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[bookmark: _Toc171202444]Executive Summary
Our design team were tasked with developing a new Rapid Cratering Kit (RCK) for military use. This project aimed to improve the RCK’s safety and performance through a collaborative, hands-on approach. Our goals were to design a safer, more efficient RCK, evaluate various design options, and cover the complete Manufacturing to Disposal Sequence for the new solution. We used the Quality Function Deployment (QFD) method to align design solutions with customer requirements. This included capturing and prioritising requirements, detailed research on design options, and regular progress reviews with the customer.
While Taw-Ex 2022 was initially chosen based on customer input, pre-qualified explosives could have been more cost-effective. A major oversight was planning for melt casting instead of the correct cure casting method for Taw-Ex 2022, highlighting the need for accurate information and stronger customer communication. Safety measures such as using an out of line fuzing system were also incorporated.
This project highlighted the importance of thorough planning, clear communication, and flexibility. Implementing these lessons will enhance future project efficiency and success, ensuring higher safety standards and better alignment with customer expectations. The experience gained will significantly improve our capability to manage and execute similar projects effectively.
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1. [bookmark: _Toc171202447]Introduction
The Group Project Module at the University of Wales, Trinity Saint David offers a unique opportunity to engage in a collaborative, hands-on problem-solving activity, directly applying scientific principles to real-world defence scenarios. This module’s primary learning outcomes include the ability to apply a systematic understanding of the scientific principles of Ordnance, Munitions, and Explosives (OME) design, as well as to critically analyse and select appropriate OME to achieve a specific effect.
As part of this module, the design team was tasked with addressing a design brief, provided by the “Customer”. The initial design brief, outlined in the first block of lectures, required the team to design a new Rapid Cratering Kit (RCK) for a military customer. The project necessitated the selection and evaluation of various explosive types to determine the most suitable option for the RCK. Design choices included the existing RDX/TNT fill with an alternative casing, a novel insensitive explosive called “Taw-Ex 2022”, or another existing insensitive explosive of our choice.
The project was structured to simulate a professional design environment, requiring the team to work largely unsupervised while having access to lecturer assistance during timetabled project times. A design review midway through the task provided an opportunity for feedback and ensured the project remained on track. The final block of the project involved preparing and delivering a presentation on the chosen solution, with feedback from this presentation used to refine the final design portfolio.
To facilitate effective teamwork and ensure individual contributions were recognised, roles were assigned within the team. The author focused on Safety, ensuring that all aspects of the design met stringent safety standards. Other roles within the team included Research and Development (R&D) / Design, Test and Evaluation (T&E), Manufacturing and Breakdown and Disposal (including waste disposal). These roles were crucial for demonstrating the comprehensive, multidisciplinary approach necessary for successful OME design.
This report details the processes and considerations involved in the design and evaluation of the new RCK, emphasising the selection of the most appropriate explosive fill and the safety measures incorporated into the design. Through this project, theoretical knowledge has been applied in a practical context, critical analysis skills have been developed, and the ability to work effectively as part of a team has been enhanced. 
2. [bookmark: _Toc171202448]Project Brief
In the first block of lectures, the Customer provided a briefing pack [1] outlining the outgoing cratering system and detailing the customer requirements for its replacement. Key milestones for the project were presented to the design team as follows:
· 29th January: Brief
· 11th March: Project check-in
· 4th June: Design Review presentations
· 28th June: Hand in portfolio
The Demolition Rapid Crater Kit Mk2 (Figure 1) is a two-stage explosive article, consisting of one 11 kg RDX/TNT (60/40) shaped charge and two 15 kg hexatonal cratering charges. The RCK is used to quickly create craters in terrain or man-made infrastructure (e.g. roads, runways, etc.). These craters serve as obstacles to impede or control movement of enemy vehicles and personnel, providing a strategic advantage to the operators. Additionally, RCKs can expedite trench digging; by strategically placing and detonating these charges, defensive trenches can be quickly created.
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[bookmark: _Ref169901663][bookmark: _Toc171202411]Figure 1 - Demolition Rapid Crater Kit Mk2
To use the RCK, the operator first identifies the location for the crater. Once a site has been established, the operator prepares the surface for the shaped charge. This requires levelling the surface as much as possible to ensure that the tripod for the shaped charge can rest safely on the ground. A fuze is then placed into the top of the shaped charge and detonated once personnel are at a safe distance. The shaped charge creates a narrow bore hole that is typically 2-3m deep, depending on the soil type. With the bore hole created, the hexatonal is poured/placed to the bottom of the hole. An initiator pack, containing a fuze and a booster is then placed into the hole. Personnel then get into safety positions before firing the crater charge. Once the charge has been detonated, the operators are provided with a crater 7-9 metres wide, and 2.5-3.5 metres deep [2].
