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This report explains how systems-engineering tools were applied to an OME design problem from the Product Safety viewpoint. The design task required the  team to propose a solution to a portable mine detection, clearing and marking requirement.

[bookmark: _Toc51833419]The case study involved a medical convoy that needed to pass through a mined desert route where helicopter movement, heavy vehicles and mine-clearing line-charge systems were unsuitable. The proposed design was a light-vehicle ‘Rocket Rake’ concept supported by drone-based detection and selected mine-defeat capability. The Product Safety role was concerned with how the systems toolset helped develop a safer design, rather than treating safety as a final compliance check.

[bookmark: _Toc228791274]Application of the Design Toolset
[bookmark: _Toc228791275]Needs Analysis and Requirements
The first stage translated the operational scenario into customer requirements. The system needed to be portable by light vehicle, open a route rapidly, avoid the Python Line Charge approach, detect and clear a mixed mine threat, then mark the cleared route.

	The system shall defeat the mine threat in a minimal timescale.

	The system shall not be vulnerable to MANPADs.

	The system shall not produce UXO.

	The system shall defeat every mine in the desired area.

	The system shall be insensitive to bullet, fragmentation attack.

	The system shall mark the area cleared of mines.

	The system shall not render the road impassable by its use

	The system shall always detect buried mines within a horizontal distance of 30cm.

	The system shall always detect buried mines up to a depth of 15cm.

	The system shall be suitable for use with mines up to 15 Kg NEQ.

	The system shall be suitable for use with mines fuzed with pressure, tripwire, tilt-switch and remote triggers.

	The system shall operate reliably for the full duration of minefield clearance tasks without unplanned loss of function.

	The system must not harm or kill any persons.

	The system should conform to OME Safety Regulations

	The system shall be transportable by light vehicle.

	The system shall be suitable for use in sandy desert environments (AECTP-230 zones A1, B2, C1)


[bookmark: _Toc228791293]Table 2‑1 Requirements Set

From the Product Safety side, the important insight was that safety was not only the requirement to ‘not harm the operator’. Failure to detect, defeat, mark or communicate residual risk would also be a safety failure. Needs analysis therefore helped prevent the team from viewing the problem as a simple mine-defeat task. The design had to support safe passage, route confidence and future use.
Pairwise comparison and Quality Function Deployment (QFD) were used to prioritise requirements. QFD is associated with Yoji Akao and is used to translate the “voice of the customer” into engineering characteristics and design targets; its value in this project was traceability from operational need to design feature [1], [2]. This meant that the team could judge concepts against prioritised needs rather than novelty. For Product Safety, the most important requirements were those linking mine defeat, detection confidence, marking, light-vehicle compatibility, OME compliance and non-harm.
[bookmark: _Toc228791288]Figure 2‑1 Pairwise Comparison of Requirements


	How
	Importance
	Transport system to minefield
	deploy the system
	Detect Mines
	Defeat Mines
	Confirm Clearance
	Mark Cleared Area
	Undeploy System

	Requirements
	 
	 
	 
	 
	 
	 
	 
	 

	The system shall defeat the mine threat in a minimal timescale.
	0.97
	9
	9
	9
	9
	9
	9
	9

	The system shall not be vulnerable to MANPADs.
	1.99
	 
	9
	9
	9
	9
	9
	 

	The system shall not produce UXO.
	2.62
	 
	 
	3
	9
	9
	 
	 

	The system shall defeat every mine in the desired area.
	22.1
	 
	 
	 
	9
	3
	 
	 

	The system shall be insensitive to bullet, fragmentation attack.
	1.29
	 
	 
	3
	3
	 
	 
	 

	The system shall mark the area cleared of mines.
	11
	 
	 
	 
	 
	9
	9
	 

	The system shall not render the road impassable by its use
	2.87
	 
	 
	 
	9
	 
	1
	3

	The system shall always detect buried mines within a horizontal distance of 30cm.
	17.6
	 
	 
	9
	3
	 
	 
	 

	The system shall always detect buried mines up to a depth of 15cm.
	13.9
	 
	 
	9
	3
	 
	 
	 

	The system shall be suitable for use with mines up to 15 Kg NEQ.
	4.06
	 
	 
	 
