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[bookmark: _Toc200950993][bookmark: _Toc200955373]Abstract
This design portfolio outlines the systems engineering approach taken to develop a solution for neutralizing a hostile communications centre. The project began with a case study that helped identified key requirements and stakeholders then the potential methods for achieving the objective while minimizing collateral damage. Three main scenarios were considered: targeting the building’s power supply, employing satellite disruption, and directly delivering a device into the target room. To ensure a successful design, the project utilized stakeholder identification methods, including stakeholder boundary and influence maps, to capture critical functional requirements from various stakeholders. Through an affinity diagram, 19 key requirements were established, emphasizing safety and regulatory compliance, capability, performance. This is then looked at on a deeper level using the same approach for the sub subsystem to help identify the critical component. Once all of this is complete a method of gathering stakeholder requirements for the manufacturing takes place to help identify control measures for that process. This portfolio demonstrates the importance of a structured approach in systems engineering, emphasizing the necessity of aligning stakeholder needs with effective design practices to ensure both mission success and safety throughout the product life cycle.
1. [bookmark: _Toc200955374]Introduction
A design team was approached with a scenario to create a product that is remotely capable of neutralising a communication centre in unban area. The design team then utilised the systems engineering tool and top-down approach to look at the whole systems and break it down into the sub system and components, the component is looked at in more detail to on a manufacturing level and broken down further to look at all the factors that surround this process and how it runs in order to control the quality of the pellet.
[bookmark: _Toc200955375]Case study 
At the start of the design processes the customer approached the design team with a case study where a specific device is required, the brief is shown below:
An explosive device capable of neutralising a hostile communications centre, housed in a room within the second floor of an office block building. The design should be capable of accurate delivery into the room from a distance of at least 100m and the effect event should be such that collateral damage to adjacent rooms is minimised. 
Before the design process had begun an external expert was consulted on the brief to help determine the best ways to neutralise the target from these 3 solutions where suggested. 
Scenario 1 – The communication devices are deemed stronger than the operators therefor the building power supply was targeted to minimize collateral damage however would likely be a short-term solution and the communication centre may have back up power 
Scenario 2 - The communication devices are deemed stronger than the operators there for the building satellite would be targeted to temporarily neutralise the centre without causing large amounts of collateral damage. However, this is also a short-term solution as the target is only neutralised for the short term 
Scenario 3 - Despite the communication devices deemed stronger than the operator a device is sent directly to the room to neutralise the target, this would be a long-term solution that would likely cause high amounts of collateral damage 
[bookmark: _Toc200955376]Systems engineering 
Systems engineering is a commonly used approach that helps design complicated systems by breaking them down into small sub systems and then individual components taking a top-down approach to design. It starts at taking a detailed look at the requirements not just to complete its task but throughout the enter lifecycle [1]
[bookmark: _Toc200955377]Overall systems 
[bookmark: _Toc200955378]Requirements and functionality 
The first step in the design process is to identify all the requirements that need to be met by the system to be considered a successful design. These requirements are gathered from individuals or groups that are either affected by or have an influence on the systems known as stakeholders. These groups give the design team the requirements needed to then move forward to determine the functionality. Identifying these can often be one of the most important stages as they are carried though the whole systems.
[bookmark: _Toc200955379]Identifying stakeholder 
First tool used was a stakeholder boundary map, this starts at the core system level then moves up levels from direct stakeholders that interact with the systems such as operators then further to the indirect which are in his case was Army headquarters then all the way out to international regulations. Possible stakeholders can then be put into an influence map to see how requirements pass from stakeholder to stakeholder. These diagrams are shown in appendix A.
[bookmark: _Toc200955380]Gathering requirements
[bookmark: _Hlk200301735]Once the key stakeholders have been identified using these two methods stated in 4.1 the detail of the requirements can start to be captured, six key stakeholders were identified as: User, Command, procurement, supply chain and logics, Manufacturer and legislative bodies. Thes stakeholders gave a list of possible requirements which the design team grouped into categories on an affinity diagram (Shown in appendix A). 19 key requirements were then identified. These are shown bellow
1. All key stakeholders require that the system must adhere to all relevant regulations & legislation (REACH, UK, International)
2. All key stakeholders require that the system must be safe throughout the product life cycle (Manufacture to Target or Disposal Sequence)
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)
4. The Command/Tasking Authority, User and Procurement body require that the system shall successfully neutralise the target specified within the mission brief
5. The Command/Tasking Authority and Procurement body require that the system may be capable of being used against a range of alternative targets
6. 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. 
