				S		Causes				O		Detection/Prevention						RPN		Design Suggestions/Comments

										On System		Seen by Customer										Current Method				D

		Contain All detonator Components		Doesn't contain detonator components						Primary explosive not initaited correctly		Terminal effect is not delivered		1		Incorrect Manufacture				1		None in Place				3		3		Test after manufacture

				Contains too few detonator components						Initiator does not shock main charge hence no terminal effect		Terminal effect is not delivered		1		Incorrect Manufacture				1		None in Place				3		3		Test after manufacture

				Contains too many detonator components						Components interface abnormally and may effect main charge		Terminal effect is not delivered or delivered in accurately		1		Incorrect Manufacture				1		None in Place				3		3		Test after manufacture

				Intermittantly contains detonator components						Main charge system does not perform as intended		Terminal effect is not delivered		6		Incorrect Manufacture				1		None in Place				3		18		Test after manufacture

				Contains wrong Detonator Components						Main charge will not detonate		Terminal effect is not delivered		8		Incorrect Manufacture				1		None in Place				3		24		Test after manufacture







Pulse recieved FFMEA

		Functional Failure Mode Evaluation and Analysis

		System		EBW				O - Probability of Occurrence						1: Very Rare → 10: Frequent												Date								No		1

								S - Severity of Occurrence						1: No Effect → 10: Most Severe												Author

								D - Probability of Detection						1: Certain Detection → 10: No Detection												Checked								Issue		1

		Function		Functional Failure Mode						Effects				S		Causes				O		Detection/Prevention						RPN		Design Suggestions/Comments

										On System		Seen by Customer										Current Method				D

		Explode when pulse recieved		No Pulse recieved						EBW will not initiate		Terminal Effect is not delivered		2		Incorrect Manufacture				3		None in place				1		6		Test after manufacture

				Too little pulse received						EBW will not initiate		Terminal Effect is not delivered		2		Incorrect Manufacture				1		None in place				1		2		Test after manufacture

				Too much Pulse Recieved						Damage to EBW, Main charge will not be initiated		Terminal Effect is not delivered		7		Incorrect Manufacture				1		None in place				2		14		Test after manufacture

				Intermittent Pulse Recieved						EBW will initiate sometimes and main charge will therefore intermittently detonate.		Terminal Effect to antenna is not achieved		3		Incorrect Manufacture				3		None in place				4		36		Test after manufacture

				Wrong Pulse Received						EBW will not initiate and therefore explosive chain wont initiate		Main charge will not detonate		7		Incorrect Manufacture				2		None in place				3		42		Test after manufacture







SS Functional N2 Analysis

				Generic Functional N2 Analysis

								External System to Connect to		External Electrical Signal																				1		1

				Contain Components		Components to be Sealed						Confinement for Shockwave		Confinement for Shockwave		Confinement for Shockwave										Contain Components		1						1		1		1				4

						Seal Components																						Seal Components														0

								Connect System																						Connect System												0

										Receive Input Signal		Initial Signal for Shockwave																				Receive Input Signal		1								1

												Generate Initial Shockwave		Shockwave to receive																				Generate Initial Shockwave		1						1

														Receive Shockwave		Shockwave to Amplify		Material Transition																		Receive Shockwave		1		1		2

														Shockwave to receive		Amplify Shockwave		Material Transition																		1		Amplify Shockwave		1		2

														Material Transition		Material Transition		Interface Materials																		1		1		Interface Materials		2

																										0		1		0		0		2		4		3		2





Initiation SS FMA



				Function Means Analysis

				System		Project Trojan				Author		John, Leo, Libbie, Sam								Date		2/28/25		Issue

				Function		Means

		Contain Components		To contain all detonator components		Brass Sleave		Aluminium Cup		Paper Sleave		Plastic Molding		Steel Cup		Cardboard Sleave		Lead Sleave		Extruded Double Base Propellant										Exlusions based on Saftey, Cost and Technical Readiness

		Seal Components		To contain/seal the components against environmental conditions		Epoxy Resin Coating		Wax Coating		Shelack Coating		Silcoset 101		Ottocol		Hot Glue		Shrink Wrap		Metal foil wrap

		Connect System		To connect the bridgewire to the firing system		Copper Cable		Aluminium Cable		Gold Cable		Direct Soldered		Metal Bus Bar		Induction

		Receive Input Signal		Receive Input Signal		Copper Cable		Aluminium Cable		Gold Cable

		Generate Initial Shockwave		To explode upon receiving a sufficent electrical pulse		Gold Bridge Wire		Tungsten Bridge Wire		Platinum Bridge Wire		Silver Bridge Wire		Copper Bridge Wire		Primary Explosive (Lead Azide)		Explosively Pumped Flux Compression Generator		No bridge wire (Open Spark)

		Receive Shockwave		To receive shock from EBW exploding and initiate		Low density PETN		Lead Azide		Pictic Acid		Nitroglycerin		NitroCellulos NitroGlycerin Pressed		Lead Styphnate		Metal Azide		Metal Styphnate		NitroGuandine		TATP

		Amplify Shockwave		To amplify explosive shockwave		RDX		HMX		TNT		CL-20		Comp B		LX-19		Torpex		TATB		Octol

		Interface Materials		Interface between energetic materials		Flat Faced		Stepped		Cross Interlock		Void		Metal Plate		SC Cone		Use one Material		Wave Shaper



































Initiation System Pugh

		ACTIVITY SUMMARY

				Project Trojan - Scenario 1: Disrupt External Electricity Supply



						Relative Importance Equal		Traditional EBW		Premium EBW		Low Cost EBW

				WHATs - Customer Requirements												Solutions

				All key stakeholders require that the initiation sub-system must adhere to all relevant regulations & legislation (REACH, UK, International)		25		0		0		0

				All key stakeholders require that the initiation sub-system must be safe throughout the product life cycle (Manufacture to Target or Disposal Sequence)		25		0		-2		-1

		Original User 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)		3.0944263225		0		-1		-1				Option 1		Premium EBW

				The Command/Tasking Authority, User and Procurement body require that the system shall successfully neutralise the target specified within the mission brief		11.4389037359		0		0		0				Option 2		Tradtional EBW

				The Command/Tasking Authority and Procurement body require that the system may be capable of being used against a range of alternative targets		1.6132942436		0		0		0				Option 3		Low Cost EBW

				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. 		23.5378962		0		-1		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		9.7103853107		0		0		0

				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		12.2229454963		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)		3.7838890428		0		-2		-1

				The Command/Tasking Authority and User require that the system shall be easy to operate, requiring minimal training (X hours per annum)		2.4075873193		0		0		0

				The Command/Tasking Authority and User require that the system shall be rapidly deployable within X minutes.		4.450613219		0		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.		4.892555221		0		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.		3.3944764086		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)		5.7278556033		0		-2		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)		8.4397036364		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.		1.288373474		0		0		0