	9
	 
	 
	 

	The system shall be suitable for use with mines fuzed with pressure, tripwire, tilt-switch and remote triggers.
	3.8
	 
	 
	9
	9
	 
	 
	 

	The system shall operate reliably for the full duration of minefield clearance tasks without unplanned loss of function.
	2.52
	 
	9
	9
	9
	9
	9
	 

	The system must not harm or kill any persons.
	8.76
	 
	3
	3
	9
	3
	3
	3

	The system should conform to OME Safety Regulations
	1.05
	 
	 
	3
	9
	3
	 
	 

	The system shall be transportable by light vehicle.
	2.15
	9
	9
	 
	 
	 
	 
	9

	The system shall be suitable for use in sandy desert environments (AECTP-230 zones A1, B2, C1)
	3.26
	9
	9
	9
	9
	9
	9
	9


[bookmark: _Toc228791294]Table 2‑2 QFD 1
[bookmark: _Toc228791276]Functional Decomposition
Functional decomposition was used to derive what the system had to do before deciding what equipment should be used. The key functions included transporting the system to the minefield, deploying it, detecting mines, defeating mines, confirming clearance, marking the route, and securing or undeploying the system.
Deriving functions from the requirements characterised the system more accurately: the solution was not simply a mine-defeat device, but a route-clearance system requiring detection, confirmation, marking and communication functions. This was a significant Product Safety output because confirmation and marking are safety functions. If a route is poorly marked or clearance confidence is not communicated, follow-on users may be exposed to residual mines even if the initial clearance mechanism worked as intended.
Functional metrics then converted these functions into measurable targets. Detection could be expressed through detection depth, probability of detection and false alarm rate. Mine defeat could be measured by failure-to-defeat rate. Route marking could be measured by marker spacing, visibility and positional accuracy. Stand-off could be expressed as minimum separation from expected mine effects. These metrics created a bridge between requirements and verification.
[bookmark: _Toc228791289]Figure 2‑2 Functional Importances
[bookmark: _Toc228791277]Function Means Analysis
Function Means Analysis was used to generate alternative ways of satisfying the system functions. This would be done by coming up with various means for each function, from pragmatic to less realistic ideas. Concepts considered included the Rocket Rake, a front-mounted plough, an acoustic infrasound concept, drone-only solutions, UGV-based approaches, manual techniques and line-charge-type systems considered by analogy. The purpose of this model was not to select the answer immediately, but to widen the design space and have the opportunity for an idea that on the face might be unrealistic, but with focused consideration become the optimal idea.
From the Product Safety viewpoint, each option introduced a different hazard profile. Many solutions generally required heavier or armoured vehicles, conflicting with the light-platform constraint. A plough was mechanically simple but placed the vehicle closer to the mine threat and raised questions about whether a light vehicle could push to the required depth. Manual clearance increased personnel exposure and was too slow. Drone-only and UGV-based approaches improved stand-off but were incomplete as rapid route-clearance systems. Line-charge systems demonstrated stand-off clearance but were inconsistent with the brief constraints.
The Rocket Rake began to emerge as one of the promising options because it provided a potential balance of speed, portability, stand-off and simplicity. It also introduced its own hazards, including launch reliability, cable tension, rake survivability and vehicle loading. So Function Means Analysis allowed safety to become a comparison of risk profiles, not just a binary judgement of whether a concept was safe or unsafe.
	Function
	Means
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Transport system to minefield
	Integrated to Vehicle
	In the back of truck
	On foot
	Pedal powered
	Airdrop
	Self-propelled
	Tracks
	Wheels
	Legs
	 
	 
	 
	 

	Ensure safety of transportation
	Speed Limiter
	Dampeners
	Container
	Design Hardening for Robustness
	Soft suspension
	low pressure tyres 
	shock mounts
	 
	 
	 
	 
	 
	 

	deploy the system
	Rails
	Self propelled 
	Carry system off the vehicle
	roll the system off the vehicle
	Construct system
	Ramp
	 
	 
	 
	 
	 
	 
	 

	Select deployment location
	GPS
	Sat Nav
	Info from the locals
	LIDAR
	Visually confirm minefield
	Maps
	 
	 
	 
	 
	 
