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[bookmark: _Toc228612967]1 Abstract
1.1 This report presents the evaluation and individual reflection of a group-based engineering project focused on the design and development of a mine clearance system within an Ordnance, Munitions and Explosives (OME) context. The project required application of systems engineering tools to develop a solution that met defined stakeholder and operational requirements. 

1.2 Particular emphasis is placed on my role as the Manufacturing Lead, where responsibility was taken for creating a feasible and safe manufacturing process for the PE-8 explosive fill of a shaped charge. I also completed additional research on polymer bonded explosives (PBX), manufacturing steps and regulatory constraints which informed the development of the manufacturing plan. 

1.3 The team’s communication, design process and individual contributions are evaluated, highlighting strengths and weaknesses. Reflection on the feedback received after presenting the product is also included, with additional reasoning given. Overall, the project shows the importance of structured methodologies, collaboration and evaluation in delivering an engineering solution.

[bookmark: _Toc228612968]2 Introduction
2.1 This report presents an individual reflection on a group-based project completed as part of the systems engineering module. The project required a newly formed team to design and develop a solution to a mine clearance scenario, applying structured systems engineering methods to meet defined stakeholder and operational requirements. The work was carried out with minimal supervision, reflecting a realistic engineering environment where effective collaboration, communication and accountability are essential.

2.2 To support the development process, the team used a QFD (Quality Function Deployment) design book containing a range of systems engineering tools, such as Function Means Analysis, Failure Modes and Effects Analysis, Parameter Diagrams, and Pugh matrices. These tools were used to guide decision making and ensure that the final design aligned with the initial identified requirements.

2.3 Particular focus in this report is placed on the output of the manufacturing lead, as this was my chosen role in the group. While also including the evaluation of team communication, individual contributions, presentation performance, strengths, weaknesses and areas for improvement.

[bookmark: _Toc228612969]3 Understanding Own Role 
3.1 Within the team, I was assigned the role of Manufacturing Lead, which aligned with my experience and professional role as a Product Development Engineer Apprentice working on a manufacturing site. This role required me to consider how the proposed design could be practically brought from concept to a real-life product, ensuring that it was not only theoretically sound but also manufacturable, cost-effective and safe to produce. This was completed by focusing on the assessment of material selection, manufacturing processes, assembly considerations and manufacturing safety controls.

3.2 To support my role a Manufacturing Safety Officer was also appointed; we worked through most of the manufacturing steps together to ensure a good level of safety was consistent throughout the development of processes. My role required continuous interaction with team members; other roles in the group included Operations Safety, Research and Development, Trials and Evaluation, and Waste and Disposal. 

[bookmark: _Toc228612970]4 Communication With Team 
4.1 Given the complexity of the task and the limited supervision, the team needed a clear and consistent method of connection to ensure each individual section aligned with the project correctly.

4.2 The team held regular in-person meetings in a booked university library room (Booking confirmations in Annex A), this allowed for face-to-face collaboration which proved to be most effective for getting started on the QFD process. The team completed the initial QFD design book up to the manufacturing sections in these meetings, having everyone in one room allowed for immediate discussion, clarification of ideas and rapid decision making.

4.3 Having lots of regular catch ups helped to identify any issues early on and it was found that even once the design book was completed, each role needed collaboration with others throughout the rest of the project. The mid-day meetings also allowed for members to work during the hours that suited them best, either in the morning or evening around the meetings, making for a more comfortable working environment. Personally, I preferred to work in the evenings while most of the rest of the team worked in the mornings.

4.4 During breaks between lecture blocks, the team used digital communication platforms such as WhatsApp and Teams, this helped to maintain coordination while members were spread all over the UK. Documents were edited live on a Teams shared folder system, this gave all members of the team the most updated sections of individual work, allowing each member to review and contribute to the team regardless of location. 

4.5 The most difficult part of working as a team was the difference in work ethic between members. While each member completed enough work to successfully present, some members left it to the last minute to finish their sections which put stress onto the rest of the team. 

4.6 Presentation rehearsals were also conducted in the meeting room, the team made sure to combine all individual work and run through the entire presentation twice the day before and once in the morning of the final, this gave adequate practice to narrow down on timing of each section and gave a good feel for what to expect.

[bookmark: _Toc228612971]5 Requirements / Design 
	No.
	Stakeholder Requirements

	1
	The system shall detect buried or surface-laid mines typical of legacy and improvised mine threats.

	2
	The system shall render detected mines safe by removal, destruction, or permanent disabling.

	3
	The system shall be transportable and operable using light vehicles (Land Rover, Hi-Lux, or equivalent).

	4
	The system shall clearly mark mines cleared lanes and boundaries in a way visible to follow-on with light wheeled vehicles.

