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This assignment will show and highlight the main steps to a successful Group Project. For the Group Project the team was asked to re-design the already widely used Charge, Demolition Rapid Crater Kit Mk2 which has been used by the Royal Engineers for many years. Roles were allocated to each member of the team who had their own responsibilities in order to help in the whole process of the project. The roles that have been allocated are:
· Design
· Test and Evaluation
· Safety
· Manufacturing
· Breakdown and Disposal
The project was conducted using a series of established systems engineering tools to help guide the team in the right direction and to keep everyone in order.
There were six main requirements given in the briefing for the Group Project that the team had to work on, they were:
· Compare the performance for the new formulation to existing formulations
· Obtain Safety Data
· Propose a design for the Cratering Kit
· Recommend a Production Route
· Describe the manufacturing to disposal sequence (MTDS) and propose packaging
· Propose a series of trials to prove the device meets the MTDS requirements. 
With these steps set out, it was clear which member of the team had to focus on which requirement individually. 

[bookmark: _Toc165824237]Project Overview

Before any of the initial research began the team firstly came up with a name. They decided to call themselves Advance Explosive Solutions International (AESI). Having a team name gives each individual member all something to work for bringing everyone together instead of everyone focusing on different elements of the project process. 
Following on from allocating a team name, the team then allocated titles and roles to each member of the team based off of what was asked from them in the brief. The titles and roles allocated were:
· Research and Design Engineer
· Design Engineer
· Production and Manufacturing Lead
· Test and Evaluation Manager
· Safety Lead Engineer
· Transport Engineer
· Disposal Engineer
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Once the roles and titles had been allocated, the team got together to identify some of the most important requirements that they wanted to get out of the new Crater Kit they were working on.
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They firstly identified the Implicit Requirements that are essential to the design. Implicit requirements are typically what are just expected and don’t have to be written down [1]. These requirements had to be followed throughout the whole process. They were:
· Enhanced Safety
· Reduced Accidental Detonation
· Mission Flexibility
· Compliance with Regulations
· Operational Effectiveness 
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Once the Implicit Requirements were set and agreed on the team identified some requirements that the customer/user would want from the new designed Crater Kit. As there is only realistically one main goal from the Cratering Kit in terms of the job it is supposed to do, that meant that the key customer requirements were relatively easy to cater for. The customer requirements were:
· The Cratering Kit that the Cratering Kit is Insensitive Munition (IM) compliant
· The Cratering Kit must create a final crater diameter of anything larger than 4m and anything less than 10m
· The Cratering Kit must create a penetration depth of between 3m-7m deep
Now that the requirements have been set it was time to do some research onto the existing Crater Kits on the market today.
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The team came together to conduct this part of the process. The reason being, with each team member doing their own research into the existing kits it would give them more knowledge overall on the topic set in the brief, ultimately helping them to understand their role to be able to meet their individual requirements.

[bookmark: _Toc165824242]What is a Cratering Kit?

A Cratering Kit is a specialized set of tools and explosives used by the military to rapidly create craters. These craters are often for tactical purposes such as obstructing enemy movements or destroying infrastructure. The kits are designed for quick deployment and may include explosives, detonators, and all of tools necessary for excavation and placement. Ultimately, they enable military units to create obstacles or alter terrain swiftly in various operational scenarios. [2]
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There are various types of Crater Kit available and they come in all different shapes and sizes. Different countries use different types of crater kit which all have different ways of working. These kits come with all of the required tools and equipment in order to ultimately create a crater in the ground in order to obstruct the enemy. They each come with different explosive compositions as well as different means of ‘making them go bang’.

US Army 40lb Cratering Charge
Research was firstly conducted on the 40lb Catering Charge used by the US Army. It was identified that within this kit the US Army used: [3]
- M112 Demolition Block packed with C-4 [4]
- M3 40lb Shaped Charge filled with Composition B (*)
- M19 Shock Tube Detonator lined with HMX
- 40lb Demolition Charge filled with Composition B (*)
- (Composition B is a mixture of RDX/TNT and a WAX) *
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(Figure 1 – US Army 40lb Cratering Kit) [5]

NATO Rapid Crater Kit Mk 2
The team then did some research on the NATO Rapid Crater Kit Mk 2. It was identified that within the kit NATO used: [6]
- 2 x 15kg Hexagonal Charges filled with TNT/HMX
- 11kg MR50 Shaped Charge filled with RDX and TNT
- Primary Charge 28A filled with RDX
- M19 Shock Tube Detonator filled with HMX 
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(Figure 2 – NATO Rapid Crater Kit Mk2) [7]
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[bookmark: _Toc165824245]What is a QFD Assessment?