7. 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
8. The Command/Tasking Authority, User and Procurement Body require that the system shall function within its specified performance requirements (TBC) during TBC% of deployments.
9. The Command/Tasking Authority, Procurement Body and Logistics body require that the system shall have a shelf life of X years (TBC)
10. The Command/Tasking Authority and User require that the system shall be easy to operate, requiring minimal training (X hours per annum)
11. The Command/Tasking Authority and User require that the system shall be rapidly deployable within X minutes.
12. 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.
13. The Command/Tasking Authority and User require that the system should be capable of being utilised operationally by the minimum number of personnel necessary.
14. 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)
15. The User, Logistics Body and Manufacturer require that the system shall be easily identifiable throughout the product lifecycle (Manufacture to Target or Disposal Sequence)
16. 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.
17. The Procurement Body and Manufacturer require that the system will be constructed utilising technology and components manufacturable within the UK economy.
18. 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.
19. 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.
These requirements are then placed into a system Pairwise comparison which allows for comparison against each other. However, the legal and safety requirements was left out of this comparison as they would always be the most important requirement. The Pairwise identified Requirements number 4, 6 and 8 as the most important the rest are shown results are shown in appendix A.
[bookmark: _Toc200955381]Functionality 
Functionality refers to the set of operation and capability a system must achieve to meet all the requirements. The first step is a Use Case which breaks down a scenario to show what the systems must be able to complete to the neutralised the target in that scenario. This use case outputted some of the functionality needed. The requirements are then looked at in more detail to enough or functional requirements are then met. This flow is shown in Appendix B, within the flow it is also important to consider the noises that surround that function like heat or noise that maybe need to be controlled later. 
The functional flow along side the noises then provide critical functions of the designs, these are then placed in a QFD1 to determine which function is most important to the design based on how well it meets the requirements. During this was found that requirements 1, 2, 14, 12 and 19 would all impact how all the critical functions would be conducted therefore where not included in the overall results shown in appendix B. Excluding these the most important functions came to be delivery terminal effect and infiltrating target. 
[bookmark: _Toc200955382]Concept development and design choices 
Once all the functionalities had been identified the design team must the determine how the system is going to carry out these functions this uses a function means analysis. This tool allows the design team list all the potential means to complete the function then eliminate ideas on cost, safety and technology. Leaving a selection of potential function to choose from. This gave the design team 3 potential ideas that each suite a different solution stated in section 2.
Solution 1 suited scenario 1. Design was a robot dog that used a interact screen on a control module that allowed the operator to view and guide to a set coordinate. The device then uses an electric initiator to set off fire propelled water at its target.
Solution 2 suited scenario 2 the most, the design was a Drone controlled by an interactive control module that uses propellors to help guide the operator to target. The devise then uses a blast warhead to neutralise target.
Solution 3 which suited scenario 3 was a loitering munition that was operated completely remotely by interactive screen that uses a rocket motor for propulsion and exploding Bridgewire to detonate the fragmentation warhead to neutralise the target. 
These scenarios are compared in a systems Pugh against the requirements to see which one is more suited. The top choice was selected at the Drone as scored the highest overall against the requirements and there ranking. 
[bookmark: _Toc200955383]Developing the design choose
Once the drone had been selected as the solution the design team looked at how they could optimise the design to be more adaptable to each scenario. A more detailed functional flow was created based off the original however more specific to the identified solution. This was then put back though the QFD 1 Process. A new set of results was the produced for most critical function based on the selected solution which are shown in appendix B. The top two functions were shown to be identifying the exact target location then followed by the Delivering the target effect once again.
These where then put back into a function means analysis shown in Appendix B. where the more solution specific done ideas where then selected as well as showcasing a modular concept This was compared to the original design for the down and was found to meet the original requirements to a higher standard therefor this was selected as the design.