The brief outlined the design team’s responsibilities as follows:
· Comparing the performance of a new explosive formulation with existing formulations
· Obtaining safety data for the chosen explosive formulation
· Proposing a design for the cratering kit
· Recommending a production route for the explosive formulation and the cratering kit
· Describing the Manufacturing to Disposal Sequence (MTDS), including proposing suitable packaging for the RCK.
· Proposing a series of trials to prove the device meets the MTDS requirements.
Supporting information on designing the RCK for the entirety of the munition’s life cycle was presented. Additionally, some baseline data was provided on a novel explosive formulation called “Taw-Ex 2022” [1].
2.1. [bookmark: _Toc171202449]Research Options
A result of the brief, a series of design options were identified for research by the design team to support QFD stages one and two. These stages aimed to determine the most suitable design option based on customer requirements. The design options to be researched were:
· Existing RDX/TNT fill with a new case design – Researched by Joshua Evans
· A new fill in the existing case design – Research by Josh Ede
· A new fill and a new case design – Researched by Stan Collins
· A mixed-in-case shaped charge – Researched by Sam Parker
· A Taw-Ex 2022 filled design – Researched by Anna Williams
Each team member focused on a specific design option to provide comprehensive analysis and recommendations. The research on the “Existing RDX/TNT fill with a new case design” is detailed further in Section 4.
2.2. [bookmark: _Toc171202450]Design Team Roles
In industry, projects are typically delivered by multi-disciplinary teams. This approach provides a wider range of perspectives, which is crucial for designing a successful product, capturing a comprehensive project risk register, and identifying safety and environmental hazards throughout the project's life cycle. To mirror the multi-disciplinary teams that are seen in defence procurement projects, each member of the design team was allocated a role aligned with the Explosive Substances and Articles (ESA) National Occupational Standards (NOS) pathways. To optimise the team’s performance, members adopted roles that best suited their knowledge, skills, and experience in the workplace. The team roles were:
· Test and Evaluation (T&E) – Sam Parker (small scale) and Stan Collins (large scale)
· Manufacturing – Anna Williams
· Safety – Joshua Evans
· Research and Development (R&D) – Josh Ede
I took on the safety role for the design of the RCK. Despite following the research and development pathway throughout my apprenticeship, I have accumulated substantial experience working explosives safety over the last four years. Given my extensive experience in this area, I chose to allow others in the team the opportunity to take on the R&D role. Safety is paramount to project success, as any accidents in the workplace or system failures leading to injuries can have detrimental outcomes for the design company (e.g. financial loss, reputational damage, operational restrictions), the customer (e.g. harm to personnel, financial loss, reputational damage, etc.), and the potential removal of the product from service.
Effective communication among team members was vital for project success. Regular contact ensured the design features were appropriately considered and tested, preventing emergent behaviours or oversights. Failure to communicate properly could lead to critical aspects of the design being neglected, jeopardising the project integrity.
3. [bookmark: _Toc171202451]Rapid Cratering Kit Specification
3.1. [bookmark: _Toc171202452]Overview
The final design of the new RCK is illustrated in Figures 2 and 3. Both the shaped charge and the bag charge utilise a Taw-Ex 2022 fill. The shaped charge features an adjustable tripod, enabling its use on uneven terrain. It also includes a spacer attachment to ensure the optimal stand-off distance can be achieved to maximise penetration depth. The shaped charge is fuzed with an Exploding Bridge Wire (EBW), which is kept separate to the charge during transport, for safety.
Up to two bag charges can be used to create the crater. The Taw-Ex manufacturing process involves cast curing both the shaped charge and bag charges. For the shaped charge, the Taw-Ex fill is case cast, allowing for intimate contact with the liner and the casing. For the bag charge, the Taw-Ex is cast into round pellets, enhancing the RCK’s flexibility for different soil types. If the shaped charge creates a borehole too narrow for the bag charge to fit, the pellets can be poured from the bag into the borehole. An L2A2 detonator is fitted into a booster charge that is either secured into the bag charge or placed on top of the pellets at the bottom of the borehole. 
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[bookmark: _Ref170476778][bookmark: _Toc171202412]Figure 2 - New RCK shaped charge
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[bookmark: _Ref170476782][bookmark: _Toc171202413]Figure 3 - New RCK bag charge
3.2. [bookmark: _Toc171202453]Testing
The UN classification of the shaped charge and bag charge has yet to be determined, as the testing is pending. However, it is anticipated that the shaped charges will receive a UN classification of 1.4 or 1.6, meeting the customer’s requirement for the new charge to be “Insensitive” Munition (IM) compliant. It is important to note that in the case of explosives, the term “insensitive” does not mean that the articles are completely safe and incapable of detonating outside of their intended use. Rather, it indicates they are comparatively less sensitive than traditional explosive articles.
For the munition to be IM compliant, the RCK would need to be tested against the following threats:
[bookmark: _Toc171202436]Table 1 - IM requirements [3]
	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)