				The Procurement Body and Manufacturer require that the system will be constructed utilising technology and components manufacturable within the UK economy.		1.4835430997		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.		2.513551667		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.		1.4136008444		0		-2		-1

				The Command/Tasking Authority, User and Legislative Bodies require that the initiation sub-system should only function when the delivery of the terminal effect is requested by the operator. 		29.368243735		0		-1		0

				The Procurement Body, Logistics Body, Legislative Bodies and Manufacturer require that the initiation sub-system shall, at end-of-life, be capable of being removed from the warhead sub-system to enable safe disposal		3.3120204591		0		-2		-1

				The Command/Tasking Authority, User and the Logistics body all require that the initiation sub-system shall be resistant to the environmental conditions specified within the mission brief (AOP 15A, specified as N. Europe)		11.0603837092		0		-1		-1

				The Command/Tasking Authority, User and Procurement Body require that the initiation sub-system shall function within its specified performance requirements (TBC) during TBC% of deployments.		27.1913142185		0		-2		-1

				The Command/Tasking Authority, Procurement Body and Logistics body require that the initiation sub-system shall have a shelf life of X years (TBC)		2.8392096097		0		-2		-1

				The Command/Tasking Authority, Procurement Body and Manufacturer require that the initiation sub-system should be cost effective throughout the product life cycle (Manufacture to Target or Disposal Sequence).		3.7590348027		0		-1		2

				The Procurement Body and Manufacturer require that the initiation sub-system will be constructed utilising technology and components manufacturable within the UK economy.		1.6603798522		0		0		0

				The Design Engineers require the initiation sub-system shall be activated via an electronic signal (Specification TBD) to allow integration into the system. 		12.245760191		0		0		0

				The Design Engineers require the initiation sub-system should be compact (Specification TBD) to allow integration into the system.  		8.5636534225		0		-1		0



				Score:				0		-60.7059589999		-9.0591504994





















																																																																																																								0								0								0								0								0

																																																																																																								0								0								0								0								0





SS Soultion N2 Analysis

				Solution N2 Analysis

								Input Signal from System																				1

				Brass Sleave								Confinement		Confinement										Brass Sleave								1		1				2						Brass Sleave

						Epoxy Resin Coating																				Epoxy Resin Coating												0						Epoxy Resin Coating

								Copper Cable		Signal																		Copper Cable		1								1						Copper Cable

										Gold Bridgewire		Initial Shockwave				Material Interface														Gold Bridgewire		1				1		2						Gold Bridge Wire

												Low Desnsity PETN		Secondary Shockwave		Material Interface																Low Desnsity PETN		1		1		2						Low density PETN

														RDX																				RDX				0						RDX

												Material Interface		Material Interface		Stepped																1		1		Stepped		2						Stepped

														Shockwave to Main Filling										0		0		0		1		3		3		2





SS QFD 2



				 				Importance		How

										Brass Sleave		Epoxy Resin Coating		Copper Cable		Gold Bridge Wire		Low density PETN		RDX		Stepped

				What		Customer Requirements																		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
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Comment:
    Add this as felt there was no function listed that described receiving the initial 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

										How Much

Add this as felt there was no function listed that described receiving the initial input signal







SS QFD 2 Results 



Initiation Sub-System QFD2 Results





Brass Sleave	Epoxy Resin Coating	Copper Cable	Gold Bridge Wire	Low density PETN	RDX	Stepped	7080.5341717037481	2233.7900745146826	5230.4236968875903	3404.5693325051316	9130.0671430358361	9541.5812318952412	2768.4418642578162	







Functional Metrics (SS2)



				Function:- (Insert Specific function here)

Test method and relationship to requirements

				Importance		How

										Overall Weight Measurement		Physical Dimension and Interfacing Tests		Completed Initiation Sub-System reliability testing		Completed Initiation Sub-system Time-to-function Testing		Completed Initiation SUb-system Energetic Output Testing		Physical Component  options comparison Function Testing		Electrical Component  options comparison Function Testing		Energetic Component options comparison function testing		Energetic Components SSHT (Sensitivity) Testing)		Environmental (& Simulated Aging)  Testing

				What		Customer Requirements																								Add requirements detail and definition in here.

						Contain Components		438		3										9										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
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Comment:
    Add this as felt there was no function listed that described receiving the initial input signal		375						9		9						9								A correctly conencted unit should be capable of receving a firing signal during TBC% of deployments

						Generate Initial Shockwave		253						9		9								9		9				During TBC% of intiations a shock of TBC M/s2 must be achieved

						Receive Shockwave		612						9		3								9		9				Upon receiving a shock wave of TBC m/s2 detonation must occure in TBC% of ocurrences

						Amplify Shockwave		449						9		3		9						9		9				Upon receiving a shock wave of TBC m/s2 a shock of TBC m/s2 must be produced

						Interface Materials		90				9								3				3						Detonation must transfer across the material interface in TBC% of initiations

										1313		811		15196		8835		4037				5230		12092		11821		1796









										Overall weight should be ALARp, since increased weight will reduce performance of UAS platform.		Overall Dimesnions should commensurate with the rest of the payload Sub-System(s)		The initiation system should function reliably 99% of the time.		The TTF of the initiation sub-system should be ALARP, and the TTF should be reliable & predictable.		The output (Shockwave) of the Initiation sub-system should be sufficient to initiate the warhead sub-system reliably.		Comparative testing of physical component materials and sizes to ensure good performance with minimal cost and easy availability/manufacturability		Comparative testing of electric component materials and sizes to ensure good performance with minimal cost and easy availability/manufacturability		Comparative testing of energetic component materials and sizes to ensure good performance with minimal cost and easy availability/manufacturability		The Munition's initiation system should be in accordance with MoD & NATO insensitive munitions policies (DSA 03  OME Pt.1 (JSP520)) 		The munition (and packaging) should meet the standards specified in DSA 03 OME Pt.1 (JSP520). Moisture incress must be kept bellow 0.01ml when exposed to the environmental conditions defined in AOP-15A

										How Much

















Add this as felt there was no function listed that described receiving the initial input signal







SS Component P Diagram



				Initiation Sub-System Critical Component P- Diagram

				System				Project Trojan						Author				E Halifax, J Hamilton												Date		3/13/25				Issue		1









								Noise Factors



								External										Unit-to-Unit										Deterioation

								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

								Weather (During Manufacture & in Use)										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





















				Signal Factors 



														RDX																End Effect


				Inititation of Low Density PETN																														Detonation of RDX and a Shockwave delivered to The Warhead Subsystem























																																Side Effects

																																(un-desirable outputs of correct use/function/manufacture etc)



																Control Factors																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