[bookmark: _Toc200955384]Solution
The solution selected was a quadcopter drone that was identifiable with colour on the warhead and a barcode for the drone’s history. It had a modular warhead and would be unpacked and set up at the scene. Used a radio and fibre optic cable to communicate back to the handheld interactive control module. The series of checks the must take place and approved on the control module before activating the drone. The target must enter onto the control module manually then it calculates a route to fly using satellite, AI and data from recognisance teams then is flown manually along the guide. The module uses arming pins on the warhead before it takes off. During flight it is using gyroscopic stabilising and computer-controlled trust vectoring. When approaching the target there is 2 forms of detection methods thermal imaging and EMR sensors which are then confirmed visually. Using a remote arming systems that is linked to proximity to set off the exploding Bridgewire and deliver a blast effect. In case the mission is aborted and is unable to return safely it will detonate after a vertical climb however if the sequence can be undone it will land some pre planned area.
[bookmark: _Toc200955385]Critical Sub system selection 
Once the design was selected the functions were placed in a matrix where interactions between the function means are then mapped. This is called an N2 analysis and is shown in appendix B. This method helps visualise clusters that represent any functions that have large amount of interaction. This is shown in Appendix B. A QFD 2 is then conducted which looks at the interaction between the mean and then the function. A strong diagonal should form but also helps showcase what means does multitude of functions. These two tools outputted that the interactive control module is the most Important sub systems. Followed by the exploding Bridgewire in the bast warhead. This showcased the most important systems being the modular warhead and the control modal’s the control module was an off the shelf item anther N2 was conducted solely based ware head systems these results are shown in appendix B. This showcased the exploding bridge wire as the most important sub systems.
[bookmark: _Toc200955386]Sub-System
Once the sub systems have been identified the same process from requirements to QFD 2 must be repeated to find the critical component which will be taken forward to the manufacturing phase. 
[bookmark: _Toc200955387]Requirements and functionality 
The sub-systems will have similarly requirements to the overall system requirements. With the same stakeholders the requirements are either derived from the original user requirements or from the system architecture. They are shown bellow 

1. All key stakeholders require that the initiation sub-system must adhere to all relevant regulations & legislation (REACH, UK, International)
2. All key stakeholders require that the initiation sub-system must be safe throughout the product life cycle (Manufacture to Target or Disposal Sequence)
3. 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. 
4. 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
5. 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)
6. 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.
7. The Command/Tasking Authority, Procurement Body and Logistics body require that the initiation sub-system shall have a shelf life of X years (TBC)
8. 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).
9. The Procurement Body and Manufacturer require that the initiation sub-system will be constructed utilising technology and components manufacturable within the UK economy.
10. The Design Engineers require the initiation sub-system shall be activated via an electronic signal (Specification TBD) to allow integration into the system. 
11. The Design Engineers require the initiation sub-system should be compact (Specification TBD) to allow integration into the system. 

Using a pairwise comparison the requirements were evaluated against each other, and it was found that 3 and 6 state above where the most important excluding the safety and legal requirements 1 and 2.
[bookmark: _Toc200955388]Functionality 
The exploding bridge wire would have a different set of functionalities that is more specific to the subsystems, this was identified though a functional flow as well as establishing key functions such as containment. These functions where placed in a QFD 1 to determine the critical functions results are shown in Appendix’s C however the top 3 results were Receiving shock wave, amplifying and containing the components.
[bookmark: _Toc200955389]Concept Development
Once key function was determined then the functional means can be developed using an FMA, 3 possible solutions where identified a traditional Exploding bridge wire then a premium and low-cost version. These were compared in a Pugh diagram to not only the subsystem requirements but also the overall full system requirements where the traditional method was the best at meeting the requirements. 
[bookmark: _Toc200955390]Critical component 
The critical sub-system was identified however this need to be broken down further to identify what the critical component of this sub systems is, this critical component would be taken to manufacturer. A N2 was conducted to see which component had the most interaction with other components, shown in appendix C, this was shown to be the Low density PETN and the RDX pellet. QFD 2 then outputted the same results with the RDX pellet outweighing the PETN results shown in appendix c. 