	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
	No propagation of reaction more severe than Type III (Explosion)



The design team had planned the small to large scale testing that would need to be conducted in order to assess the performance and safety of Taw-Ex 2022 and the new RCK design against the IM requirements.
One of our Test and Evaluation team had arranged the small scale hazard testing which would assess Taw-Ex 2022 against various stimuli. From these results, the team would be able to determine the explosive’s suitability for the RCK. Thermal and mechanical testing would also be required to determine other material properties. Our small scale testing also covered compatibility testing with other additives and casing materials to ensure that Taw-Ex 2022 did not become more sensitive.
Once the laboratory testing had been completed, the Design Team would then look at performance testing of the RCK. The performance testing would cover a range of different soil and terrain types (e.g. sandy, gravely, clay and concrete). Multiple rounds of testing would allow for alterations to the Net Explosive Quantity (NEQ) until a balance between performance and ease of use had been optimised. Ease of use is an important factor to consider, as a shaped charge with a large NEQ may be unwieldy for the user and would be more time consuming to setup.
3.3. [bookmark: _Toc171202454]Manufacturing
The design team put forward a melt-casting manufacturing process for the Taw-Ex 2022. This explosive would be used for both the shaped charge and the bag charge. For the shaped charge, the Taw-Ex would be cast in the casing to allow for an intimate contact with the liner and the casing, optimising performance. It was determined that melt casting the Taw-Ex would not be practical for the bag charge due to the material of the bag. Instead, the Taw-Ex would be casted in small spherical moulds to produce pellets. These pellets could then be poured into the bag once cooled. Having round pellets would allow for the bag charge to be placed in the bore hole or the pellets could be poured into the hole if the shaped charge hadn’t generated a wide enough cavity.
3.4. [bookmark: _Toc171202455]Transport and Storage
Ensuring the safe transport of the RCK is paramount, requiring it to pass stringent shock and vibration testing to qualify for travel via road, sea, and air. In the UK, DEF STAN 0035 provides guidelines for the qualification of munitions for vehicle transport. The RKC must undergo these tests to verify that it can withstand the physical stresses encountered during transport without compromising its integrity or safety. Shock testing simulates the impacts and jolts that the RCK might experience, while vibration testing ensures that prolonged exposure to vibrations, as might be experienced during a long transit, does not degrade the explosive’s stability.
To further enhance the safety of the RCK during transport, various features can be integrated into its packaging. Shock attenuators can be added to absorb and dissipate energy from impacts, reducing the likelihood of the explosive reaching its shock-to-detonation threshold. Additionally, increasing the thickness of the packaging can offer better protection against ballistic impacts and projectile. Transporting the fuzes separate to the shaped charge and bag charge would further reduce the risk of accidental detonation.
For storage, the RCK’s hazard division (HD) and compatibility group (CG) can improve the ease of storage. The new RCK design is anticipated to fall under HD 1.4 or 1.6, with a CG of “S”. HD 1.4 indicates that the explosive presents a minor explosion hazard [4], while 1.6 signifies extremely insensitive articles that do not have a mass explosion hazard. CG “S” denotes that the item is an explosive substance or article so packaged or designed that any explosive effect is confined within the package unless the package has been degraded by fire. This classification will simplify storage requirements both in the UK and in operational theatres, as munitions with these classifications can be stored with fewer restrictions and in closer proximity to other materials, optimising space and improving logistical efficiency.
3.5. [bookmark: _Toc171202456]Disposal
The disposal of the new RCK has been designed to ensure maximum safety and environmental responsibility. The chosen method for the destruction of the RCK involves using another shaped charge jet. This approach is highly effective, as it detonates up to 99.7% of the explosive material [4], ensuring that only a minimal amount of residual explosive remains. This method therefore minimises the environmental impact of the disposal process.
4. [bookmark: _Ref171109221][bookmark: _Toc171202457]Research Project – TNT/RDX Fill in New Case
To thoroughly assess the options under consideration for the new RCK design, each team member conducted a research project on a specified area. My research focused on evaluating the existing TNT/RDX fill with a new casing design. Through a literature review, I identified several plausible design changes that could enhance the safety of the RCK compared to the current design.
One potential design change is to reduce the Net Explosive Quantity (NEQ) of the RCK. While minimising the performance drop that could result from a reduction in charge mass is challenging, it is still achievable. Recent research has highlighted significant advancements in shaped charge liners. A notable breakthrough involves the incorporation of reactive materials and bi-metallic liners. Bi-metallic liners combine traditional liner materials (e.g. copper or aluminium) with more reactive materials (e.g. tantalum or zirconium) enhancing the effect on the target and thus reducing the charge mass needed to meet performance thresholds. The joining methods and the order of materials [3] have also been shown to affect the performance of bi-metallic liners. Optimising these parameters in the new RCK design could help to lower the required explosive quantity.
Another design improvement to enhance RCK safety involves modifications to the casings or transport packaging. Adding shock attenuators to the case or the packaging could dampen shock events experienced by the munition, reducing the chance of reaching the shock-to-detonation threshold of the RDX/TNT fill. Additionally, increasing the case thickness of the charges and the packaging would improve safety against ballistic impacts and projectiles.
A novel approach to further enhance safety is to design the casing to detonate from a single point, such as the booster/main charge contact face. If the munition initiates from any other point, the geometry of the casing/fill would prevent a detonation response.
More traditional methods of improving munition safety that were also considered, such as ensuring the fuzing system remains out of line until the RCK is ready to fire. Many current munitions have removable fuzes installed prior to use, allowing the munition to be transported without a detonator, thereby enhancing transport safety.
Through this research, I identified several improvements that could be made to an RDX/TNT or Hexatonal-filled RCK. However, despite these potential options, it was determined that the safety features would not suffice to classify the RCK as an insensitive munition. Although the RCK could be made safer, a significant performance drop would be expected due to the reduction in explosive fill necessary to enhance safety.  
5. [bookmark: _Toc171202458]Quality Function Deployment
With the completion of the research projects by the team, we utilised the Quality Function Deployment (QFD) method to assess the design solutions against the customer requirements. QFD stages one and two were conducted as a team to ensure that all aspects of the requirement set were met by the design options, enabling us to determine a recommendable option more likely to succeed. The design book for the RCK can be found in Appendix A, detailing the process followed for identifying the requirements set and the important features of the RCK.
The team started off by capturing the requirements set, which was largely identified through the design brief provided by the customer. Additional research was conducted to ensure that there was a comprehensive understanding of the munition and its employment. The captured set of requirements can be found in Table 1.
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[bookmark: _Toc171202414]Figure 4 - RCK system function map
Next, we attributed importance values to the requirements. This process was crucial as it identified which requirements contributed most to the overall performance of the RCK. Figure 4 shows that features like cost-effectiveness, comparable performance, and ease of manufacturing were among the least important traits, whilst safety, crater size, and compatibility with various terrains were the most important requirements.