	5
	The system shall function in high dust, sand, heat, and vibration conditions without degradation of performance.

	6
	The system shall clear the required route length within a time window compatible with urgent medical convoy movement.

	7
	In the event of malfunction, the system shall default to a safe condition without creating additional hazards.

	8
	The system shall be designed to enable safe, compliant breakdown and disposal of all system components, including explosive payloads, electronic subsystems and structural elements in accordance with applicable environmental, explosive safety, and hazardous waste regulations at end of life.


[bookmark: _Toc228612866]Table 1, Stakeholder Requirements

5.1 One of the first steps to completing the design book was determining stakeholder requirements, these were decided by the entire team and were created to try and incorporate each member’s role while also covering all the design brief. 

	No.
	Manufacturing Requirements

	1
	Reasonable cost

	2
	Volume capability

	3
	Reliability

	4
	Effective maintenance schedule

	5
	Quality consistency

	6
	Safe processes


[bookmark: _Toc228612867]Table 2, Manufacturing Requirements

5.2 Later in the design book, requirements were created to support the manufacturing QFD sections, these were derived by the manufacturing lead and the manufacturing safety officer. Both sets of requirements were vital for completing the QFD design book, they set the foundation for the development of the product so it was extremely important that they were accurate so that the correct product and manufacturing plan could be created.

[bookmark: _Toc228612972]6 Design Solution 
6.1 This final system was chosen over options that included bomb sniffing dogs, metal detectors and other detection methods due to its minimal risk to personnel during operation and giving the most reliable output. Development and selection of the system was completed through the provided QFD Design Book, this ensured the design directly fulfilled each of the stakeholder and operational requirements.

6.2 As a team, we designed a system that would consist of two unmanned vehicles. The first, an unmanned air vehicle (UAV) that had a detachable ground penetrating radar (GPR). The UAV would scan a programmed area and log the data while transmitting to the convoy, this received data could be used to find a safe route. To clear any mines that blocked the route, the UAV’s undercarriage could be swapped to one that would hold a PE-8 filled shaped charge, this could be flown out to the mine and placed on top, with detonating cord trailed back to the operators for activation. The shaped charge would then sympathetically detonate the mine, neutralising the threat.

6.3 Once the path had been cleared, an unmanned ground vehicle (UGV) would be sent to plough the path to ensure it was flat enough for the convoy to pass through, this also acted a secondary safety procedure as any unexploded ordnance would be triggered by the plough while far away from any personnel. The plough would also leave a mound on each side of the path to indicate where the safe route was, to make it more permanent and visible, flags could be placed on the inside edge of the mound on the first crossing.

[bookmark: _Toc228612973]7 Output To Team 
[bookmark: _Toc228612974]7.1 Research and Literature Review 
7.1.1 To create a manufacturing process plan, I had to complete additional research on how different polymer bonded explosives (PBXs) are manufactured. While detailed formulations and process parameters are restricted on open-source literature, the overall production methodology could be found and understood on a conceptual level.  PE-8 was chosen by both the Research and Development team and the manufacturing representatives, due to its highly common use by the UK, its modern formulation making it very safe to handle and extremely effective performance.

7.1.2 From a product detail sheet by Chemring Energetics UK, it was found that PE-8 is primarily made up of RDX (86.5%), plasticiser / binder (12.5%) and DMNB Taggant (1%) [1], these would have to be bought in after finding suitable suppliers. To mix the components, Planetary mixers are commonly used for mixing different materials very effectively, creating a consistent, homogenous product, they can consist of single or double blades which create a high dispersion rate, with adjustable rotational speed too. These units can be scaled for small or large quantities. [2] [3] 
[image: ]
[bookmark: _Toc228612841]Figure 1, Planetary Mixer Scale [3]

7.1.3 Following mixing, research was completed towards the methods used to form the plastic explosive into the shaped charge case. Common methods include casting, extrusion and pressing, with pressing being a widely used technique due to its ability to produce high density, uniform components with controlled geometry [5]. Studies show the densification process directly influences mechanical properties and performance of the explosive fill, with pressing or extrusion achieving high density and low defects. Cast filling can only be completed with lower densities and struggles with defects such as voids, while also being a much more complicated manufacturing process with increased cost of startup. [6] [7]

7.1.4 Literature review also highlighted the importance of adequate controls during manufacture. Mixing, pressing, density distribution and void formation are key factors that directly affect the performance and safety of the charge. Voids can alter the explosive's shock wave propagation and reduce performance, while inconsistencies can increase sensitivity if the RDX is not consistently desensitised in binder [8] [9]. These findings emphasise the need for controls to be investigated throughout manufacture for the safety of the users and reliability of the charge.

