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[bookmark: _Toc170976029]Introduction
This design portfolio will document the work done collaboratively with the other members of the Dstl team towards redesigning the Rapid Cratering Kit (RCK). Beginning with the user requirements, this report will illustrate the systems engineering approach taken by the team to critically evaluate the options available from a literature review. A new design is then proposed, with each team member taking on specific responsibilities and focusing on a separate work package for the design. A final review of the team’s organisational structure and reflection on the design task will be provided at the end. 
[bookmark: _Toc170976030]The current RCK
The current RCK consists of a combination of a shaped charge and two bag charges. The full contents of the kit can be seen in Figure 1. The main fill for both charges is a 60:40 mix of RDX/TNT. Each bag contains 15kg of the mix. The bags are used simultaneously to generate a crater of approximately 7-9m diameter [1]. 
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[bookmark: _Toc170975917]Figure 1: The current Rapid Crater Kit [1]
The kit is designed to be quickly deployed to block strategic points and can generate foxholes or anti-tank trenches depending on deployment configuration and soil conditions. Typical performance characteristics are outlined in Figure 2. The system is stored together in a wooden box without a detonator, and has a UN classification code 1.1D. 
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[bookmark: _Toc170975918]Figure 2: RCK performance [1]. 

[bookmark: _Toc170976031]Systems Engineering 
[bookmark: _Toc170976032]Design Team 
The design team for this project consisted of five design engineers: 
· Stan Collins
· Anna Williams
· Josh Ede
· Josh Evans
· Sam Parker
For the initial stages of the group project, everything considered in this report as ‘systems engineering’ was done collectively (up to section 5 in this report). This was due to the desire to gather and compare contrasting views on the requirements, relationships and relative importance of elements of the system, which is vital to fully understanding the design issues to overcome [2]. While I led the construction of the QFDs and graphical output, input from the entire team was used to build a solid foundation for the expectations of the design. This ensured design decisions about the fundamental aspects of the system were not being made in a vacuum, and the team remained up to date until it was appropriate to branch off into specialisms later in the design process. 
[bookmark: _Toc170976033]System Requirements
As established in the design brief, the key requirements from the customer are: 
“An IM complaint cratering kit [suggesting it be filled with] a new RAM mixed explosive TAW-EX 2022. The focus is on the desert/hot climate operations though worldwide all climate capability is desirable. The system should be transportable in the current range of transport aircraft, both fixed and rotary wing. Tracked and wheeled road transport are required.”
However, this list only represents one element of the actual requirements of the system, what would be described as ‘expressed’ requirements in an importance-satisfaction (I-S) model [3]. An advancement on the Kano model [4], the model can be seen in Table 1. What the model highlights is the existence of non-stated requirements, which if not met will result in either a failure in functionality or customer dissatisfaction. 
[bookmark: _Toc170975905]Table 1: I-S model for system requirements
	Customer Excitement
	

High
	Expressed
	Delight

	
	
	Those requirements that are sufficiently important to be verbalised by the customer. 
	Those requirements that cannot be articulated because the customer does not know they want them, but if provided will surprise and delight.

	
	

Low
	Basic
	Assumed

	
	
	Those requirements that are so obvious to the type of system that the customer will not mention them. 
	Those requirements that while not basic, are taken for granted.

	 
	
	Low
	High

	 
	 