	 
	 

	unstow system
	untie
	Small form factor
	unclip
	roll off truck
	 
	 
	 
	 
	 
	 
	 
	 
	 

	initialise system
	On Button
	Remote
	explosive
	kinetic energy
	Switch
	autonomous
	 
	 
	 
	 
	 
	 
	 

	Detect Mines
	GPR
	NQR
	Dogs
	 
	 
	 
	 
	 
	
	 
	 
	 
	 

	Define search area
	Input from Command
	Digital co-ordinates system
	Based on device known clearance dimensions
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	conduct search
	run GPR detection
	Physical Search
	Nuclear Quadrupole Resonance
	Dogs
	Sweeping in columns
	Sweeping in rows
	at random
	Sweeping diagonnaly
	Sweepin in Knight movements
	 
	 
	 
	 

	Filter anomalies
	AI
	SME
	Code
	ensure distinct search results
	Defeat anomalies as well
	 
	 
	 
	 
	 
	 
	 
	 

	Defeat Mines
	Waterjet
	Displace mines to safe detonation location
	Seismic
	Explosively
	RF (Car Alarm)
	Fuel air Explosive
	 
	 
	 
	 
	 
	 
	 

	begin the mine defeating protocol
	Press the button
	On detection of mine
	Timed Delay
	Match Fuzee
	External Controller
	 
	 
	 
	 
	 
	 
	 
	 

	defeat mine
	Waterjet
	Displace mines to safe detonation location
	Ballistic Impact
	Explosively Disable Fuze
	Explosive Initiation
	Seismic
	Magnet
	Radio
	Rovers
	 
	 
	 
	 

	prevent unwanted initiation of mine
	Protective barrier
	Safe Distance
	Lightweight System
	System that 100% does not cause detonation
	 
	 
	 
	 
	 
	 
	 
	 
	 

	manage failure-to-defeat
	Perform defeat protocol again
	Mark failed area
	Avoid
	Swiss Cheese Model
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Confirm Clearance
	Dave in bomb suit
	Drive over cleared area
	Perform defeat protocol again
	Camera 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Verify via detection process
	Perform defeat protocol again
	Dogs
	Metal Detector
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Operator decision of confirmation
	Output cleared area to display
	Assume device functioned
	confirmation box
	Record decision
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Mark Cleared Area
	physical marker e.g post
	mark around area by drawing with stick
	paint
	GPS
	Memory
	Inflatable Balloons
	 
	 
	 
	 
	 
	 
	 

	Prepare Marking system
	Remove from box
	load marking object
	Input marking area
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Deploy marking system
	On Foot
	Drones
	explosive
	Get it off the truck
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Record mark locations
	Pen and Paper
	Memory
	photography
	GPS data recorder
	LIDAR
	RADAR
	WIFI
	BLUETOOTH
	SEXTANT
	Infrared
	 
	Audible Beep
	Ultraviolet

	Share mark locations
	Radio Comms
	Digital Map
	Paper Map
	MorseCODE
	Social Media
	Minefield mapping website
	shout
	newspaper
	magazine
	Flyers
	Fliers
	Physical Indentifiers Remain
	apple airdrop

	Undeploy System
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	de-initialise system
	Off Switch
	Always ON
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	stow system
	Crane
	Magnet
	The system does not need stowed
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Secure System
	Steering Wheel Lock
	Secure Housing Unit
	Padlock
	MFA
	Big Straps
	Magnets
	 
	 
	 
	 
	 
	 
	 


[bookmark: _Toc228791295]Table 2‑3 Functional Means Analysis
[bookmark: _Toc228791278]Pugh Matrix
A Pugh Matrix was used to support concept selection. The Pugh matrix method compares alternative concepts against criteria and a baseline. The comparison allows the team to see how each concept stacks up against one another and the requirements. The Python Line Charge system was used as the baseline.
The Rocket Rake was selected from the Pugh matrix because it offered the strongest practical balance for the brief. The presentation identified its advantages as novelty, minimal UXO production, low cost, ease of operation and operator safety. From the Product Safety viewpoint, the decision was defensible because the concept increased stand-off compared with plough or manual approaches, while remaining compatible with light vehicles.
However, the Pugh Matrix did not prove the concept safe. Its output was a structured design choice, not a safety case. It highlighted why the Rocket Rake should be developed further, but also exposed risks requiring later control: rake durability, Hilux torque requirement, truck-to-rake interface durability, rocket plume, fragments, remote mines at lane edges and anti-tank mine effects.
	 
