[bookmark: _Hlk153534974][bookmark: _Hlk165732487][image: A black and yellow shield with blue flowers

Description automatically generated]


Alexander Nichols



Group Project Portfolio 



UWTSD



BEng
Academic Year: 2023 - 2024



Supervisor:	 Dave Holley
December 2023



[bookmark: _Toc129338450][bookmark: _Toc137806433][bookmark: _Toc165898572]Academic integrity declaration
I declare that:
· the thesis submitted has been written by me alone.
· the thesis submitted has not been previously submitted to this university or any other.
· that all content, including primary and/or secondary data, is true to the best of my knowledge.
· that all quotations and references have been duly acknowledged according to the requirements of academic research.
I understand that to knowingly submit work in violation of the above statement will be considered by examiners as academic misconduct.




















[bookmark: _Toc137806434][bookmark: _Toc165898573]Abstract
This report aims to describe the work that has been completed as part of the group project portfolio. This has been written from the perspective of the Manufacturing and Production lead and aims to demonstrate the work that has been carried out by both the individual and the group. While not described in this report other aspects of the portfolio include work completed on Safety, Transportation, and Trials relating to the product that was designed. The team was given a task to produce an insensitive munition compliant cratering kit that could replace those currently in service. The requirement for this product was to be used in all climates with an emphasis on desert conditions and to produce a crater capable of being used by troops as cover or as an area denial tool. To complete this task responsibilities were delegated to all members of the team and a team name of Advanced Explosives Solutions International. The product that was developed by the team that is described in this report has been given the name Cratering Kit 2024 (CK24). 
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1 [bookmark: _Toc165898574]Introduction
1.1 [bookmark: _Toc165898575]Overview

[image: A logo with a bomb

Description automatically generated]A task was set for the group project portfolio to develop a solution to the requirement for an IM (Insensitive Munition) compliant rapid creating kit. This has been assigned the name CK24 (Cratering Kit 2024) by the team for this project. This would replace the Charge, Demolition Rapid Crater Kit MK.2 currently in service with the British Army and other NATO (North Atlantic Treaty Organisation) [1].  The function of this charge is to allow for the user to rapidly create a defensive position safely to use as protective cover. This is done via the use of explosive charges manufactured at ROF (Royal Ordinance Factory) Chorley [2]. Other requirements for this new kit are that it be compatible with desert conditions however usability worldwide is also desirable [2]. The system should also be compatible with air, land, and sea transport in company used vehicles.Figure 1

1.2 [bookmark: _Toc165898576]Team Structure 

To meet the requirements, set for this task and produce an efficient system the group for this task formed a structured team. This team was given the name Advanced Explosives Solutions International (ASEI). A logo was also created to represent the team and give increase brand identity which can be seen in figure 1. To meet the different assessment criteria for this task the members of team were assigned specific roles these can been seen in figure 2. This team structure was chosen to fit the individual personal experience of the members as most of the team is following a safety pathway. This meant that it was not possible to assign roles based on work experience alone.Figure 2

	Team Position
	Name

	Research and Design Engineer
	Ewan Simpson

	Design Engineer
	Craig Maclellan​

	Test and Evaluation Manager
	Finn Mallon

	Production and Manufacturer Lead
	Alexander Nichols​

	Safety Lead Engineer
	John Gallacher

	Transport Engineer
	Katie Byrne

	Disposal Engineer
	William Young


1.3 [bookmark: _Toc165898577]Quality Function Development

[image: A table with different types of electrical components

Description automatically generated]Before starting the process of developing a replacement cratering kit the first step was to make sure that the right product was designed. To do this a Quality Functional Development (QFD) Assessment was done. This process allowed for the main requirements of the product to be explored along with other factors important to the design such as control and noise factors that would influence to product. Figure 3 shows a Functional Means Analysis (FMA) that was completed by the team as part of this process. This table shows the function that were identified by a QFD 1 functional importance assessment completed by the team. Against these identified important functions means of executing them have been listed, with the most credible means highlighted for further analysis.Figure 3
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Description automatically generated]Another tool that was used in this process was to rank the importance of features. This was done so that the most important areas could be identified and focused on during the development process. Figure 4 shows a feature importance assessment that was carried out by the group. From this table the most important features were identified as the detonators and the booster. The other important features identified from this process were the casing of the munition and the overall shell body. Because of this particular attention was made when choosing the material properties and design of these components. Figure 4