	Customer Satisfaction



Given the importance of correctly identifying the requirements at the start of the design process [5], the team conducted a requirement gathering process, following the principles established in the holistic requirements model [6]. From this process, the identified requirements for the system were: 
· Make a crater of satisfactory diameter and depth
· Focus on desert climate, but worldwide capability
· Transportable in current range of aircraft, both fixed wing and rotary
· Munition needs to comply with IM standards and testing
· Explosive performance comparable to current RDX/TNT solutions
· Handheld kit that can be moved and deployed by personnel without assistance
· Fits IATG storage requirements
· Minimal post detonation environmental impact 
· Simple design to aid ease of manufacturing
· Safety features built into design to reduce injury to personnel
· Easy to use with minimal training, simple operating procedure
· Must be waterproof and tested to work in specific temperatures simulating cold, ambient and hot temperatures, and operational in areas of high wind, humidity and visibility
· Easy to operate in all lighting conditions including nighttime 
· Charge needs to generate crater in all variations of soil and conditions (e.g. dry sand, wet sand, clay soil etc)
· Munitions must be cost effective for the customer
[bookmark: _Toc170976034]Rationalised requirements
Once the list of requirements had been identified, each requirement was compared to determine the critical requirements, ensuring focus and time was correctly allocated to the right goals. This is done by conducting a pairwise comparison of requirements, assigning scores of 1 to 9, and then normalising the results to produce the rationalised requirements. The values seen in Figure 3 are the relative importance of each requirement. The requirement that was identified as the most important was the generation of a crater, understandably important in a cratering kit. Other identified requirements demanding consideration were: performance in all soil types, the safety features, and the need for safe storage. 
[image: ]
[bookmark: _Toc170975919]	Figure 3: Rationalised requirements for the new RCK	
[bookmark: _Toc170976035]Insensitive Munitions
As one of the key requirements for this design activity, it is important to understand what is meant by an insensitive munition (IM). An IM is an explosive article which when exposed to representative testing of real threats, produces responses no worse than described in Table 2 [7], as per STANAG 4439. 
[bookmark: _Toc170975906]Table 2: IM testing regime and response requirements
	Threat
	Requirement

	Fire in a store, magazine or vehicle (Fast Heating)
	No response more severe than Type V (Burning)

	Fire in an adjacent magazine, store or vehicle (Slow Heating)
	No response more severe than Type V (Burning)

	Small arms attack (Bullet Impact)
	No response more severe than Type V (Burning)

	Fragmenting munitions attack (Fragment Impact)
	No response more severe than Type V (Burning)

	Shaped charge weapon attack (Shaped Charge Jet Impact)
	No response more severe than Type III (Explosion)

	Most severe reaction of same munition in magazine, store, aircraft or vehicle (Sympathetic Reaction)
	No propagation of reaction more severe than Type III (Explosion)



Each test represents a threat presented to the munition in either storage or travel. This requirement is key to this design task as it is the main reason the previous RCK fails to comply with the new design brief. The current RCK’s main fill is a TNT/RDX mix, which when previously undergoing IM testing (in a different munition) failed every component of the IM testing [8]. The munition partially detonated when undergoing fast and slow cook-off, and fully detonated in the other tests. 
[bookmark: _Toc170976036]Functionality
Once the requirements were fully understood, the team progressed to the first stages of research. Understanding how the previous system worked, and how cratering is done by other means, was essential to properly develop options for the design later on. Through research, a basic understanding of the required stages was produced, which can be seen in the system function map in Figure 4. 
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[bookmark: _Toc170975920]Figure 4: System Function Map for a cratering device
Through developing this map, emergent behaviours were identified. Considerations were also taken for alternative or exception flow, which helped identify required functionality for the system. This was incorporated into the design later on, such as the need for an alternate source of detonation for end-of-life disposal or in the event of a misfire. 
[bookmark: _Toc170976037] QFD 1
Taking the identified requirements and the basic functionality identified in Figure 4, a simple Quality Function Deployment (QFD) 1 can be produced. QFD 1 or the ‘House of Quality’ turns lists of customer requirements and engineering characteristics into a series of connections, highlighting where each ‘HOW’ meets a ‘WHAT’, outputting the most important elements of the functionality of the system [9]. 
Taking this system through that process, the resulting table can be seen in Table 3. Key functionality identified through the procedure were: crater generation, borehole generation and safety features. As such, these were given the most consideration in the design when moving forward. 
[bookmark: _Toc170975907]Table 3: QFD 1
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[bookmark: _Toc170976038]FMA & QFD 2
With the key functionality identified, QFD 2 could be conducted. Sometimes called the ‘Parts Deployment’, this table compares the ‘HOW’ from QFD 1 to the specific parts required to accomplish those tasks. To develop a generalised parts list, a small literature review was conducted by the team, each choosing a different methodology of cratering, and assessing the viability of using that method for this requirement set. The means of achieving each function were identified and fed into a functional means analysis, as seen in Table 4.
[bookmark: _Toc170976039]Mining Sector literature review 
Boreholes are not typically generated explosively [10], rather they use large machinery such as the drill in Figure 5, as this reduces the risk by minimising exposure to explosives. These large-scale machines would be impractical for in-theatre deployments, requiring lengthy training or qualifications to use, exorbitant costs and frequent maintenance. They are also relatively slow, not suited for the typical fast deployment of an RCK. 
[image: A machine with a yellow and black machine

