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[bookmark: _Toc228728586]Abstract
A design team comprising of six OME Engineers were required to solve a problem; A complete design of an Explosive, Ordnance Disposal (EOD) capability with the application of Systems Engineering Principles, whilst ensuring that a strict group led approach remained at the core of the project. This project was carried out and delivered through the delivery of a presentation to a Panel of Subject Matter Experts (SMEs) to gain valuable feedback into procedural improvements and assumptions to address to ensure strict compliance to the design brief provided.
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[bookmark: _Toc228728589]Introduction
This module involved the design of an EOD system with a variety of restrictions and mandatory customer requirements, whilst conforming to worldwide safety and environmental legislative standards within a team of containing six personnel. This system was required to be developed and understood completely throughout a complete design process, with systems engineering principles applied from the start to ensure that the whole system and its potential life cycle, should it be manufactured and used within its proposed operating environment, would be addressed to enable seamless transition to a successful manufacturing stage. Within the Team, there were six different roles, occupied by six different people, the roles were as follows:
· Trial Research & Development (TR&D)
· Manufacturing
· Product Safety
· Environmental Safety
· Test & Evaluation (T&E)
· Breakdown and Disposal (B&D)
All of which were covered areas vital to ensuring the systems approach to safety, design and legislative compliance from the onset of the project. Adopting a pragmatic approach to ensure that the project would be designed correctly first time by considering all stages of its potential lifecycle all the way though the design process to prevent any catastrophic issues arising during future stages.



[bookmark: _Toc228728590]Design Project Management
Project Management was an essential component of this group project and treated as such throughout the duration of the project. This was implemented through the following measures:
· MS Teams Weekly Meetings.
· In Person Rehearsal.
· The use of the Systems Engineering Toolset (SET)
At the beginning of the project, development meetings occurred during university ‘free’ time, to form a project development plan and schedule. This led to a weekly catchup held on a Friday evening for a one-two hour duration, which would involve the team completing the SET with everyone contributing ideas of different requirements or scorings. In addition to reviewing the SET, the team would allocate different tasks to complete during the week, for each role. For example, the TR&D / Manufacturing team would need to identify trials and material selections to allow the Product Safety, Environmental Safety and Breakdown & Disposal sections to progress. E.g. The use of Aluminium would have much different Safety/ Disposal connotations to wood. These actions delegated at the end of each meeting would be put into the Teams ‘Microsoft Teams’ channel to allow for a group point of reference and to summarise the meetings outputs for absent members.
Following the completion of the SET and the finalisation of each roles presentation slides, in-person rehearsals were conducted at the UWTSD IQ Campus Library to ensure compliance to the timing restrictions, no overlaps between slide packs, to collate the presentations into one ‘group’ format to address formatting differences and to allow for everyone to prepare for public speaking.
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The role covered within this report is ‘Breakdown & Disposal’ of OME components used within the Rocket Rake EOD System. Breakdown and Disposal of mechatronic components adjacent to the OME within the systems were briefly touched, but due to the vast amount of sub system level components that could be addressed, the decision was to focus on the OME within the system to reflect the nature of this course, with ‘grouping’ of smaller components into categories seen within Table 1 - Waste Stream Management Plan.
To understand what will be required to be broken down and disposed of it is essential to understand the customer requirements and the functional requirements. Following the group discussion and completion of the SET, notably customer requirements, functional requirements, QFD 1, QFD 2 and concepts there was a need to breakdown the system into four subsystems, to start investigating what sort of components would be included and how they would require safe disposal. The four subsystems identified were:
· Vehicle Mounted System (VMS): The EOD device which would be mounted to the vehicle.
· Drone System: A Drone device that could provide an EOD facility for scenarios where the VMS would not suit.
· Ground Vehicle: Vehicle used to transport the EOD Systems.
· Power System: To effectively power the ‘complete’ system.
Based on the top-level requirements of Breakdown & Disposal:
1. Transportation of Equipment
2. Safe Breakdown of Equipment
3. Safe Disposal of Equipment
4. No Threat to the Operator throughout
Noting that the term ‘equipment’ would serve as high level term to included components and materials within each subsystem.
This role required constant communication between the rest of the team. For example, the ‘manufacturing’ project lead to understand what specific OME used within the system, with the eventual decision to produce an RDX Pellet which would be made in house, chosen by the manufacturing lead following a thorough QFD process. In addition to the safety and environmental project leads to understand what exact legislation and regulations the system would have to conform to during transportation.