 
2 [bookmark: _Toc165898578]Background Research
2.1 [bookmark: _Toc165898579]NATO System

To begin the task the first step was to research already existing systems currently in service. The first of these looked at was the previously mentioned Charge, Demolition Rapid Crater Kit MK.2 in service with NATO and the British Army [1]. This kit can be seen in figure 5. The components of this kit include:
· NR 51 HEXATONAL 15KG Crater Charge (HMX/TNT) [1]
· NR 50 11KG Charge Shaped (TNT/RDX) [1]
· 13/28A 2KG Primary Charge (PE-8) [3].
· L1A2 Demolition Detonator Non-Electric (Lead Azide/PETN) [1].
· L5A1 Detonating Cord (PETN) [3].
· [image: ]Single Pin Shock Tube Initiator Mk-31 [4].Figure 5

 
The MK.2 Cratering kit is used by the operating team first creating an initial hole, this is done via the use of a shaped charge blasting the ground or by digging a hole using an intrenching tool. Once this initial hole is created the 13/28A primary charge is then inserted acting as a booster, this then has the L1A2 non-electric detonator connected to L5A1 Detonating cord inserted into the primary charge. The main charge filling is then poured from two bags in the form of powder. Once both bags are emptied the. After reaching a safe distance away from the area the Detonating cord is then activated using a Mk-31 shock tube initiator [5]. The resulting crater formed is large enough to be used as cover for several personal and can also act as a means of denying access to vehicles, tanks, and aeroplanes if used on a runway. 

 

[bookmark: _Toc165898580]2.2 	US Army System

The second preexisting system that was explored in the background research by the team was the 40lbs cratering charge currently in service with the US Army. This cratering kit shares some similarities with the British / NATO counterpart however it has some differences. The Cratering kit can be seen below in figure 6. The components of the US Army kit include:
· M112 1.25lbs Demolition Block (C4) [6].
· M3 40lbs Shaped Charge (Composition – B) [7]
· 40lbs Demolition Charge (Composition – B) [7]
· M81 Shock Tube (HMX) [8]
· [image: ]M7 Non-Electric Detonator (Lead Styphnate/RDX) [9]Figure 6


Similarly to the Mk.2 kit the 40lbs cratering charge can use either a shaped charge or hand entrenching tools to create the initial hole for the kit. After this initial hole has been created by the M3 shaped charge or hand dug an M112 Demolition block is then prepared. This is done by splitting the block of C4 lengthwise down the middle, this allows for an M7 detonator to then be inserted and sealed in place with duct tape. This detonator is connected to a M81 shock tube connected to a ring pull initiator. This assembly is then taped to the middle of the M3 40lbs demolitions charge and inserted into the hole that has been dug and detonated [10]. The crater that is formed from this explosion as with the other kit is large enough to be used as cover for soldiers and deny vehicle access to locations. 






[bookmark: _Toc165898581]2.3 	Explosives Research

As previously discussed, it was discovered in the existing product research that several different types of explosives are used in currently in service cratering kits. However, to fully meet the customer requirements and demonstrate ALARP (As Low As Reasonably Practicable) safety further research was undertaken into alternative explosives. This was primarily done by the Research and Design Engineer, Safety Lead Engineer, and the Production and Manufacturer Lead. This was done as these roles were identified as the primary stakeholders for explosive compositions. To begin this research the explosives identified as being used in cratering kits already were analysed. This included the types of explosives used in the Shaped Charge, Booster, Main Charge, Shock Tube, and Detonator. This included looking at the properties of each of the explosives currently in use such as RE (Relative Effectiveness), Density, Sensitivity, and Melting point. 
From this research it was found that both versions of cratering kit that were looked at both used TNT (Trinitrotoluene) significantly, being used in the main charge and shaped charge of both kits. As TNT has a relatively low RE and is more sensitive to insult then other forms of high explosive it was decided to use an alternative explosive [11]. The explosive that was selected as a replacement for this was PBX 9502 [12]. This was chosen as it is an extremely insensitive explosive and is fully IM (Insensitive Munition) compliant [12]. Additionally, this explosive has a very high melting point (350°C), Stability, and detonation velocity of 7350m/s [12]. As this is a Polymer Bonded Explosive (PBX) it this allows for safe low temperature pressing, safe machining and increased shock absorption from the polymer matrix [13]. 
The explosives research also looked at the booster charges used by both in service designs, with the NATO design using PE-8 and the US Army design using C4 [11]. Both explosives are RDX (cyclotrimethylenetrinitramine) based PBX, because of this both can begin to exude leak liquid at high temperatures and break down [14]. This makes both unattractive options for the cratering kit as the requirement for use in desert conditions may reach this limit while stored. Because of this Rowanex 3601 has been selected for use in the booster. This is because it has very similar performance to other PBXs such as C4 and PE-8 being RDX based. However, as Rowanex 3601 is RDX and TATB (triaminotrinitrobenzene) based during accelerated aging testing after being stored at 60°C for 6 months no deterioration was found [15]. Additionally, Rowanex 3601 has increased stability and is more insensitive when compared to other RDX based PBXs. 
The final item investigated for the explosives research was the shock tube and detonator, both designs of cratering kit use a shock tube to initiate the main charges. An exploding bridge wire detonator was discussed for use in the cratering kit however this was ruled out due to the higher cost. Due to HMX having a higher blast wave and performance then PETN it was decided to use this in the shock tube. Because of the performance of HMX less material is required to transfer the shock wave along the length of the tube [11]. Additionally, HMX is easier to ignite then PETN in a shock tube allowing for an easier detonation process. HMX is also much more commonly used in shock tube making it easer to procure and cheaper per meter of tube. 



