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Abstract:
Demolition crater kits are an explosives kit designed for creating craters or large holes. These are often used as methods of defence in the military in order to hide from opposition. They are set up in strategic locations with purposes of blocking critical points such as airport runways, highways, roads, valleys, and passes. For this project, the specific focus was on the Demolition Rapid Crater Kit Mk2. The Demolition Rapid Crater Kit Mk2 is an advanced demolition tool designed for controlled cratering operations in military and engineering applications [1]. It consists of specialized explosives, detonation devices, and supporting equipment packaged in a compact and portable format [2]. The Mk2 version incorporates improvements over its predecessor, enhancing safety, precision, and efficiency in cratering tasks. These enhancements may include upgraded explosives with higher energy density, more reliable detonation mechanisms, and improved user interfaces for easier operation. 
As a group, the main design of this cratering kit was looked at and then a design process was used to analyse the main parts and look at how it could be done differently and improved. Using quality function deployment, QFD, this made the design process simple and easy to look at how the Demolition Rapid Crater Kit Mk2 could be improved. QFD, or Quality Function Deployment, is a systematic approach used in product development and engineering to ensure that customer needs and requirements are effectively translated into specific design features and characteristics. The QFD process involves a series of steps aimed at understanding customer needs, prioritizing them, and then translating them into technical requirements and design parameters.
The results of this were then presented as a group and feedback was given. The presentation allowed the group to show the work that had been done and the resulting design. The aim of the presentation was to show how well the group had worked together, as well as completing their individual roles and tasks. The feedback was mostly positive, and the panel that the group presented to said they liked the design. Some of the constructive feedback included working on manufacturing processes, as well as improving some of the trials and testing as they had not been completely accurate. In terms of the explosives used, the feedback was positive, and there weren’t many improvements that could have been made.

Group Work and Design:
The group used a QFD design approach in order to identify many things such as key customer requirements, functional importances, the best approach for the design with a functional means analysis, and then noise and control factors. The QFD design process is a method of prioritizing the customer’s needs through the product development process. It helps to create a strong balance between the customer’s needs, the products requirements, and technical requirements. By using the QFD process, the design team can ensure that the customer is satisfied. The first part of the process was to identify the key customer requirements. The customer requirements refer to the requirements specified by the customer. These are certain expectations of the product that are most important in the design. The key customer requirements were identified as creating an IM compliant rapid cratering kit, deliver effect in order to create a crater of diameter 4-10m and depth 3-7m, and provide a cratering kit that will function in a hot/desert climate.
After this, the operational requirements could be identified. Operational requirements are the requirements of the system in order to ensure the product delivers the desired effect. These are requirements not listed by the customer, but still necessary for the performance of the system. For the demolition cratering kit, this included safety measures such as reducing the chance of accidental detonation, compliance with regulations, and operational effectiveness. These requirements ensure that the product meets the needs of the manufacturer, logistics crew and the crew who will be handling the product when setting it up, as well as making sure the product is safe during storage.
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Moving onto the QFD 1, the functional importances chart allowed us to identify the most important functions of the system. These included initiate effect, initiate booster, and produce final crater. The functional means analysis then allowed us to identify the methods of achieving these functions. The method of achieving ‘initiate effect’ was originally going to be achieved using an electrical system. This is the method used of initiating the original detonator. However, this was changed when the team decided that it would be cheaper and easier to use a non-electric shock tube and Dynastart in order to set off the detonator. This was because the original plan was to use an electric bridge-wire detonator, but it was going to cost too much so it was changed to a non-electric detonator. This is discussed more later on in the report. As mentioned, the ‘initiate booster’ was changed to a non-electric detonator, instead of an EBW detonator. ‘Produce final crater’ was going to be done by using high explosives. This is later decided to be done using a polymer bonded explosive, known as PBX-9502.
The feature importances chart helped the group to acknowledge which sub-systems were most important and needed the most attention. The most important sub-system was seen to be the detonator. Like previously mentioned, eventually this was chosen to be a non-electric detonator. One of the main reasons was due to safety. The shock tube leading into the detonator uses a plastic tubing. This means it is not conductive and is immune to most hazards associated with stray electric current. This makes them very unlikely to detonate accidentally.
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Description automatically generated with medium confidence]The next part of the process was to choose a design as a team. In order to do this, current and previous designs were compared. 
The image above shows what is currently used in NATO armed forces. Using the Quality Function Deployment, QFD, the team analysed the current design and compared this to the customer requirements, functional requirements, etc. to see how this could be improved. Beginning with the customer requirements, the customer asked for an IM compliant cratering kit. IM compliant refers to insensitive munitions that are less susceptible to accidental detonation. This applies to explosives with a higher stability and less sensitivity. This is an important requirement for the handling of the charge, as well as the manufacturing and transport. In terms of the designer, they are required to ensure that the charge is safe throughout its entire service life.
