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[bookmark: _Toc228707692]Introduction
This report is a reflection on the Product Safety Lead’s contribution to a group design project concerned with a portable mine detection, clearing and marking system for a medical convoy operating in desert terrain.
The operational scenario involved a convoy carrying medical supplies through a steep-walled pass containing a mixed minefield of Russian OZM-72 bounding anti-personnel mines and the American M15 High Explosive anti-tank mines [1]. The route could not easily be bypassed, helicopter use was constrained by a MANPAD threat, and the system had to be suitable for light vehicles such as Land Rover or Toyota Hilux type platforms. The brief also excluded Python-type line charge systems due to vulnerability and capture concerns.
The design team proposed a light vehicle compatible ‘Rocket Rake’ system, supported by drone-based detection and mine-defeat capability, and a simple marking system. The rocket rake was used to provide a rapid mechanical clearance effect and the drone system was used for detection and for threats inappropriate for the rake alone.
The author’s assigned role was Product Safety Lead. In addition to this formal role, the Product Safety Lead organised meetings, coordinated deadlines, helped structure the presentation from the marking scheme, researched Commercial Off-The-Shelf (COTS) considerations, prepared Product Safety material, contributed to design decisions, and produced the Blender visuals used to communicate the system sequence.
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[bookmark: _Toc228707693]Literature Review
This literature review considers the sources a design team would need to consult before proposing a portable mine detection, clearing and marking system. The focus is on OME legal requirements, COTS options, safety documentation, and the supplier route for energetics.
JSP 482 is relevant because it provides the Ministry of Defence framework for safe storage and processing of OME [2]. Any energetic component, launch mechanism, mine-defeat payload or related store would therefore need controls for storage, transport, handling, security, misfire response and disposal [2]. DSA 03.OME also applies because it covers OME safety management, acquisition and safety-case expectations, requiring hazards to be identified, analysed and controlled so residual risks are tolerable and ALARP [3]. HASAWA 1974 and the Explosives Regulations 2014 are also relevant because the system could expose operators, maintainers and third parties to hazards from explosives, energetic materials, fuel, vehicle movement and recovery operations [4], [5].
Mine-action guidance is relevant because the requirement is not only mine defeat, but safe passage for current and future convoys. IMAS 09.10 explains that clearance forms part of land release and must be supported by an appropriate quality system, procedures and responsibilities [6]. IMAS 07.11 also emphasises competent personnel, approved procedures, appropriate equipment and quality assurance [7]. These sources show that a mechanical clearance device cannot automatically be treated as route release; the design must also support detection, marking, recording, confirmation and handover.
The team reviewed COTS and military off-the-shelf solutions. Because the brief prohibited Python, comparable line-charge systems such as M58 MICLIC were considered [8]. However, this approach was unsuitable because the brief raised concerns around vulnerability, misfire, and capture. Mine Kafon was also reviewed as a lower-cost concept; the Mine Kafon Ball is described as a wind-powered device heavy enough to detonate landmines [9]. It supported thinking around standoff, but was unsuitable for controlled, rapid vehicle-route clearance. Alford Technologies’ drone payloads and Chemring’s Pigstick and WASP disruptors were also considered as targeted EOD disruption options [10], [11]. These supported the drone-defeat concept, but were not primary clearance solutions.
Finally, the supplier route for energetics would need to be established. Any energetic component would require evidence for safety, qualification, insensitive munitions compliance, hazard classification, storage, transport and disposal [12]. DSA 03.OME states that new munition acquisitions should comply with IM policy where relevant and that this should be considered as part of the user requirement [13]. Overall, the literature showed that the system should be judged not only by whether it could clear mines, but whether it could be legally sourced, safely integrated, documented, tested and controlled through its lifecycle.

[bookmark: _Toc228707694]Requirements
The first step of the project was to convert the operational scenario into a design problem. The team had to develop a portable mine detection, clearing and marking system for a medical convoy moving through a mined desert pass. The system needed to support rapid movement, avoid helicopters and heavy vehicles, remain compatible with light platforms, and address a mixed OZM-72 and M15 mine threat. Python line charge systems were excluded by the brief.
At this stage, the Product Safety role was to ensure the task was not treated only as a performance problem. The system did not simply need to defeat mines; it needed to provide safe passage for the current convoy and sufficient confidence for future convoys. Failure to detect, clear, mark or communicate residual risk would all represent safety failures.
The team initially generated ideas quickly, but the Systems Engineering process helped measure enthusiasm and focus discussion on requirements. From the Product Safety perspective, the key output was that safety became embedded in the design requirements from the start, influencing later decisions around standoff distance, remote operation, cable safety, marking and drone support