[bookmark: _Toc165898582]3 Design Process

3.1 [bookmark: _Toc165898583]First Ideas

After conducting the QFD, functional means, and feature importance assessments the Design, Manufacturing, and Research members of the team began working on concept designs. The image seen below in figure 7 was produced by the Manufacturing lead as a concept for how the kit would operate. This version of the kit featured and ground auger instead of a shaped charge as I was agreed by the whole team eliminating the shaped charge would reduce the hazards and complexity of the kit. This was also done as part of the modularity change to the kit as a ground auger allowed for several hole to be drilled and could be re used unlike a shaped charge. The concept ground auger could also be used used via and electric drill or with a hand attachment.
Another unique feature to the concept idea was the use of an Exploding Bridge Wire (EBW) detonator. This was added to the design as it was assessed as improving safety in the function means assessment. Another important feature of this design was the modular segmented charge. This meant that the system could have variable explosive yields depending on the user requirements as a joining mechanising allowed for as many main charges to be connected as the user desired. As shown in figure 7 these main charges displayed in yellow would be connected and have a booster charge placed on top that did not allow for a connection on top of itself. This booster charge instead had a cavity which allowed the detonator to be inserted and then electrically activated causing the detonation and forming the crater. 
[image: A collage of a game

Description automatically generated]Figure 7




3.2 [bookmark: _Toc165898584] Refined Design

After the concept idea for the design had been created it was then review by the entire team. In this review the some of the design features were further developed and others changed. This can be seen below in figure 8 with the locking mechanism for the charges being changed from a friction fit into a twist locking mechanism. This was done improve the performance and ease of use of the product, as a locking mechanism prevents the charges from separating and ensures contact to allow for the detonation wave to uniformly continue downwards. Additionally, the bevel was removed from the geometry of the casing to maximise volume for explosive fill and create a uniform cylinder. 
Other changes that were made during this review were driven by feedback from the team, this included changes to the proposed fill, method of initiation, and booster composition. Initially it was proposed that TATB be used as the explosive fill however the explosives research conducted by the Manufacturing and the Research engineers changed this to PBX 9502. This was done because of the improved material properties of the explosive mainly the polymer properties.  A similar change was made to the booster, in the previous interaction the booster occupied the entirety of the “Starter Charge” section shown in figure 8 in red. However, this was deemed unnecessary large, so it was decided to do a partial fill of the main charge filling followed by the booster on top to form the starter charge. This can be seen in figure 8 in green, it was also at this stage that it was decided to use another polymer bonded explosive, Rowanex 3601, for use in the booster. 
[image: ]The final change that was made at this stage was to undo the decision to use an EBW detonator. During the QFD process it was decided to change the shock tube for an electronic system on the grounds of increased safety. However, after further research it was deemed excessive by the team requiring much higher energy inputs to achieve detonation and having a much higher cost for detonators, cabling and a firing unit. Because of this it was decided it was more commercially viable to use a HMX based shock tube detonator like that used in the existing US Army crater kit [8].Figure 8