Description automatically generated]
[bookmark: _Toc170975921]Figure 5: A typical borehole drilling rig [11]
The sector has investigated the use of liquid explosives, which prove to be far too sensitive to impact to reach IM compliance [12]. These would require bespoke storage and transportation solutions, complicating the manufacturing process. The main explosive used for blasting is ANFO, which would need larger quantities to produce similar effects to TNT/RDX [13], and so would likely not be man portable. ANFO is also typically chosen for its brisance, as the focus tends to be on rock cracking, rather than crater clearance. 
[bookmark: _Toc170976040]Design Choices
[bookmark: _Toc170975908]Table 4: Functional means analysis
	Function
	Means

	Crater generation
	RDX/TNT 60/40
	C4
	TAW-EX-2022
	IMX104
	FOX7
	ANFO
	Liquid explosive
	PBX

	Bore hole generation
	Mandraulic tooling
	Shaped charge
	Vehicular
	 
	 
	 
	 
	 

	Vehicular packaging
	Box
	Pelicase
	Ammo tin/crate
	Pallets
	Wooden crate
	Bag
	 
	 

	Mandraulic packaging
	Box
	Pelicase
	Ammo tin/crate
	Bag
	 
	 
	 
	 

	Initiation system
	High voltage
	Low voltage
	Spark/flame
	Impact
	 
	 
	 
	 

	Booster (when required)
	Rowanex
	RDX
	PETN
	PBX
	 
	 
	 
	 

	Safety components
	Mechanical fuse
	Electronic fuse
	IM compliance
	Det choice
	 
	 
	 
	 

	Stand/positioning system 
	Tripod
	Box
	Suspension in air
	Spacer attachment
	Legs
	 
	 
	 



The green highlighted cells in Table 4 are the preferred choices for the design. Using this information, basic parts were pulled into QFD 2, as seen in Table 5. The key features of the design, as identified through this process were the main fill, the firing system and the detonator. 
[bookmark: _Toc170975909]Table 5: QFD 2
	Design feature 
	Importance 
	SC Case
	SC Fill
	SC Liner
	SC Det
	SC Stand
	Shovel
	Main Fill
	Booster
	Main Det
	Bag
	Tooling
	Box
	Pallet
	Firing System

	Functionality
	 
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Crater generation
	69.4
	
	
	
	
	
	
	9
	3
	3
	1
	1
	
	
	3

	Bore hole generation
	59.3
	3
	9
	9
	3
	9
	9
	
	
	
	
	1
	
	
	3

	Vehicular packaging
	20.1
	
	
	
	
	
	
	1
	
	
	1
	
	9
	9
	

	Mandraulic packaging
	20.6
	9
	
	
	
	
	
	1
	
	
	9
	
	3
	
	

	Initiation system
	48.8
	
	1
	
	9
	
	
	1
	3
	9
	
	
	
	
	9

	Booster (when required)
	41.9
	
	
	
	
	
	
	3
	9
	3
	
	
	
	
	

	Safety components
	54.8
	9
	9
	
	9
	
	
	9
	9
	9
	9
	3
	9
	9
	9

	Positioning system 
	15.8
	
	
	
	
	9
	
	
	
	
	
	
	
	
	

	
	