[bookmark: _Toc228707695]Concept
The next stage broke the problem into functions. The system needed to be transported, be deployed, detect mines, defeat mines, confirm clearance, mark the cleared lane, and then be secured or undeployed. Drawing functions out from the requirements characterised the system more accurately. It showed that the design was not simply a mine-defeat device, but a wider route clearance system requiring detection, confirmation, and marking functions.
The team then considered several concepts, including a rocket-launched rake, front-mounted plough and acoustic infrasound concept, alongside rollers, flails, manual clearance, drone-only and UGV based options. Many possible solutions were ruled out: flails and rollers required heavier platforms, a plough increased operator exposure, manual clearance was too slow, and drone-only or UGV systems were incomplete for rapid route clearance.
From the Product Safety viewpoint, each concept carried a different hazard profile. The rocket rake introduced launch, cable and structural risks, but offered improved standoff from the minefield. Team discussion was constructive, especially around rake survivability and manual versus remote vehicle operation. The main output was a narrowed concept set and clearer understanding of safety trade-offs.

[bookmark: _Toc228707696] Design Development
The Rocket Rake concept was selected because it balanced speed, portability, standoff and compatibility with light vehicles. It was developed as a Hilux based system in which a rocket launched rake would be deployed across the minefield and then pulled back through the lane, supported by a drone for detection and selected mine defeat tasks. This combined approach improved the design’s ability to deal with different mine threats.
As the concept matured, the recovery mechanism changed from a more complex winch arrangement to a fixed-cable towing system. The product safety lead suggested this, as from the Product Safety perspective, this improved standoff by avoiding the risk of dragging disturbed mines closer to a static vehicle. The drone also had mine defeat capability added after recognising that the M15 anti-tank mine could potentially destroy the rake, meaning the system could not rely on the rake alone.
The Product Safety lead influenced this stage by linking design features to hazard controls, including cable distance, remote operation, cable release and armour. The Blender renders produced at this stage were also a valuable output, helping the team communicate the system sequence and identify practical questions around positioning, range and standoff.
Product Safety was important here, as the concept is more fleshed out, the hazards are clearer and safe by design can employed. The standoff distance, cable release, remote operation and armour were all treated as risk controls, not optional features. The design discussion also highlighted that the rake, cable and drone were safety-critical interfaces because failure of any one of them could expose the vehicle, operator or future convoys to any remaining mines.

[bookmark: _Toc228707697]Final Design Stages and Presentation
Once the core concept was agreed upon, the project shifted toward integrating each lifecycle role into a coherent proposal. The six roles covered Environmental Safety, Trials Research and Development, Manufacturing, Test and Evaluation, Breakdown and Disposal, and Product Safety. This helped ensure the design was considered across its lifecycle, not only as an operational device.
The team communicated through regular meetings and Microsoft Teams, which supported document control and shared working. The Product Safety lead coordinated meetings, track deadlines and create the presentation skeleton from the marking scheme, ensuring that each role contributed to one integrated design narrative.
The Product Safety output identified key requirements, including preventing harm, conforming to OME regulations and applying ALARP principles. It also identified hazards such as vehicle movement, drone payload, cable tension, rocket plume, negligent discharge, mines, diesel and rocket fuel.
The Product Safety lead then rendered final mockups of the design concept that were particularly important because the system operated with a sequence of functions rather than as a static object. Showing launch, deployment, towing and drone support helped the illustrate how the concept would work and helped the team present a more coherent design narrative. The Product Safety lead then created the presentation layout from the marking scheme and assigning the other team members to their respective slides helped prevent the output from becoming a set of disconnected role reports.
The Product Safety lead’s outputs to the team were therefore both technical and communicative. Technically, the role produced the Product Safety content, including safety requirements, hazard identification, mitigation themes and the Basis of Safety. Communicatively, the role supported meeting organisation, deadline control, presentation structure and visualisation. This helped the team turn a complex concept into a coherent presentation.