Waste Stream Management Plan
	Components
	Materials
	Legislation
	Disposal Route

	Rake
	Steel
	Environmental Protection Act 1990
The Waste (England and Wales) Regulations 2011
	Scrap Metal Recycling

	Cable System
	Copper
Hazardous Coatings
Insulation Polymers
	Waste Electrical and Electronic Equipment (WEEE) 2013
	Electrical Waste Recycling Facility
Scrap Metal Recycling
Hazardous Waste Treatment

	Rocket Motor 
	Energetics
Metal 
Fuzes
	Carriage of Dangerous Goods and Use of Transportable Pressure Equipment Regulations 2009
DSA 02.OME: Defence Ordnance, Munitions and Explosives (OME) regulations
	Controlled Burn
Recycling of metal components

	Explosive Payload  (Shaped Charge)
	
	
	Controlled Detonation

	Ground Penetrating Radar (GPR)
	Electronics
	Waste Electrical and Electronic Equipment (WEEE) 2013
Restriction of Hazardous Substances 2012
	Electronic Waste Recycling
Recovery of Circuit Boards / Rare Metals

	Physical UAV 
	Composite Materials
Lithium Ion Battery
Motor
Electronics
	Waste Electrical and Electronic Equipment (WEEE) 2013
Environmental Protection Act 1990
Waste Batteries and Accumulators Regulations 2009 
	Electronics Removal
Composite Disposal
Recycling of Metals

	Vehicle Chassis
	Metal
	End-of-Life Vehicles Regulations 2003
	Reuse / Transfer of safe components
Metal Recycling


[bookmark: _Ref228714491][bookmark: _Ref228713103][bookmark: _Toc228743768]Table 1 - Waste Stream Management Plan
Table 1 encompasses the Waste Stream Management Plan which highlights the components within the EOD system on a sub system level, showing what the components are, what materials they will be manufactured from, the legislation they must comply to when managing their disposal in addition to how they would be disposed of.
The use of the waste stream management plan in addition to the outputs received from the initial design, TR&D and T&E team allowed for a thorough analysis of the system itself and improvements to be made for legislative conformance and design features. 

[bookmark: _Toc228728592]Literature review
When conducting Breakdown & Disposal of OME activities there are 3 overarching requirements to conform to:
· Transportation of the OME
· Safe Breakdown of the OME
· Safe Disposal of the OME
· No threat to the Operator throughout the previous processes
These are managed through mandatory compliance to legislation and regulations controlling the transportation and disposal of explosive goods such as DSA02.OME regulations [1], notably DSA.02.OME 211: Discarding and Disposal of Explosives [2] in addition to the HSE’s Explosives Regulations 2014 [3] which cover the requirement of transporting explosive material into and within the UK.
[bookmark: _Toc228728593]Method of Disposal - Routine Disposal
Rocket Motor Disposal
Disposal of a Rocket Motor (RM) will be contracted through a UK Based Disposal Authority (DA), which will receive the RMs i.a.w. The Carriage of Dangerous Goods and Use of Transportable Pressure Equipment Regulations 2009. The DA will dispose of the RM through a demilitarisation (Demil) method, most likely using a Static Fire Propellant Burn, where the RM is secured in place and the propellant used is ignited and burnt until there are no energetics left within the RM and all that is left is the metal housing. This method will be used for the following reasons:
· Contractor – These are organisations who will compete for contractual tender and have the facilities/ processes in place to store, transport and dispose of Energetics safely and are frequently audited by the Health and Safety Executive (HSE) and Defence Safety Authority (DSA) and other Safety/ Procedural governing bodies.
· Disposal of Energetic Compositions – Energetic compositions generally cannot be ‘recycled’ due to the nature of explosive materials and the strict safety regulatory requirements imposed on them
· Disposal of metal housing – The controlled propellant burn would allow for the recycling of the metal housing units i.a.w WEEE regulations for waste metal.
Shaped Charge Disposal
Disposal of a Shaped Charge (SC) will be contracted through a UK Based Disposal Authority (DA), which will receive the SCs i.a.w. The Carriage of Dangerous Goods and Use of Transportable Pressure Equipment Regulations 2009. Due to the cost burden this would incur for such a small item, this method of disposal would be predominantly used if the SC was being stored within a UK munitions depot and had exceeded its safe life cycle and thus required using. Should this occur in operation within an overseas territory, a controlled detonation would likely be carried out by the EOD SQEP operators.
Shaped Charges, requiring B&D are often used by energetic companies to neutralise other explosive devices, for example ‘In the early hours of 2 April 2026, at a construction site along Tanah Merah Coast Road, Singapore, EOD operators successfully neutralised a 250kg aerial bomb dating back to the Second World War. The operation, led by the Singapore Armed Forces (SAF) Explosive Ordnance Disposal (EOD) team, was completed without injury, disruption to Changi Airport flight operations, or damage to surrounding infrastructure. EOD operators successfully deployed Alford Technologies’ Vulcan shaped charge to neutralise the threat’ [4]. Although this was not a SC that had required disposal from a UK munitions depot, they are commonly shipped to a DA and used to perform a controlled detonation on large scale OME products that require disposal.
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Rocket Motor Disposal
Emergency Disposal of a RM will be conducted though on site, render safe procedures. These will be developed during the trials conducted within the Test & Evaluation (T&E) of energetic prototypes once the exact dimensions and structure of the RMs used within the EOD are confirmed. 
‘Render Safe involves systematically applying specialised procedures to disrupt the operational mechanisms of a hazardous item, such as an explosive device or ordnance. This process aims to eliminate the potential for detonation or other hazardous effects by disabling critical components and breaking the chain of events required for functionality.’ [4] Essentially, if a RM is damaged in operation to a point where it is deemed unsafe for routine disposal, it would be disposed of through a pre-determined Render Safe Procedure (RPS) which would ideally break the initiation chain, without initiation the propellent. The RM would be examined from a safe distance, potentially applying the Drone System with an additional capability of a camera, to ensure no threat to the operators throughout the examination in case an accidental initiation occurs.