QFD stands for Quality Function Deployment. It is a method used in product development to translate customer requirements into specific product features and to prioritize those features based on customer needs. It helps ensure that a product meets customer expectations and requirements.

The Teams QFD 1
Within the project QFD 1 – Functional Importance’s was undertaken in order to gauge which of the steps in the process of using the Crater Kit is the most important. This can be seen in (Figure 3) below.
[image: ]








(Figure 3 – QFD 1 Functional Importance’s)
As can be seen above in (Figure 3) it was identified that initiating the effect of the Crater Kit was the most important functional step, closely followed by the booster being initiated and producing the overall final crater. Ultimately, near enough each functional importance is very high up on the scale meaning that the majority of the steps are essential and very important in order for the Crater Kit to work as it is designed to do.
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[bookmark: _Toc165824247]What is Functional Means Analysis?

A Functional means analysis is a systematic process used in engineering and design to understand the functions required of a system, product, or process. It involves identifying the essential functions that the system must perform to achieve its intended purpose, as well as the means by which these functions are carried out. This analysis helps in defining requirements, understanding dependencies, and optimizing the design to meet desired outcomes efficiently.

The Teams Functional Means Analysis
[image: ]In order to complete the Functional Means Analysis, the team inputted all of the functions from the QFD 1 into a table and then discussed lots of possible ways each function could possibly be completed. This is shown below in (Figure 4).

(Figure 4 – Functional Means Analysis)
Once multiple different means had been identified for each function the team had to whittle the ideas down to the best ones. The yellow highlighted squares are reasonable ideas that could work whereas the green highlighted squares show the best idea in each category and are the ones that the team would go forward with. 
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[bookmark: _Toc165824249]What are Feature Importance’s?

Feature Importance’s are pretty self-explanatory; they basically highlight which feature in a full system is the most important. 

The Teams Feature Importance’s
The Features the team had to look at were:
· The Auger Drill
· The Fuze
· The Shell Body
· The Booster
· The Casing
· The Detonators
· The High Explosive
These can all be seen in (Figure 5) below.
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(Figure 5 – Feature Importance’s)
As can be seen above it is clear that the detonator has been identified as the most important feature of the Crater Kit. Closely followed by the booster and then the Shell Body and Casing. Each feature has its own different value that it brings to the whole system however, some are slightly more important than others. Obtaining this kind of result will help in a case of having to pick and choose over certain features if things such as budget came into things. Luckily, with this project this didn’t affect the team.

[bookmark: _Toc165824250]Control Factors

[bookmark: _Toc165824251]What are Control Factors?

Control factors, also known as control variables or independent variables, are variables that are intentionally manipulated or controlled in an experiment or study. These factors are altered or held constant to observe their effect on the dependent variable, which is the variable being measured or observed. Control factors are crucial for ensuring that any observed changes in the dependent variable can be attributed to the manipulated variables rather than external factors. In experimental design, controlling for these factors helps to isolate the effect of the variables of interest and improve the validity and reliability of the results.

The Teams Control Factors
There were six Control Factors the team had to look at, they were:
· Blast Penetration
· Stress Parameters
· Upper and Lower Temperature
· Environmental Variations
· Explosive Variations
· Dimensions 
These six Control Factors can be seen below in (Figure 6).
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(Figure 6 – Control Factors)
It is clear from (Figure 6) that controlling the type of explosive for the Cratering Kit will have the biggest effect on the whole system working as it should. This is pretty self-explanatory as different explosives do different things and have different effects especially ones used for the purpose that the Cratering Kit is used for.
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[bookmark: _Toc165824253]What are Noise Factors?