[bookmark: _Toc228707698] Feedback
Presentation feedback highlighted technical feasibility, safety assurance and communication quality. Technical questions focused on rake material, vehicle capability, operating increments, maximum range, anchoring, alternative launch methods and the M15 double impulse fuze. From the Product Safety viewpoint, these were also safety issues because rake failure, cable overload or vehicle immobilisation could leave the route unsafe.
Safety feedback focused on blast radius, fragment danger areas, targeting, positioning, time on target and the need for a clearer functional sequence. HazID was therefore a useful starting point, but the safety argument needed stronger treatment of system interactions and operational sequencing. The suggestion to consider STAMP also highlighted command-and-control risk, not only component failure.
Communication feedback praised the professional appearance and visuals, but noted low contrast, text-heavy slides, unexplained acronyms and limited referencing. Overall, the feedback framed the design as promising but still requiring trials, safety-case development, route-marking definition and verification before further maturity.

[bookmark: _Toc228707699]Reflection
Overall, the project progressed well. The team produced a novel Rocket Rake concept that responded directly to the brief by remaining compatible with light vehicles, avoiding helicopter dependency and Python-type line charges, providing operator safety, and integrating drone support for detection and selected mine-defeat tasks. The structured design process helped the team move from a broad operational scenario to a more defensible concept.
The main strength of the team was constructive collaboration. Team members debated design choices, but generally gave ground when stronger arguments were made. This was important because the project involved trade-offs between speed, safety, portability, technical complexity and clearance effectiveness. The role structure also worked well because Environmental Safety, Trials Research and Development, Manufacturing, Test and Evaluation, Breakdown and Disposal, and Product Safety each brought a different lifecycle perspective to the design.
From the Product Safety viewpoint, the strongest contribution was keeping safety embedded throughout the project. OME risk, user exposure, stand-off, ALARP, safe-by-design principles and basis-of-safety thinking were considered as part of design development rather than as a final check. The Product Safety lead also supported coordination and visual communication, helping the group turn a complex operating sequence into a clear presentation.
What went less well was the tendency to solutionise early. The brief was practical and encouraged immediate design ideas, but early solution selection risked obscuring functions such as marking, confirmation, recovery, disposal and failure management. The systems-engineering process helped reduce this, but the team could have been more disciplined in recording why options were accepted or rejected. A clearer decision log would have improved traceability.
Another limitation was that the final concept was stronger in clearance than in marking and route release. The brief required a detection, clearing and marking system, but the marking function was not developed to the same level as the rocket rake and drone elements. This became clearer after feedback, which highlighted the need for a functional sequence, trials evidence, route marking definition and verification.

[bookmark: _Toc228707700]Recommendations
If the project were repeated, the first improvement would be to maintain a formal decision log. Recording decisions against criteria such as safety, speed, portability, reliability, manufacturability and compliance would make the design process more traceable.
The second improvement would be to define the functional sequence earlier, from arrival at the minefield through detection, launch, clearance, confirmation, marking, recovery and handover. This would help identify hazards, interfaces and missing functions before the concept became fixed.
The third improvement would be to develop the marking and route-release process more fully. The system needed clearer arrangements for physical marking, GPS logging, recording, communication and handover because safe route use requires confidence in the cleared lane, not just mine defeat.
Finally, the Product Safety argument ideally should be developed earlier into a more formal safety case, covering blast and fragment danger areas, cable hazards, misfire response, vehicle survivability, drone control and residual risk. STAMP could also be considered for command-and-control risks. Overall, the process should become more traceable and evidence led before the design could be considered robust.

[bookmark: _Toc228707701]Conclusion
The project can be judged as a successful early-stage design exercise. The team developed a credible and novel concept that addressed the main constraints in the brief: speed, portability, light-vehicle compatibility, avoidance of helicopter dependency, avoidance of Python-type line charges, and the need to manage a mixed mine threat. The Rocket Rake concept, supported by drone detection and selected mine-defeat capability, provided a coherent response to the problem.
The Product Safety role made a meaningful contribution by linking hazards to design features and controls. Cable distance, remote operation, cable release, armour, SQEP operators and deliberate checking behaviours were not treated as isolated safety comments, but as parts of the system’s risk-control strategy. This helped frame the design as a system requiring safety justification across operation, manufacture, testing, disposal and future route use.
However, the design should not be considered operationally mature. Important uncertainties remained around rake material, rake survivability, vehicle capability, cable loads, blast and fragment danger areas, M15 mine effects, marking, verification and residual risk. The final concept should therefore be viewed as promising, but requiring further development before it could support a defensible safety case.
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