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1. [bookmark: _Toc229400405]Introduction to the brief
The situation was outlined as:
United Nations column of medical supplies traversing desert terrain that comes across a mined area within a steep walled pass along its route, this makes go-around difficult if not impossible. A persistent ground to air Man-Portable Air-Defence System (MANPAD) threat makes helicopter use too risky. As the route needs to be opened for civilian medical transport convoys the road route is much preferred. The operation is time sensitive, the emphasis being on a rapid move in, clear the objects and move on. The indigenous population does not have easy access to helicopter transport. The mission is to get the convoy carrying their delicate cargo through the mined area and leave the area clear for subsequent transport.
The use of Python minefield breaching system, the current in-service system of the British Army [1], is banned because there is a perceived vulnerability against bullet/fragment attack and also that misfires or capture would afford the opportunity of furnishing any hostiles with explosive resources. There is also an issue with transporting heavy vehicles to the location.
The explosive articles likely to be encountered were outlined as OZM-72 anti-personnel mines and M15 HE anti-vehicle mines [2].
The mission objective was thus to design a portable mine detection, clearing and marking system, either mounted in or transported by a light vehicle such as a Land Rover or Toyota Hilux to ensure safe passage for this and future convoys.
To achieve this, a Quality Function Deployment (QFD) tool will be employed. The QFD is a structured method used to translate stakeholder requirements into specific design requirements during system development [7].



2. [bookmark: _Toc229400406]Design Requirements
From the brief, the following design requirements were identified.
1. The system shall defeat the mine threat in a minimal timescale.
2. The system shall not be vulnerable to MANPADs
3. The system shall not produce unexploded ordnance (UXO)
4. The system shall defeat every mine in the desired area
5. The system shall be insensitive to bullet, fragmentation attack
6. The system shall mark the area cleared of mines
7. The system shall not render the road impassable by its use
8. The system shall always detect buried mines within a horizontal distance of 30cm
9. The system shall always detect buried mines up to a depth of 15cm
10. The system shall be suitable for use with mines up to 15 Kg NEQ
11. The system shall be suitable for use with mines fuzed with pressure, tripwire, tilt-switch and remote triggers
12. The system shall operate reliably for the full duration of minefield clearance tasks without unplanned loss of function
13. The system must not harm or kill any persons
14. The system should conform to Ordnance, Munitions and Explosives (OME) Safety Regulations
15. The system shall be transportable by light vehicle.
16. The system shall be suitable for use in sandy desert environments (AECTP-230 zones A1, B2, C1)
Several requirements were considered but ultimately rejected during development and did not make it into the final design book.
· The system should comply with Hazard of Electromagnetic Radiation to Ordnance (HERO) where applicable
· The system must comply with The Explosives Regulations 2014 where it is applicable
· The system must comply with DEF STAN 07-085 where it is applicable
These were considered subsets of Requirement 14 and so for conciseness were combined.
A pairwise comparison was performed, where each requirement was weighted against one-and-other using a preference rubric to determine our most important requirements.
[image: ]
Figure 1- Critical Requirements graph
3. [bookmark: _Toc229400407]Functionality
The required functionality of the system was identified as
· Transport system to minefield
· Deploy the system
· Detect Mines
· Defeat Mines
· Confirm Clearance
· Mark Cleared Area
· Undeploy System
These functionalities were fed into the first Quality Function Deployment (QFD) where they were rated against the requirements with an ‘Importance’ metric (either 1, 3, or 9) to qualify how relevant each of the identified functionalities were to the requirements.
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Figure 2- Function Importance graph
A function decomposition was then performed, where the required functionalities were broken down into sub-functions.
· 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 intonation 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
· Shark mark locations
· Undeploy System
· De-initialise system
· Stow system
· Secure system
A second pass through QFD1 was then performed using these identified sub-functions producing another, more detailed, functional importance graph.
[image: ]
Figure 3-Functional Decomposition Importances graph
Next, a Functional Means Analysis was performed, where various solutions to achieving the functionalities wanted were brainstormed. At this stage the feasibility of each means was not relevant, anything and everything that could achieve the functionality was considered.
[image: ]
Figure 4- Functional Means Analysis