[bookmark: _Ref170731472][bookmark: _Toc171202415]Figure 5 - Rationalised Requirements from pairwise comparison
After completing the pairwise comparison, we started the first QFD stage was started, as shown in Appendix A. QFD 1 cross-references the requirements against their importance and the design functions of the system. The team divided the functions into eight parts and scored them based on their relevance to meeting the requirements. This provided a weighted score that, when totalled from the list of requirements, helped determine the most important design features for the RCK.
The next step involved considering possible solutions for each design function of the RCK (Table 4). With these brainstormed lists, we highlighted the options most appropriate and feasible for the RCK design.
Finally, we completed QFD stage two. Similar to QFD one, this stage compares two variables weighted by importance, but this time it considers design features against functionality. Figure 5, generated from Table 5, displays the most and least important features of the RCK. Features related to the explosive fill and firing train were deemed the most important, whilst tooling and the shaped charge liner were the least important.

[bookmark: _Ref170735254][bookmark: _Toc171202416]Figure 6 - Graph showing the importance of design features of the RCK
As a result of QFD stages one and two, we were able to down-select the design options for each feature. From the design book process, the team came up with the following specifications:
[bookmark: _Toc171202437]Table 2 - RCK design specifications
	Feature
	Solution

	Packaging
	Shaped charges – crates	Comment by Josh Evans: Be more specific
Bag charges with boosters – crates
Detonators – ammunition tins

	Tooling
	Shovel

	Shaped charge – explosive fill
	Taw-Ex 2022

	Bag charge – explosive fill
	Taw-Ex 2022

	Shaped charge – booster
	N/A

	Shaped charge – liner
	Conical shape, copper

	Shaped charge – case
	Boat-tail shape, steel

	Shaped charge – fuze
	Explosive Bridge Wire

	Bag charge – fuze
	L2A2 detonator

	Bag charge – booster
	Polymer-based explosive (TBC)