	858
	1077
	534
	1112
	677
	534
	1334
	1226
	1268
	770
	293
	738
	676
	1320



[bookmark: _Toc170976041]The Redesign
[bookmark: _Toc170976042]Borehole generation
Based on the previously conducted research and systems engineering, the team created the design as seen in Figure 6. The design uses a shaped charge to generate the borehole, as the previous design. A shaped charge was chosen as it is more appropriate for soldier to carry than large scale machinery. 
The shaped charge is filled with TAW-EX and a PBX booster to help reach IM compliance.  A high voltage exploding bridge wire detonator is used to ensure safety, which will be initiated using a shrike, ensuring continuity between this and other user detonated devices to minimise required training. 
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[bookmark: _Toc170975922]Figure 6: Shaped charge design drawing
To achieve correct stand-off for optimum performance, a tripod will be used to position the charge. Using malleable tripod legs will allow for positioning on uneven ground, but a spacer attachment will also be included to provide an alternate method of achieving correct stand-off. The charge will be stored alongside the main charge but without the detonator, so that the only explosives in the box are IM compliant, and for ease of transport and storage. This packaging will hopefully achieve hazard division 1.4 / 1.6, which should massively reduce the logistical requirements for storage and transportation. 
[bookmark: _Toc170976043]Crater generation
For the crater generation, the team design consists of a bag charge, again filled with TAW-EX, seen in Figure 7. As the bag would not be suitable for melt-casting directly into, the TAW-EX is first manufactured into pellets, which would then be poured into the bags. The bags would then be initiated using a L2A2 detonator, which would be inserted into the bag to ensure contact with the TAW-EX.  
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[bookmark: _Toc170975923]Figure 7: Bag charge design drawing
The bag is inserted into the borehole generated by the shaped charge, then detonated to make the crater. The bag charge should produce the equivalent performance of approximately 30kg of the TNT/RDX main fill from the old RCK. The bag should be made from a plastic with a lower melting point than the temperature of ignition of TAW-EX, as this would mean in the event of a burn initiating in the main fill, the bag would melt away before a detonation occurred, removing the potential for confinement making the event worse. 
[bookmark: _Toc170976044]TAW-EX
As suggested in the brief, this design uses TAW-EX 2022 as the main fill for the bag and shaped charge. The TAW-EX hazard data sheet can be seen in Figure 8. What is important to note is that there is a lot of information missing which would be needed for a full evaluation of the compound. Each team member will highlight the missing data relevant to their own areas of research in their respective reports. 
TAW-EX was chosen over other IM’s due to concerns over the efficiency of detonation and the explosive residue left behind. IMX-104 & PAX 21 both leave behind significantly more of the original material than conventional explosives, which would then require treatment or observation to avoid environmental damage [14] [15]. 
[image: A screenshot of a test

Description automatically generated]
[bookmark: _Toc170975924]Figure 8: TAW-EX 2022 preliminary hazard data sheet
[bookmark: _Toc170976045]Team Structure 
Once the core of the design was established, the team split all remaining work on the design into five streams and assigned a stream to each team member. The work packages each contain elements of the Manufacturing to Disposal Sequence (MTDS), and so decision and considerations made in each stream would impact upon the work of all other streams. The exact relationship between the work addressed in this report and the work done by others will be discussed later in the report. 