SS Component What Why

		Initiation Sub-System Critical Component What/Why Table

				Component		RDX Pellet		Author				E Halifax, J Hamilton																										Date		3/13/25										Issue		1



										Noise Factors

										External														Unit-to-Unit														Deterioration

								Weight
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Comment:
    Weightings are based on what we used for the in class example, using the 9,3,1 scale. Can change if needed		External Temperature		Vibration during Service Life		Humidity 		Manufacture of Explosive Mixture		Weather (During Manufacture & in Use)		Material Supply Chain		Damage During Service Life		Variation in RDX Density 		Variation in RDX Particle Size		Variation in Interfacing Components 		Variation in Pellet Weight		Variation in Pellet Geometry		Variation in Material Quality		Dimensional Variation		Deterioration in External Casing		Build Up of Moisture		Deterioation of Manufaturing Equipment		Deteriation of SQEP		Degredation During Service Life		Deterioation of Storage Facities		Total		Relative Imporance

		Control Factors		RDX Density 				9																9		1				9				3										3						25		225

				RDX Particle Size				9																1		9								3										3						16		144

				Design of Interfacing Components 				3																				9														9		3						21		63

				Material Properties of Interfacing Components				3																				9																3						12		36

				Pellet Weight				9																9						9												9		3						30		270

				Pellet Geometry				9														3		1								9				9						9		3						34		306

				Material Quality				9		9				9						9				3		3								9						9				3		9		3		66		594

				Pellet Dimentions				9																1												9						9		3						22		198

				Additives to Mixture				3																3		9								9										3						24		72

		Side Effects		Material Toxicity				9																										3																3		27

				Noise				1																																		3								3		3

				Wastage				1														3						3				3		3		3				3				9		3		3		33		33

				Heat				3																																										0		0

		Relative Importance Factor								81		0		81		0		0		81		27		225		144		54		162		81		189		162		0		81		273		189		81		27

Weightings are based on what we used for the in class example, using the 9,3,1 scale. Can change if needed







SS Component Noise Importance



Initiation Sub-System Critical Component Noise Importance





External Temperature	Vibration during Service Life	Humidity 	Manufacture of Explosive Mixture	Weather (During Manufacture 	&	 in Use)	Material Supply Chain	Damage During Service Life	Variation in RDX Density 	Variation in RDX Particle Size	Variation in Interfacing Components 	Variation in Pellet Weight	Variation in Pellet Geometry	Variation in Material Quality	Dimensional Variation	Deterioration in External Casing	Build Up of Moisture	Deterioation of Manufaturing Equipment	Deteriation of SQEP	Degredation During Service Life	Deterioation of Storage Facities	81	0	81	0	0	81	27	225	144	54	162	81	189	162	0	81	273	189	81	27	







SS Component Control Importance



Initiation Sub-System Critial Component Control Importance





RDX Density 	RDX Particle Size	Design of Interfacing Components 	Material Properties of Interfacing Components	Pellet Weight	Pellet Geometry	Material Quality	Pellet Dimentions	Additives to Mixture	Material Toxicity	Noise	Wastage	Heat	225	144	63	36	270	306	594	198	72	27	3	33	0	







Manufact Rqmt Affinity Diagram

				Safety		From				Process		From				Quality		From				Logistics		From

				Safe Processes		ME, S, O, PL				Clearly Defined Processes		ME				Low Defect Rate		ME, Q				Geographical Consolidation		PL

				Legal Compliant		S				Easily Trainable Processes		ME, Q, S, PE, O				High Quality Materials/Components		Q				Easy Stored Components		PL

				Minimised PPE Requirement		S				Simple Processes		ME, Q, PE, O				High Quality Equipment		Q, ME				Reliable Supply Chain		PL

				Safe Final Product		S				Ergonomic Processes		O				Simple Test and Inspection Regime		Q

				Safe Machinery 		PE, O										Traceable Manufacturing Processes		Q

																Machinery Certification		PE

				Capability (how)		From				Reliability		From										Cost		From

				Simple Scalability		ME, PE				Reliable Labour		ME, PL										Low Labour Costs		ME. PL

				Low Lead Time		ME, PL				Easily Maintained Equipment		ME, PE										Minimised Waste and Waste Management		S

				High Manufacturing Efficency		Q, PL				Reliable Equipement		ME, S, PE, O, PL										Minimised PPE Requirement		S

				Suitable Equipment		O				Reliable Supply Chain		PL										Low Capital Cost		PE

																						Low Manufacturing Cost		PL

																						Low Maintainace Costs		PL, PE





Manufact Requirements Set

		ACTIVITY SUMMARY



				Key Stakeholders:		Explanation

				Operators		Operaters are the group that work on the shop floor conducting the processs
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Comment:
    @Libbie Bush (2223155)  Just to help us understand a bit better as to what stakeholders do, are you able to add an explanation. Ta

				Quality		Quality are resosable for overseeing the Product standard of overall production outputs and inputs. 

				Planning and Logistics		Planning and logistic team are responceable for the movment of all the indivual materals and compontents as well as the final product. They are also responable for all the resource scedualing requirend for the process

				Safety		saftey are responable for assesing and mininising the risk of the process in all areas inclusing  explosive, non elxplosice, and final product as well as making sure it alines with any legitation rquired by internal and externla bodies 

				Manufacturing Engineers		The ME are reponsable for day to day managing and maintaining of the process and its people. 

				Process Engineers		They are reponsible for designing and implementing the process as well as any major upgrages and changes that may br introduced after implemation. 





				Level 1		Originator		Level 2		Level 3		Reason For Exclusion from Pairwise

				Legal		All		All key stakeholders require that the system must adhere to all relevant regulations & legislation (REACH, UK, International)				Not included in pairwise comparison since all functions must be in compliance/accordance with related legislation

				Safe Energetic		ME, S, O, PL		The Manufacturing Engineers, Safety, Operator and Planning & Logistics body require that the energetics shall be safe throughout the manufacturing process. 				Not included in pairwise comparison since all functions must be as safe as reasonably practicable (ASARP)

				Safe Non-Energetic		ME, S, O, PL		The Manufacturing Engineers, Safety, Operator and Planning & Logistics body require that the non-energetics shall be safe throughout the manufacturing process. 				Not included in pairwise comparison since all functions must be as safe as reasonably practicable (ASARP)

				Easily Trainable Simple Process		ME, Q, S, PE, O		The Manufacturing Engineers, Quality, Safety, Process Engineers and Operator body require that the manufacturing processes shall be easily trainable. 

				Low Defect Rate		ME, Q		The Manufacturing Engineers and Quality body require that the system shall have a low defect rate throughout manufacture. 

				Simple Test and Inspection		Q		The Quality body require that the manufactured system shall have a simple test/inspection process. 