Shaped Charge Disposal
Emergency Disposal of a SC will be conducted though on site, render safe procedures. These will be developed during the trials conducted within the Test & Evaluation (T&E) of energetic prototypes once the exact dimensions and structure of the SCs used within the EOD are confirmed. However, should a SC be deemed unsafe for transportation or human contact, it would be remotely detonated in a controlled fashion with a clear danger zone in place to protect the personnel within the vicinity.



[bookmark: _Toc51833419]
[bookmark: _Toc228728595][bookmark: _Toc299631675][bookmark: _Toc299621222][bookmark: _Toc290554257][bookmark: _Toc299631509][bookmark: _Toc299631599][bookmark: _Toc299631447]Presentation
[bookmark: _Toc228728596]Feedback

The presentation was delivered to a Suitably Qualified Experience Personnel (SQEP) Panel, including Subject Matter Experts (SMEs) on Explosive Ordnance Disposal (EOD) activities. The feedback from this panel was split into two sections:
- 	Section 1 – Team Feedback: This covered the information gathered during the group project with the Systems Engineering Toolset (SET) such as the customer requirements, functional requirements and concept chosen in addition to how the group presented as a whole.
- 	Section 2 – Bespoke Feedback: This was individualised feedback delivered to each personnel within the group on their delivery, participation and knowledge on the subject they delivered within the group project, for this report, the subject was ‘Breakdown & Disposal’.
The feedback analysis and subsequent reflection within this report will be based on the feedback received by the ‘Breakdown & Disposal’ Group SME, shown in Annex A.




[bookmark: _Toc228728597]Team Feedback
The key points raised within the team feedback comments delivered by the panel members were as follows, with comments in red:
1. The use of Acronyms throughout the presentation (without explanation). E.g. CAPEX – Noted, all acronyms used within this report have been described with the inclusion of an Acronym list.
2. (No identification of) The Material used to construct the rake. – Noted, this was detailed within the Waste Stream Management Plan, but not clear and obvious.
3. No detail about the vehicle modification package required. – Noted, the ‘general idea’ was explained following Q&A but not clear description shown within the presentation
4. No explanation of the trials required to evaluate the maximum range of the system. – Noted, should this project be revisited in the future, this comment would be passed on to the T&E team to conduct.
5. Lack of fragmentation danger areas. – Noted, should this project be revisited in the future, this comment would be passed on to the T&E team to conduct. This would be fed into the B&D team to plan for Emergency Disposal Procedures.
6. How would the device be positioned and how would this effect the ‘time on target’ - Noted, should this project be revisited in the future, this comment would be addressed at prototype stage to ensure the configuration performs optimally.
7. Too much information on some slides, audience unable to read. – Noted, should this project be revisited in the future, the slidepack would be reduced.
8. No ‘reference’ slide – Noted, should this project be revisited in the future, reference list will be collated though each project team and form a master reference list