	Relative Importance Equal
	Relative importance Weighted
	Mine displacer (Rake)
	TL FAE
	Acoustic Thumper
	Python
	Mine Kafon Ball
	Omni Tool

	WHATs - Customer Requirements
	 
	 
	 
	 
	 
	 
	 
	 

	The system shall defeat the mine threat in a minimal timescale.
	0.969043405
	5
	-1
	1
	-1
	0
	1
	1

	The system shall not be vulnerable to MANPADs.
	1.994613293
	5
	0
	0
	0
	0
	0
	0

	The system shall not produce UXO.
	2.617947522
	5
	1
	0
	1
	0
	1
	1

	The system shall defeat every mine in the desired area.
	22.13751042
	5
	1
	1
	1
	0
	-1
	1

	The system shall be insensitive to bullet, fragmentation attack.
	1.288227765
	5
	1
	1
	-1
	0
	0
	1

	The system shall mark the area cleared of mines.
	11.04332514
	5
	1
	1
	0
	0
	-1
	1

	The system shall not render the road impassable by its use
	2.869151269
	5
	-1
	0
	1
	0
	1
	1

	The system shall always detect buried mines within a horizontal distance of 30cm.
	17.55708744
	5
	1
	1
	1
	0
	0
	1

	The system shall always detect buried mines up to a depth of 15cm.
	13.92438958
	5
	1
	1
	1
	0
	0
	1

	The system shall be suitable for use with mines up to 15 Kg NEQ.
	4.061187516
	5
	0
	0
	0
	0
	-1
	0

	The system shall be suitable for use with mines fuzed with pressure, tripwire, tilt-switch and remote triggers.
	3.798426176
	5
	0
	0
	-1
	0
	-1
	0

	The system shall operate reliably for the full duration of minefield clearance tasks without unplanned loss of function.
	2.516313469
	5
	0
	0
	-1
	0
	-1
	0

	The system must not harm or kill any persons.
	8.758375332
	5
	1
	-1
	1
	0
	1
	0

	The system should conform to OME Safety Regulations
	1.054147538
	5
	0
	0
	1
	0
	1
	0

	The system shall be transportable by light vehicle.
	2.147857825
	5
	1
	1
	-1
	0
	1
	1

	The system shall be suitable for use in sandy desert environments (AECTP-230 zones A1, B2, C1)
	3.262396302
	5
	0
	0
	-1
	0
	1
	1

	 
	 
	 
	75.63652636
	60.30906625
	54.93634416
	0
	-21.8778435
	77.81694

	 
	 
	 
	30
	30
	5
	0
	10
	50

	Ranking
	100
	 
	45.63652636
	30.30906625
	49.93634416
	0
	-31.8778435
	27.81694


[bookmark: _Toc228791296]Table 2‑4 System Pugh Matrix
[bookmark: _Toc228791279]QFD 2
QFD was then used again beyond the first requirements stage to link the selected concept to design characteristics and component-level priorities. At system level, critical features included the drone mine detector, drone control system, drone mine-defeat payload, rocket tube, rocket motor, rake, cable, cable reel, marking system and vehicle interface.

[bookmark: _Toc228791290]Figure 2‑3 QFD 2
From Product Safety perspective, this stage was important because it showed that the safety of the system was not limited to explosives. The drone detector was important because missed mines could lead to an unsafe route. The drone control system was important because poor control could create a payload or targeting hazard. The cable was important because it maintained standoff but introduced stored energy and recoil hazards. The rake was important because structural failure could leave the route uncleared. The marking system was important because future convoy users relied on it to understand the cleared lane.
QFD 2 and subsequent analysis therefore helped identify where safety controls should be focused. This was important because of prioritisation. Limited design effort could be directed toward the features most likely to affect operator exposure, route confidence and residual risk.