7.1.5 Key legislation surrounding manufacturing of explosives includes Explosives Regulations 2014 [9], which governs the manufacture, storage, handling and transfer of explosives, requiring appropriate licensing and security measures. Also, Control of Major Accident Hazards Regulations 2015 [10] (COMAH) must be considered due to the potential for large scale hazardous events, this covers mandating risk assessments and safety management systems to reduce risks to as low as reasonably practicable.

[bookmark: _Toc228612975]7.2 Interaction with Team
7.2.1 Due to my previous experience with excel and familiarity with systems engineering design books, I took leading role in completing the QFD processes during the early stages of the project. While we worked through the design book as a team, it was my job to translate the team discussions into outputs that went into the spreadsheet, while ensuring that all members contributed to each step through development. Prioritising completion of the design book enabled the team to converge on a clear product concept early, which provided a strong foundation for moving onto role specific research which was completed individually.

7.2.2 The team identified several components that would need to be manufactured including the mounting systems for the Ground Penetrating Radar (GPR), shaped charge carrier, shaped charge and plough mounting system. Other subsystems were selected as commercial off the shelf options following research by the Research and Development team. The manufacturing focus was directed towards the PE-8 explosive fill, as this was found as one of the highly critical parts of the system, identified during Design QFD 2. 

7.2.3 After all the design and development stages were completed, the manufacturing QFD process could be started by the manufacturing team. A range of systems engineering tools were applied, including process mapping, QFD stages 1-4, Process FMA, Pugh matrices, P-Diagrams. Control analysis and Noise analysis. These tools were used as a framework to develop system requirements into manufacturing processes and then later into controls. (Completed manufacturing QFD tools included in Annex B).

7.2.4 Strong collaboration was needed between Manufacturing Lead and the Manufacturing Safety Officer throughout the project. Initial manufacturing QFD steps were mainly completed by the Manufacturing Lead, which were vital for the Manufacturing Safety Officer to create adequate controls and safety precautions.

7.2.5 Working with the Research and Development team was required to define the explosive composition and functional requirements of the shaped charge. The combined choice of PE-8 as the explosive fill directly influenced the manufacturing approach.  Discussions were held later for deciding the mixing, handling and forming processes, with the R&D team and Manufacturing team coming up with ideas.

7.2.6 Engagement with the Trials and Evaluation team was essential in defining how the manufacturing process would be validated. Discussions focused on the transition from inert testing to live trials, ensuring that the manufacturing process could consistently produce components that met required specifications for quality and safety. T&E highlighted the importance of quality assurance within the process, implementing testing throughout manufacture to ensure the consistency of the explosive mix for a reliable product. 

7.2.7 Lastly, communication with the Waste and Disposal team focused on understanding the by-products of the manufacturing process and their associated risks. The mixing and handling of PE-8 creates hazardous waste, including contaminated materials and residual energetic material which require correct waste streams. The output from this was the consideration of minimising waste and creating disposal controls to ensure regulatory compliance.

[bookmark: _Toc228612976]7.3 Output to Presentation
7.3.1 For the presentation, as the manufacturing lead I created and included slides detailing the development of stakeholder and manufacturing requirements, a system tree diagram, explosive selection and justification, pre-production qualification steps, process steps and a proposed manufacturing facility layout. These slides summarised my contribution to the project and communicated the completed manufacturing QFD design book in a more understandable format for the audience.

[image: ]
[bookmark: _Toc228612842]Figure 2, Stakeholders Slide






[image: ]
[bookmark: _Toc228612843]Figure 3, System Tree Diagram Slide
[image: ]
[bookmark: _Toc228612844]Figure 4, Chosen Explosive Slide




[image: ]
[bookmark: _Toc228612845]Figure 5, Pre-Production Steps Slide
[image: ]
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[bookmark: _Toc228612978] 8.1 Presentation and Feedback Reflection
	Group Feedback / Questions

	All suitably professional in appearance. Simplistic and effective slide design, good use of visual images to help with audience understanding throughout. Many slides have a lot of writing on, this could make it difficult for audience to read, try practicing from the back of a large room to ensure your text is an appropriate size. Some very limited areas (it final square on trials safety slide) have a low text to background contrast making it very difficult to read, consider a darker text on a light background or lighter text on dark background as you have done well in the rest of the presentation. Try and avoid using acronyms where possible in the slides as not everyone who will be seeing these will be an expert, whilst you articulate very well in the presentation itself (well done!), it could be that not everyone who needs to see the slides will be present at the time. References slides included, this pleases Jenni! Overran by about 8 minutes.