These specifications ensure the RCK meets the critical customer requirements while enhancing safety and maintaining performance.
6. [bookmark: _Toc171202459]Project Catch-up
During the second block of the spring semester, the team conducted a project catch-up with the customer to provide an overview of progress. The team presented the outcomes of QFD stages one and two and outlined the chosen option. At this stage, the team was uncertain about the full scope of the project and sought clarification. The customer clarified that they wanted the team to cover the MTDS, including the route to qualification, the in-service phase, and the disposal phase.
With this clarification, the team identified a list of project deliverables that were required:
[bookmark: _Toc171202438]Table 3 - list of deliverables and responsible parties
	Deliverable
	Assigned to

	QFD 1 and 2
	Team

	Research project
	Team

	Small-scale hazard testing
	Sam Parker

	Laboratory testing
	Sam Parker

	Large-scale safety testing
	Sam Parker

	Function Testing
	Anna Williams

	Large-scale performance testing
	Josh Ede

	Classification testing
	Stan Collins

	IM testing
	Stan Collins

	Manufacturing techniques
	Anna Williams

	Transport
	Joshua Evans

	Storage
	Joshua Evans

	Training
	Team

	Disposal method
	Josh Ede

	Toxicity/environmental evaluation
	Josh Ede

	S3
	Stan Collins



Despite tasks being assigned to specific team members, collaboration was essential. For instance, my role in safety involved significant involvement in most deliverables. For the test and evaluation activities, I was responsible for reviewing and signing off on the risk assessments for all testing to ensure safety compliance. In the manufacturing tasks, I ensured that the designed manufacturing process was safe and appropriate for the project, and that the correct resources were in place to conduct activities safely. 
On a technical level, my role included ensuring that any machinery procured had safety guards installed where possible to minimise injuries. Regarding the RCK design, I worked closely with the team to integrate safety features into the design. I communicated the necessary safety levels to ensure compliance with regulations and to achieve a high standard of safety, which is crucial for the project’s success.
7. [bookmark: _Toc171202460]Design Review
At the end of the third semester, the design team presented their solution to the customer. The presentation outlined the decision-making process for the final solution, covering the results from QFD stages one and two. Each team member then elaborated on their specific project activities. I focussed on the technical aspects of the transport and storage requirements for the RCK.
The transport requirements for this project encompass not only the munition itself, but also its constituent parts throughout the entire project lifecycle – from the concept phase to disposal. This comprehensive approach ensures that every component of the RCK is considered for safe transport, mitigating risks and enhancing overall safety.
The key points covered included:
· Shock and vibration testing – Ensuring the RCK can withstand the shocks abd vibrations encountered during transit via road, sea, and air.
· Compliance with DEF STAN 0035
· Ensuring compliance with international regulations for safe transport.
· An overview of the 12 metre drop test
· An overview of Hazard Divisions and Compatibility Groups and how adopting “insensitive” munitions alleviates storage limitations at home and in theatre.
By addressing these aspects, we aimed to guarantee that the RCK and its components remain safe and effective throughout their entire lifecycle. This thorough evaluation of transport and storage requirements is crucial for ensuring the reliability and safety of the RCK in real-world applications. 
8. [bookmark: _Toc171202461]Optimisations to design portfolio
As a result of the design review that was presented to the customer, several alterations are required to optimise the proposed solution. The most significant change involves the manufacturing process. Initially, the design team had mistakenly believed that Taw-Ex 2022 could be melt casted. However, the customer confirmed during the design review that the explosive is, in fact, cure casted. This major change in the manufacturing process necessitates different processing equipment than initially scoped.
From a safety perspective, this oversight could have had severe consequences. Attempting to melt cast the explosive could have led to an accidental premature detonation, potentially resulting in loss of life and the destruction of our manufacturing facility. To address this, I have organised a lessons identified meeting. This meeting is an essential mechanism for improving systems and processes. By reflecting on this near miss, the team can identify areas for improvement and minimise the likelihood of similar oversights occurring in the future.
A further list of key changes and actions are as follows:
· Revised Manufacturing Process:
· Implement the correct cure casting process for Taw-Ex 2022
· Procure the appropriate processing equipment necessary for cure casting.
· Safety protocols:
· Update safety protocols to reflect the correct handling and processing of cure cast explosives.
· Conduct additional training to ensure all team members are familiar with the new procedures.
· Lessons Identified Meeting:
· Schedule and conduct a meeting to discuss the oversight and identify root causes.
· Develop action plans to prevent similar mistakes, including enhanced verification steps and cross-checks during the design and planning phases.
· Documentation Updates:
· Revise the design documentation to include the correct manufacturing process and updated safety measures.
· Ensure all relevant documentation is reviewed and approved by the customer and regulatory bodies.