[bookmark: _Toc228791280]P-Diagrams, What/Why
P-Diagrams and What/Why analysis were used to consider robustness. P-Diagrams are associated with the Taguchi robust design philosophy, where system response is understood in terms of inputs, outputs, control factors and noise factors; robust design seeks to reduce sensitivity to variation rather than just optimise performance [3].
For the Rocket Rake system, relevant noise factors included wind, sand, temperature, mine burial depth, soil density, vehicle pitch, cable snagging, vehicle traction, rocket motor variation and drone RF interference. Control factors included launch angle, tube or rail alignment, cable length, towing speed, rake geometry, drone calibration, safe-arm logic, marking procedure and operator checks.
From the Product Safety viewpoint, the output was an understanding of how ordinary variation could create unsafe outcomes. A rake that worked in nominal conditions could fail if soil conditions changed, if cable load increased, or if the launch angle shifted. A drone payload that functioned during bench testing could behave differently under vibration, RF interference or lateral acceleration. A P-diagram generated for the drone payload identified control factors such as shielding and no-void requirements, with external noises including drone motor vibration, controller RF and lateral acceleration.
This robustness analysis helped identify controls before testing failed. It supported the idea of getting it right the first time by asking what conditions would push the system away from the intended safe operation.
[bookmark: _Toc228791281]Hazard Analysis
HazID, HazOP, FMEA and PFMEA were used to identify hazards, failure modes and controls. The purpose of safety work is identifying and controlling hazards so personnel remain protected, with requirements to support this such that the system must not harm persons, should conform to OME regulations and should reduce risks ALARP.
Key hazards included vehicle movement, drone EFP, cable under tension, rocket plume, negligent discharge, mines, diesel and rocket fuel. Mitigations included SQEP operators, safe distances, The safe by design philosophy, cable distance, cable release, armour and remote control.
Potential system failure modes included rake failure to deploy, inaccurate launch, cable snap or recoil, vehicle immobilisation, failed mine detection, drone loss of control, marking failure, misfire, and M15 detonation damaging the rake. The key Product Safety output was not only a list of hazards, but a link from hazard to control. Cable distance controlled exposure. Remote operation reduced operator presence in the hazard area. Cable release reduced escalation from snagging or overload. Armour mitigated residual fragment risk. Marking reduced risk to future convoy users.
 
[bookmark: _Toc228791282]Manufacturing
Manufacturing analysis was also relevant to Product Safety because process variation can create unsafe OME. The project considered an energetic booster or payload process involving explosive blending, loading, pressing, ejection, inspection and packaging. Manufacturing requirements prioritised explosive safety, defect free product, repeatable performance and effective test and inspection.
Manufacturing Function Means Analysis and Pugh comparison supported process choices such as automated material handling, auto dosing, servo pressing, inline FTIR, automated metrology, robotic handling and positive-pressure powder transfer. Critical process factors included press pressure variation, press loading mass variation and press dwell time variation, with controls such as plant calibration, preventative maintenance and tooling calibration.
The PFMEA and Process Control Plan showed the importance of these considerations. For example, incorrect zinc stearate dosing could increase friction during pressing and create a potential ignition hazard; controls included inline FTIR and post-blending checks. The control plan specified composition tolerances, batch frequency, measured increments, FTIR sampling, dosing calibration, training, tooling control, preventative maintenance, startup/shutdown checks and inline QC.
From a Product Safety perspective, this extended safety from operation into manufacture. A safe design cannot rely only on operational controls if the energetic component could be made incorrectly.
	Process Step
	Failure Mode
	Effect
	SEV
	Cause
	OCC
	Prevention / Detection Methods
	DET
	RPN

	Final Press Increment
	Over Pressure / Speed
	Potential for Ignition of energetics, Pellet Over Density, Tooling Damage, Press Damage
	5
	Control System Failure, Pressure Measure Failure, Incorrect Programming
	2
	Inbuilt force gauge, Remote processing, Trained personnel, Routine Maintenance
	2
	20

	Final Press Increment
	Under Pressure / Speed
	Pellet Under Density, Rejected Product, Energetic Powder Spillage
	3
	Control System Failure, Pressure Measure Failure, Incorrect Programming, Tooling Wear
	2
	Inbuilt force gauge, Remote processing, Trained personnel, Routine Maintenance
	2
	12