Jenni. Cost of the system.
Gareth. Shaped charge (PE-8) notoriously bad. Complicated filling process. 
Dave. Human factors assessment
Jacko: Legislation when using drones. Programming etc.
Placement of the charge again. Balancing forces when the charge, how are ensuring it’s all gone?
EWA. Taggant? What is it?

	Dave Individual Feedback

	Manufacturing requirements Gathered and Pairwised
Slide very busy
Systems tree diagram used to identify subsystems
PE-8 used. How was the down selection made? Why not cast a PBX explosive fill.
Work up to live trials explained (Good)
What inerts could be used to represent explosives.
Mixing explosive seen as critical (would be with PBX as well)
What properties are you looking for.
Show the systems journey to end up with mixing in the report.
Think about STAMP for command and control in process.
Automated process chosen. (Show reasons for selection in the report)

	Jenni Individual Feedback

	Good pace of delivery. Quite quiet which could be difficult for some audience members to hear, especially in large rooms, however this did improve over the course of your section. Good, open body language with reasonable audience interaction. Quite a bit of reading from the slides, this could come across as being unprepared or unfamiliar with the material which is clearly not the case. Justification for focus on the explosive fill. Good detail of all stages of the production, with suitable focus on mixing.


[bookmark: _Toc228612868]Table 3, Presentation Feedback

8.1.1 Overall, the group performed as we expected and gave a good presentation. Our main difficulty was staying under the time limit; this was expected as some members of the team were consistently overrunning their time slot in practice sessions but not able to reduce their slides down. This could have been fixed through having a stricter formatting of slides. 
8.1.2 During early practice presentations I tried to develop a simplistic and effective format, but other members of the team prioritised including excessive information on the slides and only formatted slides for the final run through. Earlier preparation of slides with less information would have helped to shorten presentation time and been more presentable for the audience, solving two of the feedback points.

[bookmark: _Toc228612979]8.2 Individual feedback questions:
[bookmark: _Toc228612980]PE-8 used. How was the down selection made? Why not cast a PBX explosive fill? What properties are you looking for?
8.2.1 PE-8 was chosen due to its suitable property balance of high detonation performance and reduced sensitivity compared to other forms of explosive, while also allowing ease of shaping for consistent shaped charge geometry. Cast PBX was not chosen due to its increased manufacturing complexity, cost and risk. An effort was made to keep the cost down as there was no defined budget. Depending on scale, cast explosives would be used if a high output of shaped charges was needed, but the team believed that as it was only one team clearing mines, low quantity output was acceptable. Casting PBX is more susceptible to creating voids and inconsistencies too, these are less common in pressing, allowing for a more consistent product.

[bookmark: _Toc228612981]What inerts could be used to represent explosives?
8.2.2 Though possible inert formulations do exist; they are subject to proprietary information restrictions and are not publicly available. Inert blocks made from polymer bonded sand, rubber, plaster or low-density plastics can be found to simulate the finished product, but these cannot be used to replicate the mixing manufacturing steps. To replicate the manufacture, which is also needed for qualification, an inert composition can be used that is similar to PE-8, but with an inert substance mixed in instead of the explosive components.

[bookmark: _Toc228612982]Think about STAMP for command and control in process?
8.2.3 STAMP (Systems-Theoretic Accident Model and Processes) can be used to analyse safety within the manufacturing process by focusing on the structure of controls rather than individual component failures. This method sees accidents as results of inadequate control or enforcement of safety-related constraints on the design, development and operation of the system [11]. This would be beneficial to explore with the manufacturing safety officer as initial controls were implemented as part of the QFD process, these could be used to develop into more effective measures.

[bookmark: _Toc228612983]9 Conclusions and Recommendations
9.1 The project successfully demonstrated how a structured systems engineering approach can be used to develop a reliable solution to an OME scenario. The use of the QFD design book and systems engineering tools enabled the team to convert stakeholder requirements into a defined concept, which was later presented. Each member of the group contributed through completing work in their assigned roles, which helped to develop and justify the system. 

9.2 The focus on the PE-8 explosive fill allowed for a more detailed look into manufacturing methods, material behaviour and safety requirements, but was very limited due to the confidentiality around the knowledge of manufacturing explosives. As a result of this, manufacturing was developed using general PBX principles and assumptions based on available open-source literature. 

9.3 Moving forward, improvements could be made through defining feasibility factors, such as cost and scalability, as the project was completed with no clear budget. Development of control factors, through methods like STAMP, could be used to further improve the safety and reliability of manufacturing. Lastly, concept models and real-life manufacturing test runs could be completed to increase the understanding of each process step and help to find improvements in the design of both product and manufacture.