[bookmark: _Toc170975925]Figure 9: Work allocation for each team member
This report will address the work done for the IM testing portion of the design, highlighting the key linkages and dependencies that arose through the design process. 
[bookmark: _Toc170976046]IM Testing Stream
[bookmark: _Toc170976047]UN Classification
A UN classification code is required by law before an explosive article can be transported or stored in the UK [16]. Table 6 comprises the required tests for a novel explosive article to gain full classification. As the design is proposing a new, unclassified main fill for the shaped and bag charges, test series 3 and 4 should be conducted. These test series respectively outline if the article is thermally stable, and if the article can be classified as a class 1 hazard good. Details of test series 3 can be found in Sam Parker’s report, as it comprises mainly of laboratory scale testing. 
[bookmark: _Toc170975910]Table 6: List of all required tests for UN classification
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The main goal of these tests, in particular test series 6, is to determine how the article responds to stressful stimuli. This can most easily be seen in test 6c, the external bonfire test. The explosive article is placed on a bonfire, exposed to temperatures of at least 800°C and observed for signs of a mass explosion event, projectile threats or fire [17]. 
Test series 4 and 6 are conducted in the explosive’s packaging, as the results of these tests determine the conditions of storage and transport. As stated in the UN Manual for testing [17], “Explosives are unique in that the type of packing and environment frequently have a decisive effect on the hazard and therefore on the assignment to a particular division.”
As such, to achieve a particular hazard division may involve an iterative approach to packaging and munition design, potentially repeating several tests in test series 6 until a desired result is achieved. Additional packaging testing regimes are discussed in Josh Evans’ report, with respect to testing for travel across the UK transportation fleet. 
As the aim of this design task is to produce an IM compliant design, the article should at least achieve a classification of 1.4S, but ideally should strive to reach hazard division 1.6 which is reserved for extremely insensitive articles. Test series 7 determines if an article can be classified as HD 1.6, and if any of the tests produce a negative result the article cannot be classified as 1.6. These tests are similar to the requirements in Table 2 but include testing at the substance level as well as the article. The tests have been chosen to “encompass all credible hazard mechanisms that may be induced in munitions” [18] 
[bookmark: _Toc170976048]IM Compliance
[bookmark: _Toc170976049]Main fill chemistry
Reaching to achieve IM compliance can provide numerous benefits. DOSR outlines some of the operational benefits as [18]:
· “Flexibility to concentrate assets and thus employ a smaller logistic ‘footprint.’
· The retention of capability in face of hostile attack and accidents. 
· Reduced loss of people and assets following hostile attack and accidents. 
· Reduced site and stockpile defence demands.
· More efficient use of logistics equipment and manpower.
· Contribution to the maintenance of morale.
· A more favourable public perception of OME safety”
The first component to address in the design is the main fill. The key factors come from the chemistry of the explosive, particularly the stability. Desirable explosives are those with inherently low vulnerability to shock and thermal stimuli [19]. 
An explosive’s shock stability in part comes down to the hotspot formation. These are the defects in the explosive structure where friction or other forces can initiate a reaction [20]. Hotspot formation can be controlled in the manufacturing process, in particular using recrystallisation techniques to produce spherical crystals [21], as seen in Figure 10, or reduce imperfections or vacancies in the structure. Controls can also be put into place to produce a more uniform structure during manufacturing, and the inclusion of additives like wax can help reduce friction experienced by the crystals [22]. 
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[bookmark: _Toc170975926]Figure 10: (left) Raw RDX crystals and (right) spherical RDX crystals [23].
In terms of thermal stability, the ideal explosive would have a high ignition temperature and low thermal conductivity. What then determines the response is a balance between burn rate, gas generation and venting [19]. The damage propagation (how quickly the explosive is being affected by the burn) will determine the rate of change of the internal surface area. This is a defining factor of burn rate, so having an explosive which burns slowly would better safety performance. The ignition temperature of TAW-EX 2022 is a relatively low 220°, so if caught in a fire the expectation is that the munition would likely begin to burn. 
The balance of the pressure generated by the gas evolution and the venting of said gas is what stops a burn from progressing into a detonation [20]. Reducing the volume evolved or the rate of gas production might be beneficial from a safety perspective, but will negatively impact the performance of the munition, as these values relate closely to explosive behaviour. 
[bookmark: _Toc170976050]Packing and munition design
Although primarily focused on the explosive sensitivity of the main fill, IM compliance can be reached through a variety of methods, particularly the packaging [7]. As expressed earlier in this report, the housing of the explosive can help contain or reduce the effect of an explosive event, increasing safety for those in the vicinity.
This can be split into two sections, the design of the munition itself, and the packaging for transport and storage. Table 7 summarises the key mitigation technologies in munition design [19]. These roughly fall into two groups: barriers and venting. Barriers aim to prevent or reduce the effect of the stimuli on the munition. Venting aims at releasing the build up of pressure when a reaction does occur. This can be done either through casing design, as in a casing designed to melt/fracture, or through active means like an external case cutter or pre-emptive ignitor [24]. 
For this design, the shaped charge casing will have a removable top section to insert the detonator. This will act as a venting pathway to prevent the build up of pressure in the event of an explosive event. The bag charge can be constructed from a plastic with a low melting temperature, ensuring that it melts away before it can confine the explosives, effectively acting as preferential insulation. 
[bookmark: _Toc170975911]Table 7: Mitigation techniques for IM munition design [19].
	Technology Type
	Mitigation Technology
	Mechanism
	Applications/Locations

	Barrier
	Intumescent paint
	Increases the reaction time to thermal stimuli
	External casing surface

	
	Bore mitigant foam
	Reduces impact loads from propellant debris
	Rocket motor conduit

	Venting
	Fusible devices (plastics, metals)
	Melts at temperatures well below the ignition temperature providing a vent path
	Within end closures/caps

	
	Forward/aft venting plates
	Allows pressure release through a large vent
	

	
	Mechanical release
	Releases a confining end closure at a pre-determined pressure or temperature
	

	
	Stress riser groove
	Allows the case to break open when pressure builds up
	External casing surface

	
	Preferential insulation
	Allows the case to fail along a non-insulated or less insulated area
	