				Easily Scalable Process		ME, PE		The Manufacturing Engineers and Process engineers require the process should be easily scalable 

				Quick to Manufacture		ME, PL		The Manufacturing Engineers and Planning & Logistics body require that the system shall be quick to manufacture.
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    Or do we prefer quick lead time??

				Reliable Equipment 
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Comment:
    Need to split out requirement based on Dave conversation
Reply:
    Spit				
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    Or do we prefer quick lead time??				
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Comment:
    @Libbie Bush (2223155) I’ve had a stab at writing out the requirements. Please make changes as you like and if you want to talk them over let me know. When done we can go over the pairwise		ME, S, PE, O, PL		The Manufacturing Engineers/Safety/Operator and Planning/Logistics body require that the equipment used to manufacture system shall be reliable. 

				Easily Adaptable Processes		PE, PL, S,		The Planning & Logistics, Process Engineers and Safety body require that the processes used to manufacture the system shall be easily adaptable when required. 

				Minimal Waste		S		The Safety body require that system manufacturing shall minimise waste.

				Low Capital Cost		PE		The Process Engineers body require that system manufacturing shall low capital cost.

				Low Labour Cost		ME. PL		The Manufacturing Engineers and Planning & Logistics body require that system manufacturing shall have low labour costs.

				Efficient Manufacturing Process		Q, PL		The Quality and Planning & Logistics body require that system manufacturing shall be efficient.

				Low Unit Cost		PL, PE		The Planning & Logistics and Process Engineers body require that system manufacturing shall have a low unit cost.

				Maintainable Equipment
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Comment:
    Need to split out requirement based on Dave conversation
Reply:
    Split		ME, S, PE, O, PL		The Manufacturing Engineers/Safety/Operator and Planning/Logistics body require that the equipment used to manufacture system shall be maintainable. 











@Libbie Bush (2223155)  Just to help us understand a bit better as to what stakeholders do, are you able to add an explanation. Ta



@Libbie Bush (2223155) I’ve had a stab at writing out the requirements. Please make changes as you like and if you want to talk them over let me know. When done we can go over the pairwise
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Need to split out requirement based on Dave conversation



Spit



Need to split out requirement based on Dave conversation



Split







Manufact Pairwise Comp



						1		2		3		4		5		6		7		8		9		10		11		12		13		Calc				Calc

				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 Manufacturing Engineers, Quality, Safety, Process Engineers and Operator body require that the manufacturing processes shall be easily trainable. 		The Manufacturing Engineers and Quality body require that the system shall have a low defect rate throughout manufacture. 		The Quality body require that the manufactured system shall have a simple test/inspection process. 		The Manufacturing Engineers and Process engineers require the process should be easily scalable 		The Manufacturing Engineers and Planning & Logistics body require that the system shall be quick to manufacture.

tc={FEE9EFD7-5C92-47ED-A7DA-52B56A9BD47E}: [Threaded comment]

Your version of Excel allows you to read this threaded comment; however, any edits to it will get removed if the file is opened in a newer version of Excel. Learn more: https://go.microsoft.com/fwlink/?linkid=870924

Comment:
    Or do we prefer quick lead time??		The Manufacturing Engineers/Safety/Operator and Planning/Logistics body require that the equipment used to manufacture system shall be reliable. 		The Planning & Logistics, Process Engineers and Safety body require that the processes used to manufacture the system shall be easily adaptable when required. 		The Safety body require that system manufacturing shall minimise waste.		The Process Engineers body require that system manufacturing shall low capital cost.		The Manufacturing Engineers and Planning & Logistics body require that system manufacturing shall have low labour costs.		The Quality and Planning & Logistics body require that system manufacturing shall be efficient.		The Planning & Logistics and Process Engineers body require that system manufacturing shall have a low unit cost.		The Manufacturing Engineers/Safety/Operator and Planning/Logistics body require that the equipment used to manufacture system shall be maintainable. 		Row Product		nth root of row product		Total Normalised

		1		The Manufacturing Engineers, Quality, Safety, Process Engineers and Operator body require that the manufacturing processes shall be easily trainable. 				0.5		0.5		5		2		0.11		2		0.2		5		2		1		2		0.5		1.10E+00		1.01		7

		2		The Manufacturing Engineers and Quality body require that the system shall have a low defect rate throughout manufacture. 		2				1		5		1		0.2		5		1		0.5		5		1		5		0.2		2.50E+01		1.21		8

		3		The Quality body require that the manufactured system shall have a simple test/inspection process. 		2		1				5		2		1		5		9		5		5		5		5		0.5		2.81E+05		2.09		14

		4		The Manufacturing Engineers and Process engineers require the process should be easily scalable 		0.2		0.5		0.2				0.5		0.2		0.2		2		0.2		2		0.2		0.2		0.2		2.56E-06		0.47		3

		5		The Manufacturing Engineers and Planning & Logistics body require that the system shall be quick to manufacture.
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Comment:
    Or do we prefer quick lead time??		0.5		1		0.5		2				0.2		5		5		1		2		1		5		0.2		5.00E+00		1.10		7

		6		The Manufacturing Engineers/Safety/Operator and Planning/Logistics body require that the equipment used to manufacture system shall be reliable. 		9		5		1		5		5				9		5		5		5		2		5		1		1.27E+07		2.62		17

		7		The Planning & Logistics, Process Engineers and Safety body require that the processes used to manufacture the system shall be easily adaptable when required. 		0.5		0.2		0.2		5		0.2		0.11				2		0.2		2		0.2		1		0.11		3.87E-05		0.55		4

		8		The Safety body require that system manufacturing shall minimise waste.		5		1		0.11		0.5		0.2		0.2		0.5				1		2		0.5		1		2		1.10E-02		0.77		5

		9		The Process Engineers body require that system manufacturing shall low capital cost.		0.2		2		0.2		5		1		0.2		5		1				0.5		1		1		0.5		1.00E-01		0.87		6

		10		The Manufacturing Engineers and Planning & Logistics body require that system manufacturing shall have low labour costs.		0.5		0.2		0.2		0.5		0.5		0.2		0.5		0.5		2				1		0.2		0.5		5.00E-05		0.56		4

		11		The Quality and Planning & Logistics body require that system manufacturing shall be efficient.		1		1		0.2		5		1		0.5		5		2		1		1				5		0.5		1.25E+01		1.16		8

		12		The Planning & Logistics and Process Engineers body require that system manufacturing shall have a low unit cost.		0.5		0.2		0.2		5		0.2		0.2		1		1		1		5		0.2				0.2		8.00E-04		0.66		4

		13		The Manufacturing Engineers/Safety/Operator and Planning/Logistics body require that the equipment used to manufacture system shall be maintainable. 		2		5		2		5		5		1		9		0.5		2		2		2		5				9.00E+04		1.96		13

																																13027543.7118913		15.0137612978		100
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Pairwise results