3.3 [bookmark: _Toc165898585]Final Design

[image: A close-up of a computer monitor

Description automatically generated]After a second review the final design was agreed upon by the team. This final iteration features several more improvements upon the refined design. The technical drawing produced by the design engineer can be seen in figure 9 this shows the assembled cratering charge with the starter charge and three main charges attached. As with the previous iterations this design allows for as many segments of main charge to be used as the user requires. The key deference between this version and the others includes a new locking mechanism, alternative booster mechanism and a locking plug. figure 9 shows the new locking mechanism as shown in the scale model demonstrated in the presentation. This improves upon the previous twist locking mechanism by adding a spring mechanism requiring more force to join and separate the charges ensuring they do not become loose. Figure 9

[image: ]The improvements to the alternative booster mechanism can be seen in the starter charge at the top of the assembly as shown Insert figure 10. As with the previous version the starter charge is a smaller charge filled with the same PBX 9502 used in the main charges. However the started charge features a hole in the top covered by a threaded plug, this plug can be unscrewed and a Rowanex 3601 booster charge inserted to use as the booster. This allows for the explosive train to be broken and a smaller amount of the more sensitive composition to be used in importantly stored separately. This is then inserted into the starter charge before use and features a smaller hole for insertion of the detonator and shock tube assembly. Figure 10

 
4 [bookmark: _Toc165898586]Final Product
[bookmark: _Toc165898587]4.1	 External Components

After the design process had been completed it was decided the explosive components and their associated casings would be manufactured in internally by AESI. However, all other components would be externally procured from industry partners. The final product developed by the team can be seen below in figure 11. 
The EPC Start is a portable hand-held spark inducing non-electric detonator initiator [16]. EPC manufacture a commercially available that is suitable for the needs of the CK24 product. This initiator works via a controller containing a battery, when the charge button is pressed the battery then charges a capacitor. When the fire button is pressed, this charge is released creating a spark initiating the shock tube inserted into the top [16]. To keep with the design of other components in the kit there will be a requirement for a custom-made initiator in deep bronze green No.24.
For the auger drill ROTOSHOVEL has been chosen to manufacture a custom-made battery powered drill based on the ROTOSHOVEL max model [17]. To meet the requirements for this product there has been a requirement made to use a 1200w universal motor and to upgrade the drill bit with cobalt steel shaft and tungsten carbide cutting tips. This is so the auger has enough power and is strong enough to dig into all surfaces the product will be used on such as rocky surfaces and concrete. 
[image: A collage of different types of electrical equipment

Description automatically generated]Figure 11




[image: A red and black rectangle with black lines

Description automatically generated]The EBAD Shock tube assembly is a shock tube detonator made for military demolitions [8]. An example of the detonator used in this can be seen in figure 12. This shock tube is water, high voltage, lightning, electrostatic discharge, and radio frequency resistant. This gives the product considerable safety and performance benefits when compared to electric detonation. The assembly works by using a hollow tube lined with a thin layer of HMX explosive that once initiated transfers a shock wave to a lead styphnate and RDX detonator. When in its packaging the shock tube has an explosive hazard division of 1.4s meaning that any effects are contained within the packaging. The design of the detonator used can be seen below in [insert figure]. The shock tube itself can be bought in reels from 10m up to 760m [18], for the purposes of the CK24 product it was decided based of standoff calculations that 200m of tube would be provided in each kit. Figure 12

[bookmark: _Toc165898588]4.2	 Internal components 

As mentioned previously the components relating to the Booster, Starter Charge, and Main Charge will be manufactured by AESI. As previously mentioned, the starter charge as shown in figure 13 forms the top of the charge and contains PBX 9502 with a hole capped with a plug. This casing is made from ABS plastic and features an PVA conductive liner to prevent static buildup. The booster is formed of Rowanex 3601 and is PVA coated for antistatic protection and structural integrity. The main charge is similar to the starter charge having the same diameter casing and explosive fill with liner but is taller and features joining points on the top. The save PVA liner is also used with both components being painted with the explosive quantity and identification as shown below in figure 13.