	
	Case cutters
	Cut through the munition casing at a pre-determined pressure or temperature
	

	
	Bonded structures
	Lose mechanical strength at a temperature well below the EM ignition temperature during thermal exposure. Under impact loads, perforation of the case creates a large entry and exit hole for subsequent venting. Reduces number of possible hazardous fragments
	Casing

	
	Combustible cartridge case
	Allows the case to fail through thermal decomposition of the casing
	

	
	Pre-emptive ignition devices
	Ignites the EM prior to its auto-ignition temperature
	Internal

	
	Vented Booster
	Prevents pressure build up following the booster ignition
	Junction booster/casing

	Dual purpose
	Internal liner
	Attenuates shock and bullet impact and provides a vent path when thermally decomposed.
	Between energetic material and casing



For the packaging, the same principles of barriers and venting apply. Shock absorbing foam is commonplace in modern munition packing, and 1.4S packaging for small arms is designed to completely contain any reaction of the ammunition inside. The spatial distribution of the items in the packaging can also help reduce the likelihood of sympathetic reactions [24]. Simple measures such as ensuring the shaped charge isn’t pointing at the bag charges, or ensuring packaging does not leave two shaped charges nose to nose can also improve safety.
For this design, the shaped charge and bag charges will be stored together for logistical simplicity, but without any detonators in the munition. This ensures that the explosive train remains broken. The packaging can be coated with intumescent paint to reduce thermal loading onto the munitions, and will contain shock resistant foam as standard. The foam will be useful in passing the vibration tests outlined in Josh Evans’ report when discussing transportation requirements. 
[bookmark: _Toc170976051]S3 process
The safety and suitability for service (S3) process represents the culmination of the legal side of the design, incorporating work done in all streams as a final report to get the item into service in the UK military [25]. The final submission for the S3 requires considerations for mechanical shock, vibration and climatic testing, safety arming and functioning, electrical & electromagnetic influence, environmental safety analysis and notes on quality control [26]. As such, it would need contribution from all team members, as highlighted in Figure 11. 
[image: ]
[bookmark: _Toc170975927]Figure 11: The dependencies and relationships for each component of the IM testing work stream.
[bookmark: _Toc170976052]Response to Presentation questions
This section will respond to feedback and questions submitted after the group project presentation. 
[bookmark: _Toc170976053]Mitigation
“If you were able to use mitigation how much of the classification sequence could be reviewed by similarity?”
Given the TAW-EX 2022 main fill for both charges is a novel, untested explosive compound the full suite of qualification tests will be required to be fully classified [17]. Typically, mitigation is only accepted when iterating on previously qualified designs with researched explosive compounds. 
While the design proposed in this report is not novel, the presence of a new main fill that has never been tested in this packaging or alongside these materials negates any mitigation. The UN manual for testing and criteria proposes that all novel explosives undergo the testing regimes as described in section 6.1 without exception.
[bookmark: _Toc170976054]Suicide Pills
“Why were suicide pills not considered in the IM compliance section?”
AOP-39 outlines numerous design methodologies to achieve IM compliance, and one of those suggested is the concept of an internal explosive charge meant to disable or disrupt the operation of the main charge, otherwise known as a suicide pill [19]. Examples of these types of charges are devices meant to burst the casing of a missile to prevent confinement, or pre-emptive ignition devices meant to ignite the charge before reaching detonation temperatures. 
Given the size and simplicity of the current design, the inclusion of a separate mechanical or explosive system would likely overcomplicate the system, without providing additional safety features. The end effects of these types of systems (removing confinement, ignition before detonation) can be achieved without the addition of extra systems. Instead, the design has incorporated features into the casing of each charge (plastics with low melting temperature that would melt away before temperatures reached ignition levels) to provide the same level of safety as a suicide pill device would provide. 
Introducing a suicide pill system would also introduce another point of failure, and would itself need to comply with IM testing to ensure it didn’t initiate prematurely. 
[bookmark: _Toc170976055]Reflection of team working process
Working with this team on the design task proved to be a smooth and efficient process. Each team member worked diligently on their work, contributing when needed and not lashing out when under the stress of deadlines. 
As the team all work for the same company and have previously worked together before, the working dynamic was casual, without a defined leader. Work was done collaboratively, ensuring that viewpoints from across the industry could be included in the initial design stages. This was particularly useful during the generation of the requirements list, which involved the perspectives of the user, manufacturer, buyer, logistics and legal teams. 
Once the initial design was established, the team chose their assigned roles based on their own previous experiences and what they thought best suited to their skillsets. This encouraged a deeper level of engagement with their topics than a layperson would accomplish in the same time period. This understanding was useful in design conversations early in the project, such as discussions between Sam and Anna on manufacturing melt-cast explosives, or safety discussions between myself and Josh Ede on disposal pathways. The need for shaped charge initiation for end of life disposal ensured that the design was not made to be stored below the explosive’s critical diameter, which would have increased the safety, but complicated the disposal. 
After the design review at the midpoint of the project, each team member began discussions with the other team members whose work was linked with theirs. As Figure 11 demonstrates, these linkages were often across all work streams, and so it was important to maintain regular communication as a team. This was reflected in the presentation, where each team member was aware of the others’ work, ensuring no overlap or double working where two team members discussed the same design points. 
As a learning point for future work, it became clear on the final week before the presentation that the team had a slight misunderstanding on the requirements for the presentation. This was perhaps due to some ambiguity on the part of the design brief, but this should have been questioned earlier in the project to give the team more time to prepare, and as such remains a failing on the part of the team. As it was, the team acted quickly and efficiently to adapt our work to reflect the needs of the presentation, producing a deliverable we were proud of. 
[bookmark: _Toc170976056]Conclusion
This report comprised Stan Collins’ contribution to the Dstl group’s redesign. The group collectively reached the design through systems engineering techniques. The design aims to use novel explosive TAW-EX 2022 to replace the existing main fill to reach IM compliance. Various methodologies to reach IM compliance are explored, and a final reflection on the team working process is provided.
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Taw-Ex 2022 Preliminary Hazard Data Sheet