By implementing these changes, we aim to enhance the safety and reliability of the RCK manufacturing process. The lessons identified meeting will also serve as a valuable learning experience, helping to refine our approach and improve our systems and processes for future projects.
9. [bookmark: _Toc171202462]Reflection
Reflection on the project’s progression, I have identified several inefficiencies in the solution generated. The choice of explosive fill, Taw-Ex 2022, was influenced by its inclusion in the original design brief from the customer. We assumed this was the preferred fill for both the main charge of the shaped charge and bag charge, leading us to overlook other potential options. This decision complicated the project and increased costs for the customer, as additional testing was required to determine Taw-Ex 2022’s performance characteristics and sensitivity to stimuli before its implementation in the RCK. In hindsight, opting for an explosive fill already qualified for UK service in other munitions could have saved significant time, effort, and money by reducing the testing needed during the concept, assessment, and demonstration phases, and by simplifying the UN classification process for the munition.
While communication within the design team was generally good, there were instances where communication could have been improved. A major example was the development of a manufacturing process for a melt-castable explosive, while Taw-Ex 2022 is actually cure castable. This issue arose not from inter-team communication but from a lapse in communication between the design team and the customer. The team relied solely on the customer-arranged check-ins at the project’s outset. More frequent check-ins with the customer throughout the project might have caught this mistake earlier, preventing unnecessary work. 
10. [bookmark: _Toc171202463]Conclusion
The Group Project Module at UWTSD offered a unique opportunity for the design team to engage in a collaborative, hands-on problem-solving activity, directly applying scientific principles to real-world defence scenarios. Throughout the project, the team undertook comprehensive research and applied the Quality Function Deployment (QFD) methodology to assess and refine design solutions for the Rapid Cratering Kit (RCK), ensuring alignment with customer requirements.
The project brief outlined the development of a new RCK, emphasising the selection and evaluation of various explosive types. Key deliverables included a thorough design review, safety assessments, and a detailed manufacturing plan. Each team member took on specific roles, ensuring a multi-disciplinary approach that mirrored real-world defence procurement projects.
During the project catch-up with the customer, the team sought clarification on the project’s scope, which led to the identification of crucial deliverables encompassing the Manufacturing to Disposal Sequence (MTDS). This reinforced the importance of comprehensive planning and clear communication.
The design review highlighted significant learnings, including the need to switch from a melt casting to a cure casting process for Taw-Ex 2022. This oversight underscored the importance of accurate communication and regular check-ins with the customer to prevent similar issues in future projects. The implementation of a lessons identified meeting aimed to enhance future project performance by identifying areas for improvement.
Reflecting on the project, several inefficiencies were identified, particularly regarding the selection of Taw-Ex 2022 without thoroughly exploring other explosive formulations. Improved communication strategies and regular customer check-ins were recommended to enhance project efficiency and alignment with customer expectations.
In conclusion, the project provided valuable insights into the complexities of defence-related design and manufacturing. By addressing the identified inefficiencies and enhancing communication protocols, future projects can achieve greater success, ensuring safety, performance, and customer satisfaction. The experience gained from this project will undoubtedly contribute to the team’s ability to manage and execute similar project more effectively in the future.
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[bookmark: _Toc171202465]Appendix A – Rapid Crater Kit Design Book
[bookmark: _Ref170731103][bookmark: _Toc171202439]Table 4 - Design book - Requirements set
	Level 1
	Level 2

	Make a crater
	Make a crater of X diameter and Y depth

	Operational in desert
	Focus on desert climate but worldwide capability

	Transportable using current available equipment
	Transportable in current range of aircraft, both fixed wing and rotary

	Be an insensitive munition
	Munition needs to comply with IM standards and testing

	Similar performance to existing conditions
	Explosive performance comparible to current RDX/TNT solutions

	Portable for ease of deployment
	Handheld kit that can be moved and deployed by personnel without assistance

	Safely stored easily
	Fits IATG storage requirements

	Environmentally considerate
	Doesn't leave large environmental impact in the area post detonation

	Ease of manufacture
	Simple design to aid ease of manufacturing

	Must have safety features
	Safety features built into design to reduce injury to personnel

	Ease of operation
	Easy to use with minimal training, simple operating procedure

	Deployable in all weather
	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

	Operational in dark/low light
	Easy to operate in all lighting conditions including nighttime 

	Effective in all soil types/conditions
	Charge needs to generate crater in all variations of soil and conditions (e.g. dry sand, wet sand, clay soil etc)

	 
	 

	Additional Extras?
	 