	Final Press Increment
	No Function
	Pellet Under Density, Rejected Product, Energetic Powder Spillage
	1
	Control System Failure, Pressure Measure Failure, Incorrect Programming, Power Loss, Intentional Damage
	2
	Inbuilt force gauge, Remote processing, Trained personnel, Routine Maintenance
	1
	2

	Final Press Increment
	Intermittent Failure
	Pellet Under Density, Rejected Product, Energetic Powder Spillage, Potential for Ignition of Energetics
	4
	Control System Failure, Pressure Measure Failure, Incorrect Programming, Power Loss, Intentional Damage
	1
	Inbuilt force gauge, Remote processing, Trained personnel, Routine Maintenance
	2
	8

	Final Press Increment
	Unintended Function
	Pellet Under Density, Rejected Product, Energetic Powder Spillage, Potential for Ignition of Energetics
	4
	Control System Failure, Pressure Measure Failure, Incorrect Programming, Power Loss, Intentional Damage
	2
	Inbuilt force gauge, Remote processing, Trained personnel, Routine Maintenance
	2
	16


[bookmark: _Toc228791297]Table 2‑5 - Manufacturing PFMEA

[bookmark: _Toc228791283]Verification, Disposal, Through-Life Safety
Verification planning linked model outputs to evidence. Testing was needed to demonstrate functionality, safety and manufacturing quality. The project identified staged testing from simulation through component, sub-subsystem, subsystem and system testing, including safety parameters, manufacturing tolerances, functional performance and emergent behaviour.
For Product Safety, this would mean verifying launch range, rake deployment, raking depth, cable loads, drone detection, drone payload control, blast and fragment danger areas, route marking, misfire handling, transport safety, climatic effects and render-safe processes. This meant that safety had to be evidenced, not assumed.
Through-life disposal was also considered. The team identified controlled disposal of energetic components, the rocket motor and shaped-charge elements, together with waste-stream management, modularity, low-risk OME, long shelf life and access for disposal authorities. This mattered because Product Safety continues after use. A system that is safe during operation but unsafe to store, recover, demilitarise or dispose of has not met the full lifecycle requirement

[bookmark: _Toc228791284]Critical Review of Toolset
The toolset was effective because it connected each stage of the design process. QFD translated customer need into engineering priorities. Functional decomposition exposed hidden system functions. Function Means Analysis prevented immediate the team from immediately locking in to a single concept. The Pugh Matrix made selection criteria explicit. QFD2 to QFD4 linked requirements to features and controls. P-Diagrams and What/Why analysis identified noise and control factors. HazID, HazOP and FMEA identified unsafe states and candidate mitigations. PFMEA and PCP connected design safety to manufacturing repeatability.
The main limitation is that models can appear more certain than the evidence supports. Pairwise scores, Pugh results and QFD weightings depend on judgement and assumptions, and internal bias of the Design Team. Model completion is not proof that the system is safe. In this project, the toolset highlighted the issues that required further evidence: rake survivability, cable recoil, vehicle capability, mine detection confidence, marking reliability and drone payload control. This is still a successful analytical outcome because it identified where design risk remained.
From the Product Safety viewpoint, the greatest value was that the models made safety comprehensive and visible. Safety became part of the requirements, functions, features, interfaces, process controls and verification, throughout the lifecycle.

[bookmark: _Toc228791285]Alternatives
Other systems models could strengthen future work. Model-Based Systems Engineering and SysML could represent interfaces between the vehicle, rake, cable, drone, operator and marking system more rigorously [4], [5]. STPA, based on STAMP, would be particularly useful for analysing unsafe control actions, missing feedback and operator command failures in a remotely operated clearance system [6].
In the professional side of work, the same models would help guide programmes by making assumptions explicit. QFD could help teams transfer their desires as the customer into actionable requirements for contractors. Pugh matrices could support decision making for teams considering multiple COTS systems for service. FMEA and PFMEA could help prevent failures before manufacture or service. P-Diagrams improve robustness by identifying variation early.
The language of systems engineering also improves communication between role holders. Product Safety, Manufacturing, Trials, Disposal and Environmental Safety can use shared requirements, functions, hazards and controls rather than arguing from separate viewpoints. This helps direct a project because decisions can be made against agreed system evidence instead of personal preference