Taw-Ex 2022 is a novel castable explosive formed using an novel energetic molecule and an HTPE
binder system. The system is cured using a tin based catalyst and an isocyanate based curing agent.

The formulation once mixed is a grey fairly mobile fluid displaying some non-newtonial properties.
On addition of the curing agent and catalyst a workable pot life is limited to around 2 hours.

On curing the formulation forms a solid material of around 100 Shore A hardness.

The material has been manufactured in batches of 25Kg size, scaling up successfully from 1kg.

The material is sensitive to moisture and molecular sieves are recommended for processing to avoid
the formation of cavities.

Density 1.8 g/em”

VoD 8800 ms™"

Small Scale Test Data

Figure of Insensitiveness (Rotor) 60 (RDX 80)
Figure of Friction 2.2 (RDX=3)
Yorkstone Hardwood Softwood
Friction sensitiveness (Wooden Mallet) 100 100 50
ESD Ignitions at 0.45J but not at 0.045)
Temperature of ignition 220°C
Train test Ignites and supports train steadily
Bickford fuze test Ignites and burns
EMTAP tube tests

Internal Ignition Type 2 2 to 9 test vehicle body fragments
Fast Heating Type 2 2 to 9 test vehicle body fragments
Slow heating Type 2 2 to 9 test vehicle body fragments

Detachment of septum. Up to 20%
Small Scale Fragment Impact Type 2 X

explosive consumed

Large scale IM testing

Not yet performed.
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Test series |TestType |Testcode |Testname
3[a 3aii BAM Fallhammer
3[b 3bi BAM Friction apparatus
3[c 3ci Thermal stability test at 75C
3[d 3d Small-scale burning test
ala 4a Thermal stability test for unpackaged articles and packaged articles
4[b 4bi Steel tube drop test for liquids
a[b 4bii Twelve metre drop test for unpacked articles, packaged articles and packaged substances
6a 6a Single package test
6[b 6b Stack test
6|c 6¢ External fire (bonfire) test
6|d 6d Unconfined package test
7]a 7a EIS cap test
7[b 7b EIS gap test
7][c 7cii Friability test
7[d 7di EIS bullet impact test
7]e 7e EIS external fire test
7]t 7t EIS slow cook-off test
7]g 78 1.6 article external fire test
7[h 7h 1.6 article slow cook-off test
7]i 7 1.6 article bullet impact test
7]k 7k 1.6 article stack test
7]t 7L 1.6 article (or component) fragment impact tests
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