The Manufacturing Engineers, Quality, Safety, Process Engineers and Operator body require that the manufacturing processes shall be easily trainable. 	The Manufacturing Engineers and Quality body require that the system shall have a low defect rate throughout manufacture. 	The Quality body require that the manufactured system shall have a simple test/inspection process. 	The Manufacturing Engineers and Process engineers require the process should be easily scalable 	The Manufacturing Engineers and Planning 	&	 Logistics body require that the system shall be quick to manufacture.	The Manufacturing Engineers/Safety/Operator and Planning/Logistics body require that the equipment used to manufacture system shall be reliable. 	The Planning 	&	 Logistics, Process Engineers and Safety body require that the processes used to manufacture the system shall be easily adaptable when required. 	The Safety body require that system manufacturing shall minimise waste.	The Process Engineers body require that system manufacturing shall low capital cost.	The Manufacturing Engineers and Planning 	&	 Logistics body require that system manufacturing shall have low labour costs.	The Quality and Planning 	&	 Logistics body require that system manufacturing shall be efficient.	The Planning 	&	 Logistics and Process Engineers body require that system manufacturing shall have a low unit cost.	The Manufacturing Engineers/Safety/Operator and Planning/Logistics body require that the equipment used to manufacture system shall be maintainable. 	6.6980032980993824	8.0490061353760254	13.933022806368134	3.1230823242357397	7.32194354238431	17.429829664164895	3.6641840374211059	5.1085576438296378	5.8168379332972595	3.7197069722499032	7.7274216727416567	4.3786407646939232	13.029763205138018	







Functional Flow

				Process		Generic Functionality

		 		Pre start checks 

				Tooling Set up 

				Genral set up 

						Weigh Material

				material loading 		Load Material

				Safety checks

				Actvation 		Start Machine

				Move away from starting postition						Speed

				pressure applied to material 		Press Material				Holding time				force

				Pressure realsed from material 

				Return to starting Position

				pellet explelled 		Expel Pellet

				Machine stop

				Pellet inspection 

				Segrigation 		Manage Waste





Manufact QFD 1



				 				Importance		How

										Weigh Material		Load Material		 Shape material		Start Machine		Press Material		Expel Material		Manage waste

				What		Customer Requirements																		Target Values

						The Manufacturing Engineers, Quality, Safety, Process Engineers and Operator body require that the manufacturing processes shall be easily trainable. 		7		Aplies to all elements of solution selection

						The Manufacturing Engineers and Quality body require that the system shall have a low defect rate throughout manufacture. 		8		9		1		1				9		1		9

						The Quality body require that the manufactured system shall have a simple test/inspection process. 		14		Aplies to all elements of solution selection

						The Manufacturing Engineers and Process engineers require the process should be easily scalable 		3				9						9		1

						The Manufacturing Engineers and Planning & Logistics body require that the system shall be quick to manufacture.
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    Or do we prefer quick lead time??		7		3		9				1		9		1

						The Manufacturing Engineers/Safety/Operator and Planning/Logistics body require that the equipment used to manufacture system shall be reliable. 		17		Aplies to all elements of solution selection

						The Planning & Logistics, Process Engineers and Safety body require that the processes used to manufacture the system shall be easily adaptable when required. 		4				1						9

						The Safety body require that system manufacturing shall minimise waste.		5		9		3		3				1				9

						The Process Engineers body require that system manufacturing shall low capital cost.		6		Aplies to all elements of solution selection

						The Manufacturing Engineers and Planning & Logistics body require that system manufacturing shall have low labour costs.		4		Aplies to all elements of solution selection

						The Quality and Planning & Logistics body require that system manufacturing shall be efficient.		8		Aplies to all elements of solution selection

						The Planning & Logistics and Process Engineers body require that system manufacturing shall have a low unit cost.		4		Aplies to all elements of solution selection

						The Manufacturing Engineers/Safety/Operator and Planning/Logistics body require that the equipment used to manufacture system shall be maintainable. 		13		Aplies to all elements of solution selection

										140		121		23		7		205		18		118











										How Much
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QFD results



QFD 1 Results



Weigh Material	Load Material	 Shape material	Start Machine	Press Material	Expel Material	Manage waste	140.38390464000389	121.04409590386649	23.374679066864939	7.32194354238431	204.53250199858428	18.494032001996075	118.41807401285098	Functions





Importance









Manufact FMA



				Function Means Analysis

				System		Project Trojan				Author										Date		3/14/25		Issue

				Function		Means

				Weigh Material		Manual		Analog Scale		Digital Scale		Mass Balance		Automatic		Don't		Volumetric Measurement		Robotic

				Load Material		Manual		Electro Mechanical		Numatic		Hydraulic		Constant Feed		Hopper		Don't		Robotic

				Shape Material		Dye		Mould		Manual		Machine

				Start Machine		Manual		Button		Semi-Automatic		Switch		Fully Automated		Program Controlled		Sensor		Leaver		Sequencual		Interlock		Robotic		Don't

				Press Material		Manual		Electro Mechanical		Numatic		Hydraulic		Automatic		Isotropic		Vaccum Assist		Dead Weight		Robotic

				Expel Material		Manual		Electro Mechanical		Numatic		Hydraulic		Spring		Hopper		Dye		Don't		Compressed Air		Robotic		Drop		Gravity

				Manage waste 		Open air burn 		Chemical Destruction		Incinarator









										Option Three - Everything Manual				Exlusions based on Saftey, Cost and Technical Readiness

										Option Two - Vacum Assist

										Option One - Robotic

										All three				Cost

														Technology

														Safety















Manufact Pugh

		ACTIVITY SUMMARY

				Project Trojan - Scenario 1: Disrupt External Electricity Supply



						Relative Importance Equal		Option One - Robotic		Option Two - Vacum Assist		Option Three - Everything Manual

				WHATs - Customer Requirements												Solutions

				The Manufacturing Engineers, Quality, Safety, Process Engineers and Operator body require that the manufacturing processes shall be easily trainable. 		6.6980032981		0		1		-2

				The Manufacturing Engineers and Quality body require that the system shall have a low defect rate throughout manufacture. 		8.0490061354		0		0		-1

		Original User Requirements:		The Quality body require that the manufactured system shall have a simple test/inspection process. 		13.9330228064		0		1		2				Option 1		Option Three - Everything Manual		Option One - Everything Manual

				The Manufacturing Engineers and Process engineers require the process should be easily scalable 		3.1230823242		0		0		-2				Option 2		Option Two - Vacum Assist		Option Two - 

				The Manufacturing Engineers and Planning & Logistics body require that the system shall be quick to manufacture.
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    Or do we prefer quick lead time??		7.3219435424		0		-1		-2				Option 3		Option One - Robotic		Option Three