Bespoke Feedback 
The key points raised within the bespoke feedback comments delivered by the panel were as follows, with comments in red: 
1. Describe Waste Stream Management Plan within Report. - Noted and actioned. PSA.
2. What tools were most useful? – Noted and actioned within this report.
3. Were disposal methods compared, or just selected? - Noted and actioned within this report.
4. Explain Acronyms. – Noted and reflected within this report. Please see List of Abbreviations.
5. Why were the four subsystems selected? – Noted and actioned. PSA.
6. Show feedback into Design Process within the report. – Noted and actioned. PSA
7. Try to interact with the audience more in the future, emphasis on body language/ eye contact. – Noted, will take forward for future presentations.


[bookmark: _Toc228728598]Reflections 
[bookmark: _Toc228728599]Feedback

The leading theme to the feedback received were gaps of information pertinent to the complete system itself and the choices made during the project as a team collective. E.g. Material selection, Vehicle Modification package information, Trial information & Fragmentation Danger Areas. This leads to a future requirement of prioritisation and analysis. A key issue found within the team was to streamline the information gathered into the timeslot allocated to each time; leading to a reduction of information where potentially required in addition to overcrowding of slides. In future scenarios, this could be addressed through a longer, more detailed, review period where prioritisation of key information is subjected to a more rigorous systems-based approach to ensure nothing of value is left out. Furthermore, repetition and learning of a script would enable the whole team to pace themselves better and incorporate more information into the presentation.

[bookmark: _Toc228728600]Implementation into the design process	
From the completion of the B&D research required for this proposed EOD design, the following features have been identified to feed into the system design process:
· Transportation of Energetic Goods
· Look to understand how the RM & Shaped Charge will be stored; transported and deployed.
· The packaging they will be put into/ conformance to applicable legislation such as The Carriage of Dangerous Goods Regulations 2009.
· Material Selection based on proposed disposal strategy/ risks they present. If a rocket motor is a nice to have, but not essential, is it worth the potential risk to the operators?
· Trial Plans
· Qualification and understanding of the Energetics used within the system. To transport and dispose of the energetic compositions, they must be fully characterised and understood iaw DSA02.OME regulations and NATO STANAG 4170 - Principles and Methodology for the Qualification of Explosive Materials for Military Use. To potentially reduce cost and transportation restrictions, could a different composition be selected that has either been fully qualified or type qualified (it has been deemed safe for service).
· EOD Design.
· The Vehicle Mounted System would be a lot easier to transport and recycle, potentially alter the system be ‘modular’ and easily detach from the vehicle.
· Vehicle Chassis.
· Investigation to be held to identify whether a complete structural amendment (Drilling/ Welding/ Cutting/ permanent damage) is required to complete the system? A modular design which can detach from the Toyota Hi-Lux and reattach without any permanent changes would allow for the Hi-Lux to be either sold or re deployed as a different capability.
· 

[bookmark: _Toc228728601]Conclusion 
A group led, systems-based engineering approach to a technical engineering problem allows for identification of issues and flaws within a design from the start of the process. It prevents the progression of an engineering problem from a / concept into the manufacturing stage with clear and obvious errors that are instantly visible, or discrete and would be found out during later stages such as implementation and system disposal. The use of a group allows for an unbiased holistic perspective throughout the process, with countering viewpoints and engineering discussion feeding into product safety and design alterations.
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	Adam Foley
	Team 3
	

	Team feedback /  Questions

	CAPEX? Acronyms in general
What are you making the rake out off?
Jeep..needs mods to the vehicle? Will it be man enough?
Gareth, reaction loads 
Carl…Need to work in 30m increments? Trials needed to evaluate max range.
Calculations preformed on blast radius
What are frag danger areas (Areas of effectiveness of mine)
How do you position the device? How does this effect time on target
You may need to map out a functional sequence for the device to answer Jacko’s question.
Targeting for AP mines.
Gareth. Think about anchoring and alternative launches. Double impulse fuze on M15 mine
Ewa. Manufacturing FTIR as quantitative measure? Why?