[image: ]
                                                                                                       Figure 13



[bookmark: _Toc165898589]5 	Manufacturing process

[bookmark: _Toc165898590]5.1	 Casing

To manufacture the explosive components the first stage is to make the casing that they will be used in. To do this several different techniques were explored along with different materials. During the QFD process a metal casing for the explosive fill was ruled out, this was because one of the main uses of the cratering kit is to produce cover for troops to use as cover. If a metal case was used there could be large sharp metal fragmentation in the crater after detonation. Because of this it was decided to use a plastic casing that would break up into small fragmentation and be largely destroyed by the explosion. 
To manufacture this plastic casing several different production methods were explored such as thermoforming, 3D printing, and blow moulding. However, due to the thickness of the case required injection moulding has been deemed the best option. After researching different machines, the BOY 90E machine was chosen for this process which can be seen in figure 14 [19]. This injection moulder features large injection nozzles, a rapid air-cooling system, and space for large enough moulds to manufacture both sizes of casing [19]. This process would work by pouring pellets of ABS plastic and a dye into the hoper on the top of the machine, this is then heated and mixed before being hydraulically pressed into an aluminium mould. For this process several of these machines could be used to produce the casings with each being dedicated to either starter or main charge casing. To produce the casing the most viable option would be to mould each casing in two halves which would later be joined after the explosive has been inserted.

[image: BOY 90E PRO - from STOCK]Figure 14




5.2 [bookmark: _Toc165898591]Explosive Fill Machines

To form the types of charges several machines will be required to process the materials, this includes a mixing machine, press, dip coating machine, and a CNC drill. To do this an Alphie production mixer, Beckwood 40-ton powder press, Bison Machinery CNC pillar drill, MTI Rotary press, and MTI dip coating machine have been selected. The Alphie production mixer shown in figure 15 is a 3D tumble mixer meaning that the composition is mixed by turning the drum rather than an internal mixer [20]. This is beneficial as it reduces friction decreasing the chance of friction induced detonation of the composition. The mixer is specifically designed for explosive process and features remote operation and a removable drum allowing for safe and easier operation [20].
[image: Meyer SR32 Geared Head Pillar Drill 415V][image: 30 Ton 4-Post Powder Compacting Press][image: Explosive Powder Mixer | Ammunition Powder Mixer | Explosive Blending]The beckwood 40-ton powder press shown in figure 16 like the mixer also features remote operation allowing the operator to use the machine from a safe distance [21]. The press operates with an automated hopper allowing the mixed explosive to added to the mould and pressed without the operator being present. Due to the large size of the main charge a large press capable of high pressure was also required to ensure the correct density of the explosive fill. The Bison machinery CNC shown in figure 17 was also selected for similar reasons allowing for the pressed explosive charge to be drilled from a remote location. This CNC drill is also designed to operate at slow speeds and features an inert gas cooling system to prevent a build of heat from friction in the material [22].Figure 15
Figure 16
Figure 17

[image: 8T Rotary Electric Oil-free Press with 16-position for High Throughput  Pellet Sample Preparation - YLJ-10RM][image: Our dip moulding production | LoVen special products]As the booster is smaller than other explosive components the 40-ton press is not needed. Because of this an MTI rotary powder press shown in figure 18 will also be used allowing for continuous pressing of powder fed from a hopper [23]. This machine also features an automatic pressure cut off to prevent the mixture from being over pressed and is pressured with inert argon gas for safety. The final machine to be used is an MTI dip coating machine to apply a protective coating to provide structural integrity and form a conductive layer to protect the explosive from ESD [24]. This can be seen in figure 19 and is thermoplastic suitable machine allowing for large quantity manufacturing.Figure 18
Figure 19