				The Manufacturing Engineers/Safety/Operator and Planning/Logistics body require that the equipment used to manufacture system shall be reliable. 		17.4298296642		0		2		-1

				The Planning & Logistics, Process Engineers and Safety body require that the processes used to manufacture the system shall be easily adaptable when required. 		3.6641840374		0		1		2

				The Safety body require that system manufacturing shall minimise waste.		5.1085576438		0		0		-2

				The Process Engineers body require that system manufacturing shall low capital cost.		5.8168379333		0		1		2

				The Manufacturing Engineers and Planning & Logistics body require that system manufacturing shall have low labour costs.		3.7197069722		0		-1		-2

				The Quality and Planning & Logistics body require that system manufacturing shall be efficient.		7.7274216727		0		-1		-2

				The Planning & Logistics and Process Engineers body require that system manufacturing shall have a low unit cost.		4.3786407647		0		1		-2

				All key stakeholders require that the system must adhere to all relevant regulations & legislation (REACH, UK, International)		13.0297632051		0		0		0

				The Manufacturing Engineers, Safety, Operator and Planning & Logistics body require that the energetics shall be safe throughout the manufacturing process. 		10		0		1		-2

				The Manufacturing Engineers, Safety, Operator and Planning & Logistics body require that the non-energetics shall be safe throughout the manufacturing process. 		10		0		-2		-1

				The Manufacturing Engineers/Safety/Operator and Planning/Logistics body require that the equipment used to manufacture system shall be maintainable. 		10		0		1		2

				Score:				0		43.8832726827		-33.3604459503















																																																																																																								0								0								0								0								0

																																																																																																								0								0								0								0								0
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Manufact QFD 2



				 				Importance		How

										Digital Scale		Automatic		Manual		Hopper		Dye		Button		Sensor		Interlock		Hydraulic		Automatic		Vaccum Assist		Gravity		Incinerator

				What		Generic Functionalify																														Target Values

						Weigh Material		140		9		9																								Material weight to be accuract to +/- TBC grams

						Load Material		121						9		9		3																		TBC% of material transferred to Dye

						Shape Material		166		3								9																		TBC% of pellets confromed to specified tollerance

						Start Machine		7						9						9		9		9												Machine start to have at least 2 safety features

						Press Material		205		3																9		9		9						Material to be pressed with TBC% of defined force

						Expel Material		18				9						3														9				Pellet to be expelled in TBC% of operations

						Manage Waste 		118						1																				9

										2376		1430		1155		1089		1917		66		66		66		1841		1841		1841		166		1062











										How Much





Manufact QFD 2 Results



Initiation Sub-System QFD2 Results





Digital Scale	Automatic	Manual	Hopper	Dye	Button	Sensor	Interlock	Hydraulic	Automatic	Vaccum Assist	Gravity	Incinerator	2376.41938917775	1429.9014297779997	1155.2943550162572	1089.3968631347984	1916.7146079834743	65.897491881458791	65.897491881458791	65.897491881458791	1840.7925179872586	1840.7925179872586	1840.7925179872586	166.44628801796466	1062	









Manufact QFD 3

				ACTIVITY SUMMARY

												Importance		Weigh Material				Load Material				Shape Material		Start Machine								Press Material						Expel Material		Manage waste 

														Digital Scale		Automatic		Manual		Hopper		Dye		Manual		Button		Sensor		Interlock		Hydraulic		Automatic		Vaccum Assist		Gravity		Incinerator

				Important design features																																						Functionality Details

				Features		RDX Pellet		50		10		5

						Material Interface		50		10		5

				Controles		Design of Interfacing Components 				10		63										3

						Material Properties of Interfacing Components				10		36

						Pellet Weight				10		270		9		9

						Pellet Geometry				10		306		9		9						9										9		9		3

						Pellet Dimentions				10		198		9		9						9										9		9		3

				Noises		Humidity 		50		10		81																								9

						Variation in Interfacing Components 		50		10		54										3

						Variation in Pellet Weight		50		10		162		9		9

						Variation in Pellet Geometry		50		10		81		9		9						9										9		9		3

						Dimensional Variation		50		10		162		9		9						9										9		9		3

						Deterioation of Manufaturing Equipment						273				9						1												9

						Deteriation of SQEP						189						9						9

														10611		13068		1701		0		7347		1701		0		0		0		6723		9180		2970		0		0



														Process Features Details





Manufact Technique Importances



Process Techniques





Digital Scale	Manual	Hopper	Dye	Manual	Button	Sensor	Interlock	Hydraulic	Vaccum Assist	Gravity	Incinerator	10611	1701	0	7347	1701	0	0	0	6723	2970	0	0	







PFMEA - Manage Waste



				Process Failure Mode Evaluation and Analysis

				System		Project Trojan Inititation Sub-System				O - Probability of Occurrence						1: Very Rare → 10: Frequent												Date				3/27/25				No		1

										S - Severity of Occurrence						1: No Effect → 10: Most Severe												Author				S. Hawkins

										D - Probability of Detection						1: Certain Detection → 10: No Detection												Checked								Issue		1

				Function		Functional Failure Mode						Effects				S		Causes				O		Detection/Prevention						RPN		Design Suggestions/Comments

												On System		Seen by Customer										Current Method				D

				Manage Waste		No management of waste						No waste managed during manufacturing can result in build up of hazardous material.  		Could lead to safety incident. Production paused.		10		No instructions or training
Incinerator Failure				3		Visual inspection of production area				2		60		Worker Instruction/Training
Pre and Post production checks
Equipment maintenance

						Too much management of waste						Not Applicable

						Too little management of waste						Too little waste managed during manufacturing can result in build up of hazardous material. 		Could lead to safety incident. Production paused.		8		No instructions or training
Incinerator Failure				5		Visual inspection of production area				3		120		Worker Instruction/Training
Pre and Post production checks
Equipment maintenance

						Intermittent management of waste						No consistent waste managed during manufacturing can result in build up of hazardous material.		Could lead to safety incident. Production paused.		7		No instructions or training
Incinerator Failure				6		Visual inspection of production area				4		168		Worker Instruction/Training
Pre and Post production checks
Equipment maintenance

						Incorrect management of waste						Waste incorrectly managed during manufacture can result in build up of hazardous material and even lead to an incident. 		Could lead to safety incident. Production paused.		10		No instructions or training
Incinerator Failure				2		Visual inspection of production area				5		100		Worker Instruction/Training
Pre and Post production checks
Equipment maintenance





PFMEA - Weigh Material



				Process Failure Mode Evaluation and Analysis

				System		Project Trojan				O - Probability of Occurrence						1: Very Rare → 10: Frequent												Date				Tuesday, March 18, 2025				No		1

										S - Severity of Occurrence						1: No Effect → 10: Most Severe												Author				E Halifax, J Hamilton