When analysing the current cratering kit used in service, it is shown that the kit includes a shaped charge, shock tube and detonator, a booster and two bags of high explosives [3]. One of the first changes made was to eliminate the shaped charge. The shaped charge is designed to create the initial crater in which the two bags of explosives are then poured into. This was seen as an unnecessary feature as it is time consuming and additional explosives that can be removed in order to make the whole process safer and quicker. It was decided to replace this with an auger drill. This is a way of creating the hole for the cratering charge without the need of additional and somewhat unnecessary explosives. The two bags of explosives were also chosen to be replaced with a different design.
[image: ]The picture above shows a design similar to the cratering kits used in America. This was believed to be a much more efficient and safer design compared to using two bags of explosives and pouring them in a hole. The design used by the team was similar to this one, except the team used a design with 4 separate sections. This allowed the sections to be taken apart, allowing for the option of different sized craters. The American design was seen to be better to the demolition rapid crater kit mk2 used by NATO, however, there is still improvements that can be made to it. One key feature of the 40lb crater kit was the initiation method. They choose to use shovels in order to dig the original hole out which was agreed to be a better method than the shaped charge, as previously discussed. The initiation method, however, is a small amount of C4 taped to the side of the charge, and the detonator placed in the middle of the C4 [4]. Despite this definitely working, C4 is not considered to be IM compliant. It is relatively stable, however, there are better options for a booster charge. The design the group went with in the end, was similar to the American kit. However, the group chose to design 3 separate charges, which then joined together. This was to make it easier to transport, as well as making it safer and giving the option of creating a smaller crater.

Responsibility:
As the research engineer, the main responsibilities lied with the choice of explosives for the demolition crater kit. The current Demolition Rapid Crater Kit Mk2 currently uses run-off/waste explosive, consisting of RDX/TNT 60/40. Some advantages of this include it being very cost-effective using run-off explosives from shell filling. By using waste explosives, it means there is no need to purchase new explosives and is also environmentally friendly. Usually, waste is disposed of either through detonating it or through burning it. This is harmful for the environment as it releases carbon dioxide. Explosives can also cause soil and water contamination. However, using waste explosives also poses lots of risks in terms of safety and performance. Run-off or waste explosives may have varying quality and consistency. This makes it unreliable and affects their performance. The stability of waste explosives may have also changed. This can make it unsafe during storage, handling, and use. If explosives don’t detonate fully, and you are left with unexploded explosives, this can cause harm to the environment through water and soil contamination. Due to these issues, it can make it difficult to comply with regulations. 
The two bags of explosives used to create the main crater are filled with Hexatonal. This is also known as Composition H6, which is what is used in the American cratering kits. This is made up of approximately 44% RDX, 29.5% TNT, 21% powdered aluminium, 5% paraffin wax and 0.5% calcium chloride [5]. Composition H6 is an energetic material used widely in military applications. It has a high energy output due to the 44% RDX as well as the powdered aluminium also enhancing the explosive power and improving performance, with a detonation velocity of approximately 7367ms-1. It has less shock-sensitivity than lots of other explosives as well making it better for long-term storage. However, the main reason for replacing the Hexatonal/Composition H6 was due to them not being IM compliant. This was one of the key customer requirements listed in the brief, so it was important to ensure the explosive chosen was IM compliant.
The customer requires an IM compliant cratering kit and have suggested it is filled with a new RAM mixed explosive “TAW-EX-2022”. This is a polymer-bonded explosive, consisting of 7-10% inert materials, and then the rest a 50/50 mix of RDX/HMX. This will be a high-power explosive, given that RDX has a detonation velocity of 8550ms-1 and HMX has a detonation velocity of 9100ms-1. RDX also has a TNT equivalency of 1.6 and HMX has a TNT equivalency of 1.7. The 7-10% of inert materials will be in order to increase the stability of the material or a binding agent or something similar. This will reduce the performance of the energetic material slightly, but the overall performance will still be high, with a high energy output. Another advantage of HMX and RDX is that both have high melting points of approximately 350oC and 205oC. This may be affected slightly again by the binding agent. The performance can also be enhanced by replacing 10% of the 50/50 RDX/HMX with CL-20. This has a TNT equivalence of 1.9 and is more powerful than RDX and HMX. It also has a detonation velocity of approximately 9500ms-1. It is described as one of the most powerful non-nuclear explosives on earth, however, it is incredibly expensive and probably not financially viable to use it for a demolition crater kit.