	Cost-effective
	Munitions must be cost effective for the customer 



[bookmark: _Toc171202440]Table 5 - Pairwise comparison of requirements
	
	 
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	
	
	

	 
	Pairwise comparison of requirements

1 = No Preference, Reciprocal = 1

2 = Slight Preference, Reciprocal = 0.5

5 = Preference, Reciprocal = 0.2

9 = Strong preference, Reciprocal = 0.11
	Make a crater of X diameter and Y 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 comparible to current RDX/TNT solutions 
	Handheld kit that can be moved and deployed by personnel without assistance
	Fits IATG storage requirements
	Doesn't leave large environmental impact in the area post detonation
	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 
	Row Product
	nth root of row product
	Total Normalised

	1
	Make a crater of X diameter and Y depth
	1
	1
	2
	5
	9
	5
	5
	9
	9
	1
	5
	2
	5
	2
	9
	164025000
	3.529073
	15.678641

	2
	Focus on desert climate but worldwide capability
	1
	1
	1
	2
	9
	2
	1
	5
	9
	0.2
	1
	1
	2
	1
	9
	5832
	1.782602
	7.9195817

	3
	Transportable in current range of aircraft, both fixed wing and rotary
	0.5
	1
	1
	5
	9
	2
	1
	5
	9
	1
	2
	1
	5
	1
	9
	182250
	2.24239
	9.9622838

	4
	Munition needs to comply with IM standards and testing
	0.2
	0.5
	0.2
	1
	9
	5
	1
	9
	9
	1
	5
	0.5
	5
	0.5
	9
	4100.625
	1.741232
	7.7357854

	5
	Explosive performance comparible to current RDX/TNT solutions
	0.11
	0.11
	0.11
	0.11
	1
	0.2
	0.11
	0.2
	0.5
	0.11
	0.2
	0.11
	0.11
	0.11
	0.2
	1.886E-12
	0.165339
	0.7345522

	6
	Handheld kit that can be moved and deployed by personnel without assistance
	0.2
	0.5
	0.5
	0.2
	2
	1
	0.2
	5
	5
	0.11
	1
	0.2
	1
	0.2
	9
	0.00396
	0.691586
	3.0725155

	7
	Fits IATG storage requirements
	0.2
	1
	1
	1
	9
	5
	1
	9
	9
	1
	5
	2
	5
	1
	9
	328050
	2.332004
	10.360413

	8
	Doesn't leave large environmental impact in the area post detonation
	0.11
	0.2
	0.2
	0.11
	5
	0.2
	0.11
	1
	0.5
	0.11
	0.5
	0.2
	0.5
	0.11
	2
	3.221E-08
	0.316616
	1.4066325

	9
	Simple design to aid ease of manufacturing
	0.11
	0.11
	0.11
	0.11
	2
	0.2
	0.11
	2
	1
	0.11
	0.2
	0.11
	0.2
	0.11
	1
	6.859E-10
	0.244955
	1.0882629

	10
	Safety features built into design to reduce injury to personnel
	1
	5
	1
	1
	9
	9
	1
	9
	9
	1
	9
	5
	5
	1
	9
	66430125
	3.322699
	14.761781

	11
	Easy to use with minimal training, simple operating procedure
	0.2
	1
	0.5
	0.2
	5
	1
	0.2
	2
	5
	0.11
	1
	0.2
	1
	0.11
	5
	0.00242
	0.669249
	2.9732774

	12
	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
	0.5
	1
	1
	2
	9
	5
	0.5
	5
	9
	0.2
	5
	1
	9
	1
	9
	82012.5
	2.126141
	9.4458217

	13
	Easy to operate in all lighting conditions including nighttime 
	0.2
	0.5
	0.2
	0.2
	9
	1
	0.2
	2
	5
	0.2
	1
	0.11
	1
	0.5
	5
	0.00396
	0.691586
	3.0725155

	14
	Charge needs to generate crater in all variations of soil and conditions (e.g. dry sand, wet sand, clay soil etc)
	0.5
	1
	1
	2
	9
	5
	1
	9
	9
	1
	9
	1
	2
	1
	9
	590490
	2.4252
	10.774453

	15
	Munitions must be cost effective for the customer 
	0.11
	0.11
	0.11
	0.11
	5
	0.11
	0.11
	0.5
	1
	0.11
	0.2
	0.11
	0.2
	0.11
	1
	2.358E-10
	0.228123
	1.0134835




[bookmark: _Ref170733214][bookmark: _Toc171202441]Table 6 - QFD 1
	How
	Importance
	Crater generation
	Bore hole generation
	Vehicular packaging
	Mandraulic packaging
	Initiation system
	Booster (when required)
	Safety components
	Stand/positioning system