This RDX pellet was then looked at in more details to consider the factors that could be controlled in manufacture. The unwanted variation or disturbances known as noises where also factored into these tools to help determine what manufacturing method needed to be focused on. Results from the what why are shown in Appendix’s C. The top noises found where degradation of manufacturing equipment, variation in RDX density and Degradation of SQEP. The top controls where the material quality, pellet geometry and pellet weight.

[bookmark: _Toc200955391]Manufacturing process 
It was determined by the design team that a RDX pellet was selected as the critical component. An RDX pellet undergoes six key process to create the pellet.  The RDX is synthesized then purified before being grinding down the particles size. When the RDX is ready it then is mixed with binders so it can be pelletised then it is placed in the final build. As two of the top controls where geometry and weight and the top noises also the variation in density then the Design team decided to focus on the pelletising part of the processes.
[bookmark: _Toc200955392]Gathering stakeholders and requirements 
The key stakeholders where selected to gather requirements from; Manufacturing engineers, quality, planning and logistics, operator, process engineering and safety. These created a set of basic requirements that were sorted into categories: Safety, process, quality, logistics, capability, reliability and cost. These requirements where then formalised and shown bellows 
1. All key stakeholders require that the system must adhere to all relevant regulations & legislation (REACH, UK, International)
2. The Manufacturing Engineers, Safety, Operator and Planning & Logistics body require that the energetics shall be safe throughout the manufacturing process. 
3. The Manufacturing Engineers, Safety, Operator and Planning & Logistics body require that the non-energetics shall be safe throughout the manufacturing process. 
4. The Manufacturing Engineers, Quality, Safety, Process Engineers and Operator body require that the manufacturing processes shall be easily trainable. 
5. The Manufacturing Engineers and Quality body require that the system shall have a low defect rate throughout manufacture. 
6. The Quality body require that the manufactured system shall have a simple test/inspection process. 
7. The Manufacturing Engineers and Process engineers require the process should be easily scalable 
8. The Manufacturing Engineers and Planning & Logistics body require that the system shall be quick to manufacture.
9. The Manufacturing Engineers/Safety/Operator and Planning/Logistics body require that the equipment used to manufacture system shall be reliable. 
10. The Planning & Logistics, Process Engineers and Safety body require that the processes used to manufacture the system shall be easily adaptable when required. 
11. The Safety body require that system manufacturing shall minimise waste.
12. The Process Engineers body require that system manufacturing shall low capital cost.
13. The Manufacturing Engineers and Planning & Logistics body require that system manufacturing shall have low labour costs.
14. The Quality and Planning & Logistics body require that system manufacturing shall be efficient.
15. The Planning & Logistics and Process Engineers body require that system manufacturing shall have a low unit cost.
16. The Manufacturing Engineers/Safety/Operator and Planning/Logistics body require that the equipment used to manufacture system shall be maintainable.

[bookmark: _Toc200955393]Functionality 
To determine the functionality the requirements are then looked at in more detail to determine what the process should do to reach the requirement. These functionalities where at a very basic level; weigh material, load material, shape material, start machine, press material, expel material then manage waste. The most important step was identified as the press and weighing the graph is shown in Appendix D. These presses that meet this requirement where then selected and compared against the requirements. A fully automated systems utilising enterally robots, a vacuum assisted hydraulic press then a fully manual press. The Press that met the requirements and their importance the best as the vacuum assisted hydraulic press.
[bookmark: _Toc200955394]Process 
The management structure for this process will start at the bottom with the operators who will just carry out the process then within that group of operators the team leader will take a leading role, they will then report to the process leader and manufacturing engineers who will make the day-to-day decisions and making sure any paperwork is up to date. These will then report to the process engineers who will oversee any managing any major faults and process improvement. 