4. [bookmark: _Toc229400408]Concept Derivation and selection
Using the many functional means considered, the team generated six potential concepts for the mine defeating system.
1. Mounted a rocket propelled rake onto the back of a Toyota Hilux. An anchoring harpoon is launched by propellant charge away from the rear of the vehicle, explosively actuated anchor fins in the harpoon tip guarantee strong anchoring in the ground. The anchor has a chain pully system attached that is used to drag a durable rake across the ground from the Hilux to the anchor point. The physical impact of the rake prongs impacting the mines will case detonation clearing a path for the convoy.
2. Use a thermobaric weapon system launched from a light vehicle using a plough system for clearance confirmation and a vehicle mounted marking system.  The required charge size to achieve the blast overpressure for initiation made this concept infeasible.
3. High-pressure water cannon. Water based disposal methods are already employed against Improvised Explosive Devices (IEDs) [3][4]. Unlikely to initiate mines buried underground and using a water-based countermeasure in the middle of a desert could include operational issues.
4. Acoustic thumpers that produce shockwaves through the ground to trigger detonation of the mines. This concept has the safety benefit of containing no explosives but is not time efficient due to lack of range and constant set up, as well as requiring many moving mechanical parts that could be damaged by sand ingress.
5. Anti-materiel mounted to a light vehicle. Very low-cost solution and available entirely commercially available-off-the-shelf (COTS). Potential issues around feasibility with ground penetration of the projectile.
6. Mine plough. Current in-service mine defeating systems use a tandem explosive charge and mine plough system [5][6] where the explosive charge can defeat up to 90% of targets the plough attached to the front of the vehicle safely clears away the remaining mines with the added benefit of levelling the road for the following convoy. If any remaining mines can safely be dealt with using the plough, then an argument can be made that solely relying on the plough to clear the mines could work. The main advantage of this concept is the complete removal of any explosive articles in the design which makes it inherently safer. This concept was ultimately rejected as all instances of mine ploughs are fitted to armoured vehicles to protect themselves from the detonation and thus would be unsuitable for the given scenario.
Ultimately, Concept 1 was chosen.
[image: ]
Figure 5- Render of the concept
[image: ]
Figure 6- Render of the concept
When considering the feasibility of the design as a group, the decision was made to simplify the design to both reduce cost and reliability. Instead of having the rake attached to a pulley system and then dragged from the vehicle towards the anchor, the decision was made to attach to rake to the harpoon and simply comb behind the vehicle by driving. A drone system will be employed for accurate detection and initiating any mines not detonated by rake impact. Weighted cones will be used to denote the cleared area.
[image: ]
Figure 7- Render of simplified concept
The features required to achieve the concept were considered against the functional means analysis and were outlined as
· 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
The functions and sub-functions of the design were then fed back into the QFD to produce QFD2, helping to identify critical components.
[image: ]
Figure 8- QFD 2

5. [bookmark: _Toc229400409]Critical Components
Completion of the QFD2 identified the critical components of the system.

Figure 9 - Critical system components
QFD 2 identified the components with the greatest influence on attaining the system’s key operational requirements. These critical components represent the areas requiring the highest design priority, testing, and reliability assurance.
Unsurprisingly, the drone system used to identify, detect, and defeat mines has been highlighted as the most influential aspect of the system, as it does most of the heavy lifting in achieving operational success for the design.
Failure or poor performance of these components will significantly affect the capability of the system.


6. [bookmark: _Toc229400410]Manufacturing Route
As with the main design, the system went through the QFD process for Manufacturing.
The manufacturing requirements were identified as:
· Manufacturing Costs
· Labour
· Equipment capital cost
· Service/Operating Cost
· Set-up Cost
· Material Cost – Metallics
· Material Cost – Energetics
· Material Cost – Other
· Maintenance Cost
· Manufacturing Capacity
· Target production rate XX per month
· Reliability Manufacture
· Repeatable Performance
· Effective Maintenance
· Low System Outage
· Quality
· Defect Free
· Effective test and inspection
· Safety
· Explosive
· Non-Explosive

Figure 10 - Manufacturing Critical requirements
A Functional Means Analysis was again performed to find possible solutions to each function. This gave the process an outline for how each step would be performed.
[image: ]
Figure 11- Manufacturing Functional Means Analysis
With this manufacturing concept in place, a QFD2 was performed to work out which parts are responsible for delivering the manufacturing requirements.

Figure 12-Manufacturing QFD2 critical features
The third pass in QFD translates the results of the QFD2 into the manufacturing process to identify critical manufacturing or operational processes.

Figure 13-Manufacturing QFD3


7. [bookmark: _Toc229400411]Conclusion
The aim of the designed system is to detect and defeat mines, marking the cleared area, whilst being transportable by a light vehicle. The drone system is used to detect mines from above, the truck and harpoon mounted rake are used to drag mines to the side of the road for safe disposal by the drone system, if the impact of and movement by the rake does not initiate sooner.
The QFD process highlighted the systems ability to detect and defeat mines as critical features of the system at every step of the process. This is to be anticipated for a mine defeating system.
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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	


Process Importances Chart

Blend Explosive	QC Sampling	Weigh Increments	Load Press	Press Consolidation Increment	Press final Increment	Eject Pressed Pellet	Measure Pellets	Check Pellet Finish	Package Pellets	Check Pellet Density	Convey Powder	Convey Pellets	110	95	90	125	85	115	55	85	75	45	80	100	100	0	0	0	


Process Means Importance

Resonant Acoustic Mixer	Inline FTIR	Digital Scales	Servo Press	AVS	Robotic Arm	Automated Metrology	Automated Mathematical Density	Positive Pressure PTS	Autodose (Mass)	1385	1155	2210	1800	975	2425	2160	1200	900	1395	


Technique Importances Chart

Resonant Acoustic Mixer	Inline FTIR	Digital Scales	Servo Press	AVS	Robotic Arm	Automated Metrology	Automated Mathematical Density	Positive Pressure PTS	Autodose (Mass)	3360	3290	1020	4560	630	0	3890	1800	900	3670	
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QFD 1 Part 2 - Functional Importances
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