9.4 Overall, the project emphasised the importance of coordination between team roles when developing a system. While the initial approach was structured and supported early progress, constant communication was required to maintain each member’s alignment to the project when the team split off to complete individual work. The project also provided a practical insight into the challenges of working as a newly formed team and closely resembled a real, professional engineering task where it is common to interact with new people.















[bookmark: _Toc228612984]10 References
[1] Chemring Energetics UK Ltd, Plastic Explosive (PE8), Aug 2024, Available Online: https://www.chemring.com/~/media/Files/C/Chemring-V3/documents/energetics/CEUK%20datasheets%20Oct%2024/highexplosive/PE8_Aug_24.pdf, Accessed 27/04/2026.
[2] P. Gerber, A. Happ, “A NEW MIXING TECHNOLOGY FOR PLASTIC BONDED EXPLOSIVES.”, Fraunhofer Institut fur Chemische Technologie (ICT), Available Online: https://publica-rest.fraunhofer.de/server/api/core/bitstreams/5442e960-5061-4667-8836-651f982dc523/content, Accessed 27/04/2026.
[3] GlobalSecurity.org, Weapons of Mass Destruction (WMD) – Planetary Mixers, Available Online: https://www.globalsecurity.org/wmd/intro/bm-planetary-mixer.htm, Accessed 27/04/2026.
[4] Plastic explosive manufacture patent CA2765365C - Mouldable plastic explosives and inert simulants for mouldable plastic explosives - Google Patents
[5] X. Wu, J. Tao, B. Wang, H. Ren, ”Research on the mechanical behaviour of compression molding for simulated polymer-bonded explosives”.   Sci Rep, Jan 8 2026, National Library of Medicine, Available Online: https://pmc.ncbi.nlm.nih.gov/articles/PMC12800014/, Accessed 30/04/2026.
[6] W. Fawcett-Hirst, T. Temple, M. Ladyman, F. Coulon, “A review of treatment methods for insensitive high explosive contaminated wastewater”. Heliyon, 2021, Available Online: https://www.researchgate.net/figure/A-comparison-of-advantages-and-disadvantages-of-polymer-bonded-and-melt-cast-explosive_tbl1_353177252, Accessed 30/04/2026.
[7] Y, Guo, P. Chen, R. Liu, ZhijanYang, F. Zhang, L. Feng, K. Lv, B. Zhou, G. Hu, “Compressibility and meso-mechanical behaviour of polymer bonded explosives with different crystal qualities during pressing process.” Composite Structures, Jan 2025, Available Online: https://www.sciencedirect.com/science/article/abs/pii/S0263822324009127, Accessed 01/05/2026.
[8] H. Sun, X. Fan, M. Zhan, J. Guo, J. Zhang, “Mechanism of uneven densification in PBX compression molding”. International Journal of Mechanical Sciences, Vol 282, November 2024, Available Online: https://www.sciencedirect.com/science/article/abs/pii/S0020740324007240, Accessed 01/05/2026.
[9] Legislation.gov.uk, “The Explosives Regulations 2014”, 2014 No. 1639, Available Online: https://www.legislation.gov.uk/uksi/2014/1638, Accessed 01/05/2026.
[10] Legislation.gov.uk, “The Control of Major Accident Hazards Regulations 2015” 2015 No.483, Available Online: https://www.legislation.gov.uk/uksi/2015/483/contents, Accessed 01/05/2026.
[11] N. Leverson, M. Daouk, N. Dulac, K. Marais, “Applying STAMP in Accident Analysis”, MIT, Cambridge MA U.S.A, Available Online: Microsoft Word - leveson.doc, Accessed 29/04/2026.


[bookmark: _Toc228612985]11 Annexes
[bookmark: _Toc228612986]11.1 Annex A
 

























[bookmark: _Toc228612851]Figure 11, Room Booking Confirmations

[bookmark: _Toc228612987]11.2 Annex B
[bookmark: _Toc227924286][bookmark: _Toc228612988][image: ]11.2.1 Manufacturing QFD Process
[bookmark: _Toc228612852]Figure 12, Manufacturing QFD 1
[image: ]











[bookmark: _Toc228612853]Figure 13, Process Importance Chart
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[bookmark: _Toc228612856]Figure 16, Manufacturing QFD 2
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[bookmark: _Toc228612857]Figure 17, Manufacturing Means Importance Chart
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[bookmark: _Toc228612858]Figure 18, Manufacturing QFD 3
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[bookmark: _Toc228612859]Figure 19, Process Techniques Chart
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