										D - Probability of Detection						1: Certain Detection → 10: No Detection												Checked								Issue		1

				Process		Functional Failure Mode						Effects				S		Causes				O		Detection/Prevention						RPN		Design Suggestions/Comments

												On System		Seen by Customer										Current Method				D

				Weigh Material		Over Weigh
(Too much RDX in Dye)						Too much RDX in the Dye, potental for over filing of dye resulating in excess RDX on convayar belt - risk of debris in equipment leading to breakdown on equipment		Prodution hulted, impact on delivering component and sub-system		5		Initial Weight sensor failure				5		Operator detecting failure				8		200		Engineer redunancy with for the sensor
Engineer override cut off from receving weight sensor to inform fill mechanism to stop
Procedural monitoring from operator with emergancy stop function from operator console

																		Calebration error
(Thinks weighing 1g but actually weighing 5g)				5		Operator detecting failure				8		200		Ensure adequate mainatnance and calebration regime
Procedural prestart calebration check


												Too much RDX in the Dye, potental for over filing of dye resulating in excess RDX on convayar belt - risk of debris in equipment leading RDX being explosed to potential intiation methods (friction between moving parts and esposure to electical energy) leading to indavertant detionation		Production halted, impact on delivering component and sub-system		10		Initial Weight sensor failure				5		Operator detecting failure				8		400		Engineer redunancy with for the sensor
Engineer override cut off from receving weight sensor to inform fill mechanism to stop
Procedural monitoring from operator with emergancy stop function from operator console

																		Calebration error
(Thinks weighing 1g but actually weighing 5g)				5		Operator detecting failure				8		400		Ensure adequate mainatnance and calebration regime
Procedural prestart calebration check


						Under Weigh
(Too Little RDX in Dye)						Too little RDX in Dye, receiving sensor does not detect expected weight to activate move signal, resulting in production hulting		Prodution halted, impact on delivering component and sub-system		3		Weight sensor failure
(initial and receiving)				5		Process system designed as such that the Dye does not progress unless recvied the expected weight (inputed prior to production start) and the fill mechanism needs to rececive signal from detection sensor before filling and a "empty dye" weight from receving sensor

tc={DFDEC421-1454-4BC1-858F-D5E15461BA22}: [Threaded comment]

Your version of Excel allows you to read this threaded comment; however, any edits to it will get removed if the file is opened in a newer version of Excel. Learn more: https://go.microsoft.com/fwlink/?linkid=870924

Comment:
    If we are saying the system will only progress when it detects the correct weight in the Dye, then surely the same principle applies to over - if there is too much it wont progress forward? We would split the detection methods into two at this stage and have this method for all and then operator detecting error (on the comms system?)  - See Intermittent Failure for example				1		15		As system has prevetion method, need to incorporate a detection/alert system to operator control system to alert operator of error and system hult.

Adequate maintenance and inspection reguime of equipment.

																		Calebration error
(Thinks weighing 1g but actually weighing 5g)				5								15

						Intermitent Weighing
(A mix of too little and too much RDX weighed)						Inconsistent RDX weighed effects seen  would be the same as over and under failure modes. Severity measured on worst case.				10		Weight sensor failure
(initial and receiving)				5		Operator detecting failure				8		400

																								Process system designed as such that the Dye does not progress unless recvied the expected weight (inputed prior to production start) and the fill mechanism needs to rececive signal from detection sensor before filling and a "empty dye" weight from receving sensor				1		50

																		Calebration error
(Thinks weighing 1g but actually weighing 5g)				5		Operator detecting failure				8		400

																								Process system designed as such that the Dye does not progress unless recvied the expected weight (inputed prior to production start) and the fill mechanism needs to rececive signal from detection sensor before filling and a "empty dye" weight from receving sensor				1		50

						No Weighing
(No RDX is Weighed)																								0

						Wrong						No "wrong weigh" as would be a combination of the Over, Under, Intermitent or No failure modes - only applicable is wrong amount weighed but that is covered in the other failure modes

				Might be important here
(Effect on customer  = effect on end user/system
Effect on System = Effect on the process and the people doing the process)

















If we are saying the system will only progress when it detects the correct weight in the Dye, then surely the same principle applies to over - if there is too much it wont progress forward? We would split the detection methods into two at this stage and have this method for all and then operator detecting error (on the comms system?)  - See Intermittent Failure for example







Manu Disposal P Diagram



				Manufacturing Critical Process P- Diagram

				System				Project Trojan						Author				SH												Date						Issue







																																																External factors – Noise within the environment the system operates. 

								Noise Factors																																								Unit-to-unit Variation – Noise created by variation in the manufacturing process from unit-to unit of the system.

																																																 Deterioration – Noises created over time during a systems performance

								External										Unit-to-Unit										Deterioration

								Overloading										Variation material quantity										Deterioration of SQEP

								Humidity 										Variation in Material Quality										Build Up of Mositure

								Weather										Material Defects

								Operator Set Up





























				Signal Factors 



														Open Burn Disposal																End Effect


				Place RDX into burn pile																														RDX burned to completion













																Used to inform what why









																																Side Effects

																																(un-desirable outputs of correct use/function/manufacture etc)



																Control Factors																Wastage

																Quantity of material																Noise

																Disposal Enviornment																Heat

																Weather																Toxic Fumes

																Disposal Procedures																Carbon Emissions

																Disposal Schedule























Manu Disposal What Why

		Manufacturing Disposal What/Why Table

				Process		Disposal		Author				SH																										Date										Issue



										Noise Factors

										External														Unit-to-Unit														Deterioration

								Weight

tc={FD6D8AC1-4EB3-4890-BAD4-51408C147414}: [Threaded comment]

Your version of Excel allows you to read this threaded comment; however, any edits to it will get removed if the file is opened in a newer version of Excel. Learn more: https://go.microsoft.com/fwlink/?linkid=870924

Comment:
    Weightings are based on what we used for the in class example, using the 9,3,1 scale. Can change if needed		Humidity		Overloading		Weather		Operator Set Up								Variation material quantity		Variation in Material Quality		Material Defects										Deterioration of SQEP		Build Up of Mositure								Total		Relative Imporance

		Control Factors		Quantity of material				9				9																																				9		81

				Disposal Enviornment				9		3				3																																		6		54

				Weather				9																																								0		0

				Disposal Procedures				9				3				9																						9										21		189

				Disposal Schedule				1				1				1																						3										5		5

																																																0		0

		Side Effects		Wastage				1								1								3		3		1												1								9		9

				Noise				1								1								1		1		1																				4		4

				Heat				1		1						1								1		1		1																				5		5

				Toxic Fumes				9		3				9		3								1		3		1												3								23		207

				Carbon Emissions				9		3				9		3								1		3		1												3								23		207

		Relative Importance Factor								55		109		108		112		0		0		0		14		32		12		0		0		0		0		84		28		0		0		0

										This shows that toxic fumes and carbon emission are the greatest noise reinforcing the point of incinerator as preferred method as it can controll this and more

Weightings are based on what we used for the in class example, using the 9,3,1 scale. Can change if needed







Manu Critical Process P Diagram



				Manufacturing Critical Process P- Diagram

				System				Project Trojan						Author				SH, EH												Date						Issue







																																																External factors – Noise within the environment the system operates. 