The selected process is a mostly remote process which includes a hopper that is manually loaded by the operator who then goes to a control room and starts the press. The material is then dispensed on to the digital scales once the correct weight is reached it does down a small chute into a die to shape the material, then the machine will let the operator know that the correct weight is detected then they can press a button that starts the hydraulic press and lowers the vacuum chamber. Then the material is expelled by slightly tilting the dye and allowing the pellet to fall into a box where pellets are stored till material is exhausted. Any rejects or waste shall be incinerated 

[bookmark: _Toc200955395]Critical step 
To determine the critical step QFD 2 was used shown in Appendix D The top functionality came out to be the digital scales and the dye used. This links back to the controls being the weight and geometry. These controls and noises are then bought forward in the QFD 3 to showcase how the functionality effects them which gives you more data to determine the most critical process technique. These results shown in Appendix D the top two results were also the digital scales an the dye. The critical step was then identified as the weighing scales.

[bookmark: _Toc200955396]Process control plan 
[bookmark: _Hlk200907251]To get a process control plan for the critical step another What Why Diagram must be conducted to understand the controls and noises around the manufacturing method. A P diagram was used to identify these factors which are then bought forward to what why appendix D. The top noises can be categorised by operator input and degradation of equipment and material. The top 3 controls where wastage, accuracy of scales and calibration of scales. From this multiple controls where then suggested and there affectedness was shown in QFD 4 Results in Appendix D the controls selected are: Training, Work Instruction, Maintenance Schedule, In process Inspections, Worker Traceability, Calibration Test, Pre Start Inspections, Shift Handover, Defect Reporting, Segregation of Materials, Receipt Inspections, Post Process Inspection, Incineration. The top 4 choices are explained bellow
Training – There will be a ‘passport system’ implemented for operations, engineers and maintenance teams. A certain level of training and shadowing will be required before being allows to work on the process. This will have to be refreshed in to be determined set intervals to ensure competence remain up to date reducing the likelihood of human error and keep SQEP up to date.
Maintenance Schedule – As degradation of equipment and the calibration of the scales are the most important factors as planned maintenance schedule will be implemented so parts can be changed out before a breakdown takes place and other areas can be checked for ware on a regular basis reducing the likelihood of a breakdown and an incident.	
Calibration Test – Much like the maintenance schedule specific calibration checks will be implemented these will done by maintenance using known waits as part of their planned maintenance schedule as well as at the start of each shift the previous shift and using the same method. This will also have to be done at the end of the shift if the equipment will not be used for 24 hours from the last output. To ensure there is no calibration change during processing all the first batch of pellets will have to have weight and geometry tested then from then on, every 10 pellets from each batch. Any changes will be reported to the process leader.
[bookmark: _Hlk200910524]Prestart and post process Inspections – at the start and end of each shift a series of checks and test will have to be completed. There will be a checklist with a comment section provided to the team leader to tick off once that check has been complete as well as any comments, these comments will also have to be reported back to the process leader. This will allow for traceability of any potential faults and the quality of the machine and material output. These will consist of mostly visual inspection as well as a calibration check at the start of the shift. Visual checks only at the end of the shift unless the equipment will not be used for 24hrs then the calibration checks will also be required. 
[bookmark: _Toc200955397]Conclusion 
In conclusion the system engineering helped showcase a top-down approach to design that looks at the systems then breaks it down further to ensure the systems is designed right from the full system all the way down to the sub systems level. The design was complete and broken down to a component level where it was taken to manufacture level where the most critical step in the process is identified and all the controls that are required to ensure consistency in output quality.
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Figure 1 - Stakeholder boundary map
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Figure 2 - Stakeholder influence map
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Figure 3 - stakeholder Affinity diagram
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Figure 4 - Pairwise results
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Figure 5 - Generic functionality
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Figure 6 - QFD 1 results
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Figure 7 - Whole system N2
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Figure 8 - whole systems QFD 2 results
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Figure 9  - N2 for the warhead module
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Figure 10 - Pairwise comparison Sub system
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Figure 11 - QFD 2 sub system
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Figure 12 - What why sub system
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Figure 13 - Critical noises sub-systems
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Figure 14 - Critical controls sub system
[bookmark: _Toc200955402] Appendix D – Manufacturing 
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Figure 15 - Pairwise comparison manufacturing
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Figure 16 - Manufacturing QFD 1
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Figure 17 - QFD 2 results
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Figure 18 - Process techniques QFD 3
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Figure 19 - Manufacturing critical process noises
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Figure 20 - Critical process controls
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Figure 21 - QFD 4 results
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