Suitably professional appearance. Slides have a simplistic and effective design, good use of visuals throughout to help the audience. Some of the test and background colours on the slides (particularly noises and controls graphs) have a low contrast which makes it difficult to read, especially from the back of a room. Consider using a better contrast as you have for the rest of the slides. A lot of acronyms are used, remember that not everyone in the will be an expert and may need this explaining. Some slides (particularly critical analysis of disposal design data and preparation of design) have a lot of text which is impossible for the audience to read. Consider practicing your presentation by standing at the back of a large room before delivery. Would have been nice to see a reference slide just to show that the information came from somewhere legitimate, make sure this is demonstrated in the report.

	Feedback / Comments Dave

	B&D

Planning for disposal, Risks recognised
Four subsystems used (n squared or common sense?) 
Requirements well presented.
Redeployment OK

Sale who wants a lightly modified hi lux (Made me smile)

Disposal of Explosives, Difference between routing and emergency understood
Again, explain acronyms
Did you compare and contrast disposal methods or just select the ones presented.
Shaped chare and RM schemes explained.

Safety characteristics for disposal well tabulated.
Tools tabulated. Which of these was most useful?

Show feedback into design process in report.

Waste steam management plan presented. Ensure this is described in the report.

	Feedback / Comments Jenni

	Good volume and pace. A lot of reading from the slides, this can give the impression that you are unfamiliar with the material or unprepared when this is not the case. Try and interact more with the audience and make more eye contact to avoid this in future. Presented with hands in pockets, this is not the most ideal body language, but I do appreciate it can be difficult to know what to do with your hands, this will become more natural over time. Steps required for disposal process are clearly explained with the reasoning why. Consideration of routine and emergency disposal to cover all potential situations.
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                                 Breakdown and Disposal • ‘One of the main causes of accidents in the explosives industry is the disposal of explosives waste. • The risks associated with disposal of explosives waste means that incidents often lead to injuries or fatalities. • 'Disposal of explosives' means their destruction, or rendering them permanently explosively inert, or their safe and legal transfer to a competent person.’
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Understanding the deliverables for design for disposal in test and production arenas

Energetic
Render Safe
Procedures

Breaking
Detonation

Demil Process

Emergency
Render Safe

Sensitivity
Characteristics

Impact

Friction

Shock

Thermallgn
Thresholds

Thermal
Stability &
Decomposition

Energetic Aging
in an artificial
environment

Understanding
of how the OME
can be stored
safely

Hot vs Cold
Environments

Detonation
Characteristics

Unplanned &
Planned
Detonations

Shock wave

Blast Radius

Danger Zone

Transportation
& Storage Data

Material
Compatibility
Data

IM Testing

Vibrational
Testing

Air/Sea/Land
Transportation
Qualification

Mechanical &
Physical
Properties

Understanding
the materials
involved

Safe methods of
transportation





image15.svg
                                                                                                                                                                                                                                                           Understanding the deliverables for design for disposal in test and production arenas  Energetic Render Safe Procedures  Breaking Detonation Chain  Demil Process  Emergency Render Safe  Sensitivity Characteristics  Impact  Friction  ESD  Shock  Thermal Ignition Thresholds  Thermal Stability & Decomposition  Energetic Aging in an artificial environment  Understanding of how the OME can be stored safely  Hot vs Cold Environments  Detonation Characteristics  Unplanned & Planned Detonations  Shock wave  Blast Radius  Danger Zone  Transportation & Storage Data  Material Compatibility Data  IM Testing  Vibrational Testing  Air / Sea / Land Transportation Qualification  Mechanical & Physical Properties  Understanding the materials involved  Safe methods of transportation


image16.png
Critical analysis of disposal design data

— Explosive Hazard Data Sheet (EHDS):
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Feedback into the design process

* Material Selection
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+ IM

* Legislation Compliance

DSA 03.0ME Part 1: Defence Code of Practice (DCOP) 107 - Explosive Materials Qualification
Def Stan 07-085 - Design Requirements for Weapons and Associated Systems

* Design Modularity
* Ensure the Operator/ Disposal Authority can access and remove the OME Safely.
* JSP 762 - Weapons and Munitions Through Life Capability.

* Design for Storage
* Conditioned Storage to prevent the requirement of premature disposal activities
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Preparation of the waste stream management plan
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