								Noise Factors																																								Unit-to-unit Variation – Noise created by variation in the manufacturing process from unit-to unit of the system.

																																																 Deterioration – Noises created over time during a systems performance

								External										Unit-to-Unit										Deterioration

								Vibration										Variation in Calibration of Scales										Deterioration in sensor

								Humidity										Variation in Accuracy of Scales										Deterioration of SQEP

								Overloading										Variation in RDX Density 										Degradation During Service Life

								Humidity 										Variation in RDX Particle Size										Build Up of Mositure

								Material Supply Chain										Variation in Material Quality										Deterioration in Scales

								Weather										Material Defects										Calibration Change

								Power Fluxuation										Variation in Scale Material

								Operator Set Up





















				Signal Factors 



														Automatic Digital Scales (Weigh Material)																End Effect


				RDX placed onto scales.																														Correct amount of RDX weighed.























																																Side Effects

																																(un-desirable outputs of correct use/function/manufacture etc)



																Control Factors																Wastage

																Calibration of Scales																Noise

																Accuracy of Scales																Heat

																RDX Density																Material Toxicity

																RDX Particle Size

																Material Quality

																Planned Maintenance

																Scale Material

																Manufacturing Environment

















Manu Critical Process What Why

		Manufacturing Critical Process What/Why Table

				Process		Weigh Material		Author																														Date										Issue



										Noise Factors

										External														Unit-to-Unit														Deterioration

								Weight

tc={9D2AB1DD-0338-44EE-A3DC-F3C404514EDA}: [Threaded comment]

Your version of Excel allows you to read this threaded comment; however, any edits to it will get removed if the file is opened in a newer version of Excel. Learn more: https://go.microsoft.com/fwlink/?linkid=870924

Comment:
    Weightings are based on what we used for the in class example, using the 9,3,1 scale. Can change if needed		Vibration		Humidity		Overloading (too much material on Scale)		Material Supply Chain		Weather		Power Fluxuation		Operator Set Up		Variation in Calibration of Scales		Variation in Accuracy of Scales		Variation in RDX Density 		Variation in RDX Particle Size		Variation in Material Quality		Material Defects		Variation in Scale Material		Deterioration in sensor		Deterioration of SQEP		Degradation of Equipment During Service Life		Build Up of Mositure		Calibration Change Overtime		Total		Relative Imporance

		Control Factors		Calibration of Scales				9		9										3		9		9														9		9		9				9		66		594

				Accuracy of Scales				9		9		3		1						3				3		9												9		3		9		3		9		61		549

				RDX Density				1								9												9				3		3														24		24

				RDX Particle Size				1								9														9		3		3														24		24

				Material Quality				3				9				9												3		3		9		3										9				45		135

				Planned Maintenance				3		1												1																		9						1		12		36

				Scale Material				9								3																		9		9												21		189

				Manufacturing Environment (Temperature/Humidity etc)				9				9						3		3																								9				24		216

		Side Effects		Wastage				9				3		9		3		1				9		3		3		1		1		3		9				9		9		9		3		9		84		756

				Noise				1																																		3						3		3

				Material Toxicity				3								3																3																6		18

		Relative Importance Factor								165		162		90		99		36		81		165		135		108		27		27		60		177		81		243		216		246		162		246

Weightings are based on what we used for the in class example, using the 9,3,1 scale. Can change if needed







Manu Critical Noise Importance



Manufacturing Critical Process Noise Importance





Vibration	Humidity	Overloading (too much material on Scale)	Material Supply Chain	Weather	Power Fluxuation	Operator Set Up	Variation in Calibration of Scales	Variation in Accuracy of Scales	Variation in RDX Density 	Variation in RDX Particle Size	Variation in Material Quality	Material Defects	Variation in Scale Material	Deterioration in sensor	Deterioration of SQEP	Degradation of Equipment During Service Life	Build Up of Mositure	Calibration Change Overtime	165	162	90	99	36	81	165	135	108	27	27	60	177	81	243	216	246	162	246	







Manu Crit Control Importance



Manufacturing Critial Process Control Importance





Calibration of Scales	Accuracy of Scales	RDX Density	RDX Particle Size	Material Quality	Planned Maintenance	Scale Material	Manufacturing Environment (Temperature/Humidity etc)	Wastage	Noise	Material Toxicity	594	549	24	24	135	36	189	216	756	3	18	







Manu QFD 4

		Manufacturing Critical Process QFD 4

				Process		Weigh Material				Author																																Date												Issue



								Operational Assessment										Process Controls

								Difficulty

Emalie: Emalie:
9 = really difficult
1 = easy to control		Frequency

Emalie: Emalie:
9 = high 
1 = low		Severity

Emalie: Emalie:
9 = high
1 = low		Detectability

Emalie: Emalie:
9 = hard to detect
1 = easy to detect		RPN		Training		Work Instruction		Maintenance Schedule		In prrocess Inspections		Worker Tracibility		Calibration Test		Pre Start Inspections		Shift Handover		Defect Reporting		Segregation of Materials		Recipt Inspections		Post Process Inspection		Incinerate

				Key Controls		Target Specification

				Calibartaion of Scales		Within specified tolerance of TBC%		3		9		9		9		2187		3		3		9		1				9		3				1						3

				Degration of Equipment		Within specified failure rate TBC		3		3		9		3		243		3				9		3						3		1		9						3

				Material Wastage				9		9		3		1		243		1		1						3		1						3		9		9				9

				Accuracy of Scales				3		9		9		9		2187						9						3		9				1

				Operator Competence				3		3		9		1		81		9		9				3		3						1		1						1

																0

																0

				Relative Importance Factor														8262		7533		41553		3159		972		26487		26973		324		7371		2187		2187		7371		2187		0		0		0		0		0		0		0





Manu QFD 4 Results



Manufacturing QFD4 Control Importance



Training	Work Instruction	Maintenance Schedule	In prrocess Inspections	Worker Tracibility	Calibration Test	Pre Start Inspections	Shift Handover	Defect Reporting	Segregation of Materials	Recipt Inspections	Post Process Inspection	8262	7533	41553	3159	972	26487	26973	324	7371	2187	2187	7371	
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This shows that toxic fumes and carbon emission are the greatest noise reinforcing the point of incinerator as preferred method as it can controll this and more.