	Requirements
	
	
	
	
	
	
	
	
	

	Make a crater of X diameter and Y depth
	15.7
	9
	3
	
	
	1
	3
	1
	1

	Focus on desert climate but worldwide capability
	7.92
	9
	9
	
	
	3
	3
	3
	

	Transportable in current range of aircraft, both fixed wing and rotary
	9.96
	
	
	9
	3
	
	
	9
	

	Munition needs to comply with IM standards and testing
	7.74
	9
	9
	
	
	9
	9
	9
	

	Explosive performance comparible to current RDX/TNT solutions
	0.73
	9
	
	
	
	9
	9
	
	

	Handheld kit that can be moved and deployed by personnel without assistance
	3.07
	3
	3
	
	9
	
	
	
	1

	Fits IATG storage requirements
	10.4
	9
	9
	9
	9
	9
	9
	9
	

	Doesn't leave large environmental impact in the area post detonation
	1.41
	9
	9
	
	
	3
	9
	1
	

	Simple design to aid ease of manufacturing
	1.09
	9
	9
	1
	1
	3
	1
	1
	9

	Safety features built into design to reduce injury to personnel
	14.8
	3
	3
	1
	1
	9
	3
	9
	1

	Easy to use with minimal training, simple operating procedure
	2.97
	9
	9
	1
	3
	9
	9
	3
	9

	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
	9.45
	9
	9
	
	3
	9
	9
	9
	3

	Easy to operate in all lighting conditions including nighttime
	3.07
	9
	9
	
	1
	9
	3
	9
	9

	Charge needs to generate crater in all variations of soil and conditions (e.g. dry sand, wet sand, clay soil etc)
	10.8
	9
	9
	
	
	
	
	
	3

	Munitions must be cost effective for the customer
	1.01
	
	
	
	
	
	
	
	



[bookmark: _Ref170733771][bookmark: _Toc171202442]Table 7 - Functionality
	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
	 
	 
	 



[bookmark: _Ref170735091][bookmark: _Toc171202443]Table 8 - QFD 2
	Design feature
	Importance
	factor
	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
	694.2123177
	10
	69.42123177
	
	
	
	
	
	
	9
	3
	3
	1
	1
	
	
	3

	Bore hole generation
	593.5295028
	10
	59.35295028
	3
	9
	9
	3
	9
	9
	
	
	
	
	1
	
	
	3

	Vehicular packaging
	201.727594
	10
	20.1727594
	
	
	
	
	
	
	1
	
	
	1
	
	9
	9
	

	Mandraulic packaging
	206.9630664
	10
	20.69630664
	9
	
	
	
	
	
	1
	
	
	9
	
	3
	
	

	Initiation system
	488.679386
	10
	48.8679386
	
	1
	
	9
	
	
	1
	3
	9
	
	
	
	
	9

	Booster (when required)
	419.2941599
	10
	41.92941599
	
	
	
	
	
	
	3
	9
	3
	
	
	
	
	

	Safety components
	548.8995148
	10
	54.88995148
	9
	9
	
	9
	
	
	9
	9
	9
	9
	3
	9
	9
	9

	Stand/positioning system
	158.3802648
	10
	15.83802648
	
	
	
	
	9
	
	
	
	
	
	
	
	
	






Requirements	[VALUE]
[VALUE]
[VALUE]
[VALUE]
[VALUE]
[VALUE]
[VALUE]
[VALUE]
[VALUE]
[VALUE]
[VALUE]
[VALUE]
[VALUE]
[VALUE]
[VALUE]

Make a crater of X diameter and Y 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 comparible to current RDX/TNT solutions	Handheld kit that can be moved and deployed by personnel without assistance	Fits IATG storage requirements	Doesn't leave large environmental impact in the area post detonation	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 	15.678640792186696	7.919581665030698	9.9622838026988312	7.7357853545258006	0.73455223426868488	3.0725155266345578	10.36041320233997	1.4066324603847815	1.0882629348893098	14.761780562340393	2.9732774122051473	9.4458217073288004	3.0725155266345578	10.774453313018638	1.0134835055131117	



Feature Importance	SC Case	SC Fill	SC Liner	SC Det	SC Stand	Shovel	Main Fill	Booster	Main Det	Bag	Tooling	Box	Pallet	Firing System	858.3351739051966	1077.0540544844082	534.17655254763383	1111.8798615618987	676.71879087282241	534.17655254763383	1334.3259018642877	1226.2418183600757	1267.8729539942435	769.87031422068787	293.44403649888977	737.65331780449083	675.56439789909086	1320.1435568695713	
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