[bookmark: _Toc228791286]Conclusion
[bookmark: _Toc290554257][bookmark: _Toc299621222][bookmark: _Toc299631447][bookmark: _Toc299631509][bookmark: _Toc299631599][bookmark: _Toc299631675]The systems-engineering toolset supported development of the Rocket Rake concept by moving the team from need, to requirements, to functions, to concepts, to critical design features, to failure modes, manufacturing controls, verification and disposal. From the Product Safety viewpoint, its main value was embedding safety across the lifecycle. The models did not prove the system safe, but they identified what had to be controlled and evidenced before the concept could mature. This is the purpose of systems thinking in an OME context: improving right-first-time design by revealing assumptions, interfaces, hazards and controls before they become operational failures.
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Critical Requirements

The system shall defeat the mine threat in a minimal timescale.	The system shall not be vulnerable to MANPADs.	The system shall not produce UXO.	The system shall defeat every mine in the desired area.	The system shall be insensitive to bullet, fragmentation attack.	The system shall mark the area cleared of mines.	The system shall always detect buried mines within a horizontal distance of 30cm.	The system shall always detect buried mines up to a depth of 15cm.	The system shall be suitable for use with mines up to 15 Kg NEQ.	The system shall be suitable for use with mines fuzed with pressure, tripwire, tilt-switch and remote triggers.	The system shall operate reliably for the full duration of minefield clearance tasks without unplanned loss of function.	The system must not harm or kill any persons.	The system should conform to OME Safety Regulations	The system shall be transportable by light vehicle.	The system shall be suitable for use in sandy desert environments (AECTP-230 zones A1, B2, C1)	0.96904340510256293	1.9946132933654281	2.6179475216186092	22.137510423147528	1.2882277651851193	11.04332514276185	17.557087442842441	13.924389580560085	4.0611875157974389	3.7984261757000861	2.5163134691129656	8.7583753315131396	1.0541475376489868	2.1478578247095386	3.2623963019156292	


QFD 1 Part 2 - Functional Importances
Transport system to minefield	Ensure safety of transportation	deploy the system	Select deployment location	unstow system	initialise system	Detect Mines	Define search area	conduct search	Filter anomalies	Defeat Mines	begin the mine defeating protocol	defeat mine	prevent unwanted initiation of mine	manage failure-to-defeat	Confirm Clearance	Verify via detection process	Operator decision of confirmation	Mark Cleared Area	Prepare Marking system	Deploy marking system	Record mark locations	Share mark locations	Undeploy System	de-initialise system	stow system	Secure System	Transport system to minefield	Ensure safety of transportation	deploy the system	Select deployment location	unstow system	initialise system	Detect Mines	Define search area	conduct search	Filter anomalies	Defeat Mines	begin the mine defeating protocol	defeat mine	prevent unwanted initiation of mine	manage failure-to-defeat	Confirm Clearance	Verify via detection process	Operator decision of confirmation	Mark Cleared Area	Prepare Marking system	Deploy marking system	Record mark locations	Share mark locations	Undeploy System	de-initialise system	stow system	Secure System	145.72638360800872	119.68788632087956	124.28714464239455	62.080266185908698	61.418683358189242	48.56477396694693	493.9679609901666	238.87594118111858	468.65468503535556	335.51044867711664	584.66112456123153	253.68461876181016	490.21669349102399	207.46377413527222	431.06812262073231	422.12881533631401	544.77858834980634	125.66505227939606	212.95380431192109	139.51651348430954	212.95380431192109	55.795934014159208	14.305721444677479	107.69904055933949	59.712701800979886	69.499890706726774	69.499890706726774	


QFD 2 Rocket Rake
Drone Charging System	Drone Stowage System	Drone Control System	Drone Mine Detector System	Drone Mine Defeater System	Rocket Tube	Rocket Motor	Rake	Cable	Cable Reel	Marking Storage	Stack of Weighted Cones	Drone Control System	Drone Mine Detector System	Drone Mine Defeater System	Rake	Cable	Marking Storage	1980.298212974458	2103.4826730607351	1708.9182875238366	1191.022030836607	1505.0674392666297	1118.2977798324578	
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