In the end, the energetic material chosen for the main charge was PBX-9502. This is a polymer-bonded explosive with a TATB base. It consists of 95% TATB, and then the remaining 5% is Kel-F 800. Originally, pure TATB was suggested, due to its stability, performance, and insensitivity. It has a melting point of 350oC, which is very high and makes it suitable for use in hot/desert climates [6], which was one of the functional requirements of the system. Compared to the melting point of TNT, which is approximately 80oC, this is much more suitable and a lot more likely to perform better in a hot environment. TATB also has a velocity of detonation of 7350ms-1 which is less than that of RDX and HMX, however, when it is mixed with the binder Kel-F 800, the overall performance is improved. Kel-F 800 is a fluoropolymer which has a very high density of approximately 2g/cm3. This helps increase the detonation velocity of the explosive. Another advantage of the binder is it exhibits inert chemical behaviour which increases the shelf life and reduces aging. Due to the stability of TATB, PBX-9502 is classed as IM compliant [7]. This was one of the key requirements of the customer, so it was important to ensure this was met. The only reason PBX-9502 was chosen over pure TATB was due to the improved performance with the addition of the Kel-F 800. As mentioned in the design section, the main charge consisted of 3 sections. These were all going to be 6.8kg of PBX-9502. This would give all 3 an NEQ of approximately 24kg TNT equivalent. This was decided based on the size of similar cratering kits.
Having decided on the main charge, the next step was to decide on the booster charge. The American system uses C4, which is commonly used for military charges. C4 is mainly made up of RDX, which gives it a high detonation velocity of approximately 8000ms1. It is also relatively stable and insensitive, making it a good option for the booster. However, the American system slices the C4 in half and places the detonator in the centre of the C4, then puts it back together and sticks it to the side of the cratering kit. This is ineffective and can lead to misfires from the main charge not being initiated properly. The booster that was chosen by the group was Rowanex 3601. This is another PBX, consisting of 35% RDX, 60% TATB, and 5% Viton [8]. The addition of Viton as a binder helps increase the stability and reliability of the energetic material, as well as protecting it from chemical degradation due to Viton’s resistance to a wide range of chemicals. Viton also has high temperature resistance, making it more suitable for use in hot/desert climates which is one of the requirements of the system. This helps the stability of Rowanex 3601 during storage, transportation, and use. The addition of the binder also reduces the explosives’ chance of accidental ignition. This is because Viton has a high resistance to burning and low flammability. RDX has a high velocity of detonation making it suitable for a booster. At a density of 1.76g/cm3, it has a velocity of detonation of 8550ms-1. RDX also has good stability, making it resistant to shock, impact, and friction. TATB also has high stability, as mentioned previously, helping increase the stability of Rowanex 3601. Rowanex 3601 is stated as being IM compliant [9], which was the main reason it was chosen for the booster charge. 
For the detonator, both systems use a non-electric detonator attached to shock tube in order to initiate the crater kit. This system is a reliable, cheap, and relatively safe option. The shock tube is available in reels of over 2500m and costs just 31 pence per metre. The non-electric detonators are also inexpensive, at approximately £4.40 per detonator. One suggestion made by the team was to use an electric bridge-wire detonator. This is a good option as electric bridge-wire detonators are one of the safest options. They do not contain any primary explosives such as lead azide, making them more insensitive. They require approximately 4kV to initiate them. However, due to them requiring such a high voltage to initiate them, it makes it very costly. An RP-83 detonator, which is an EBW, is approximately £98, which is much higher in comparison to the non-electric detonators. The 4kV input also requires a special firing system. The firing system required is a Teledyne Reynolds firing system which costs around £25,000. This is much higher than the Dynastart firing systems required for initiating the shock tube and non-electric detonators. Therefore, the final decision was to go with the non-electric detonator, shock tube, and Dynastart initiator. This was based on a combination of price and performance. The non-electric detonator uses a small amount of PETN; which makes the detonator safer as PETN is a secondary explosive making it much more insensitive and less likely for accidental detonation. PETN has a detonation velocity of 8400ms-1 which is much higher than energetic materials such as lead azide, which only has a detonation velocity of 4630ms-1. The shock tube is lined with a very small amount of HMX, which has a detonation velocity of 2200ms-1. 

Summary and Conclusion:
To summarise and conclude, the design the team came up with was efficient, safe and with a good performance level. This was supported with the feedback in the presentation. The feedback given to the group by the panel said that the group worked well as a team. The group all had their individual responsibilities, which everyone managed to complete to a good level. As well as that, for the main design and the QFD process, the team worked well together. The panel were impressed with our design and also impressed with the 3D models that had been presented, giving them a visual representation. Some of the constructive feedback included some of our manufacturing methods and some of the trials and testing being inaccurate. Overall, the panel were impressed with the design and presentation.
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