5.3 [bookmark: _Toc165898592]Explosive Fill Process

To manufacture the explosive fill for the main and starter charge as previously mentioned PBX 9502 has been selected for use. The composition of this explosive is 95% TATB and 5% Kel-F 800 binder acting as a plasticiser. This binder increases performance, shelf life, stability and allows TATB to hold a form. Powdered TATB will be added to the tumble mixer along with the Kel-F 800 binder which when fully mixed will form the PBX 9502 [12]. This mixture will then be poured into the 40-ton press hopper, this hopper will then pour the mixture into a steel mould that will be pressed to achieve the desired density of PBX 9502. This will be done with several different presses to allow for the two sizes of charge to be formed. For the starter charge this pressed explosive will then have a hole drilled out of them top allowing for the booster to be inserted when the kit is used. 
To protect the explosives from ESD insult they will then receive a dip coating of PVA plastic from the MTI dip coating machine. After this layer has cooled the explosives can then be placed into the correct casing depending on if the explosive is a main or starter charge. This casing is then sealed together using an adhesive and painted to mark the contents of the kit. For the starter charge the threaded plug will then be screwed onto the top of the case to protect it from any debris before being removed for use of inserting the booster. The finished charges will then be packaged for storage and use.
For the booster a similar manufacturing method will be followed. As the booster uses Rowanex 3601 which is 65% TATB, 35% RDX, and 5% Viton binder an Alphie 3d tumble mixer will also be used to form this composition [15]. To prevent contamination this will be a separate machine of the same make as used to make the PBX composition. One the explosives powder and binder has been mixed this will then be poured into the rotary press hopper, this hopper will then feed the mixture into a bed of rotating moulds allowing for an automated and continuous pressing cycle. These pressed booster cylinders will then have a small hole drilled out using another separate CNC pillar drill, allowing room for a detonator to be inserted. These drilled boosters will then be loaded onto the PVA dip coating machine to receive a protective coating. These boosters will then be packaged for use and stored separately from the main and starter charges.









   
6 [bookmark: _Toc165898593]Operation of Kit
[bookmark: _Toc165898594]6.1 Use of kit

When I use the CK24 cratering kit will consist of a ROTOSHOVEL auger drill, EPC electric start EBAD shock tube assembly, booster, starter charge, and three main charges. The first stage is to use the battery powered auger drill to create a hole in the ground roughly 20cm wide and 1m deep. Once this is done the explosives can then be removed from the packing, the starter charge is then twisted and locked into place with a main charge. This process of attaching main charge segments can be repeated with as many charges as needed with the depth of the hole being the only limiting factor. Once this has been completed the cap on the starter charge can then be undone and the booster inserted, the detonator at the end of the shock tube assembly can then be inserted into the booster. The entire assembled product is then lowered into the hole and shock tube spooled out to a safe distance depending on the terrain with a maximum distance of 200m possible. Once at a safe distance the other end of the shock tube assembly is then inserted into the EPC start, the charge button is then pressed and once a light signal is given the fire button will detonate the explosives. The resulting explosion will produce a crater that can be used for either cover, area denial, or demotions. 

[bookmark: _Toc165898595]6.2 Calculations

To determine how effective the crater kit will be when it is used the first step is to work out the Net Explosive Quantity (NEQ). To be comparable to the cratering kits currently in service that were researched it was decided to use similar quantity of explosives. Figure 20 shows the NEQ calculations for all explosive components used in the CK24 cratering kit showing both the net NEQ and the TNT equivalency worked out by the RE (Relative Effectiveness) of the explosives used [11]. From these calculations when the booster, starter charge, and three main charges are added together a NEQ of 22.714kg or 26.705kg TNT equivalent is achieved. 
[image: ]Figure 20





As shown in figure 21 and figure 22 the researched cratering charges currently in service with NATO and US Army forces have a much higher total TNT equivalent [11]. This is because these designs use a shaped charge at the start of the process while the CK24 product uses an auger drill. When this is considered the USA army NEQ of 24.49kg and NATO NEQ of 42.6kg for the explosives responsible for the cratering effect shows they have more similar quantities. It is also worth noting that the CK24 can increase the amount of explosives used in 8kg segments. This means the effect generated can be larger or smaller than that of the in service kits depending on the need of the user.
[image: ]Figure 21
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7 [bookmark: _Toc165898596]Conclusion 
[bookmark: _Toc165898597]7.1 Discussion

The CK24 crater kit developed by the team has aimed to meet all requirements set by the user for an IM compliant rapid cratering kit to be used in all climates. This has been demonstrated in both this report and in the group, presentation delivered to the stakeholders. This has been done by analysing the requirements set and determining the best approach to deliver a solution. The team then engaged in background research to determine what products are currently used and how they could be improved on. The information found from this research was then applied to several iterations of designs unique to this task with attention being paid to material properties and manufacturing techniques.  To effectively complete this task, the sections were divided up with individuals focusing on specific areas of Research, Design, Manufacturing, Safety, Transport, Trials, Disposal. As the manufacturing engineer lead this report has primarily focused on the sections of the task relating to manufacturing and its associated activities. The methods in which this product would be manufactured have been explained with choices relating to specific processes and machines justified. This has been to prove the concept of the CK24 cratering kit is credible and possible to implement from the work that has been completed as part of this portfolio.
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