Noise factors, are variables in an experiment or study that can affect the outcome but are not of primary interest. Unlike control factors, which are intentionally manipulated, noise factors are typically uncontrollable or difficult to control. These factors can introduce variability or random fluctuations into the data, making it harder to detect the true effects of the variables of interest.

The Teams Noise Factors
There were fourteen Noise Factors the team had to look at, they were:
· Dimensional Variation
· Variation in Fill Density
· Material Variation
· Body Size Variation
· Assembly Misalignment
· Material Property Variation
· Auger Drill Wear
· High Explosive
· Initiation System
· Debris Build Up
· Temperature
· Terrain
· Weather
· Human Factors
These fourteen Noise Factors can be seen below in (Figure 7).
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(Figure 7 – Noise Factors)
The biggest Noise Factor that was identified was the Assembly Misalignment, as this is out of the team’s hands and all down to the manufacturer of the Crater Kit then there is nothing the team can do to control this. Therefore, meaning it is a noise factor and a major problem if the Crater Kit is not aligned properly. The Crater Kit will not create the sufficient and designed effect if the assembly is not aligned properly. This is closely followed by the material property variation. A suitable material for the casing has to be selected in order for the Crater Kit to work as it is intended to do.

After completing the noise factors section, the tam then moved onto their individual tasks within their role. Some of the roles that were assigned couldn’t begin their part of the process until other members of the team had completed their section. For example, the transportation safety engineer could not start the research on the rules and regulations without knowing what explosives are going to be used, therefore, they had to conversate with the design engineer in order to come to a conclusion on what rules and regulations they had to look into.
The test and evaluation manager was also in a similar situation as they didn’t know what types of tests needed to be undertaken and what types of explosives were used in the design therefore they had to conversate with the design team just like the transportation safety engineer.

[bookmark: _Toc165824254]Test & Evaluation

This section will go into detail on what types of tests were undertaken on the explosives chosen by the design engineer. There will be two types of tests conducted and the process of how the Test and Evaluation Manager come to gather their results will be shown. 
In order to conduct the tests, the Test and Evaluation Manager had to know what type of explosives were going to be used in the new design of the Crater Kit as well as the different weights that the explosives would be in with the kit. This was ultimately down to the design and manufacturing engineers to conversate between themselves and come up with the best option possible.
Once the two members of the team had selected relevant explosives and weights of explosives the Test and Evaluation Manager could begin their tests.
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After conducting some research into current Crater Kits as a team and using the data provided from the tests conducted, the Test and Evaluation Manager was able to conduct two tests, they were:
· Penetration Depth
· Crater Diameter
These two tests are pretty similar as they all depend on two different factors, the type of explosive used and the amount of explosive used. However, they do have subtle differences. 
Penetration Depth
The penetration depth of an explosive refers to how deeply it can penetrate into a material upon detonation. It depends on factors like the type of explosive, its velocity upon detonation, the density and type of the material being penetrated, and the angle of impact.
Crater Diameter
The crater diameter of an explosive is the diameter of the resulting crater or cavity created upon detonation. It's influenced by various factors such as the type and amount of explosive used, the composition and density of the material it detonates in, and the distance from the explosion's epicentre.

The Tests have been conducted on two different surface materials, soil and concrete. The results from the two tests are calculated using comparisons to the M2A4 Cratering Kit using specialised techniques and calculations to predict results of the back of results captured from tests using this Crater Kit. The explosive booster and charges will be detonated using a non-electric detonator also known as a shock tube detonator.
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After lots of research conducted by the design and manufacturing engineers, the two of them came to the conclusion that the best explosive materials to work with in our design would be:

· The Booster – 0.5kg of Rowanex 3601 (TATB + RDX + Viton Binder, 60/35/5) x1
· Starter Charge – 1.7kg of PBX 9502 (TATB + Kel-F 800 Binder, 95/5) x1
· Main Charge – 6.838kg of PBX 9502 (TATB + Kel-F 800 Binder, 95/5) x3
· Shock-tube detonator – Lined with HMX
Rowanex 3601 [8]
· Rowanex 3601 is an RDX/TATB based PBX
· 35% RDX, 60% TATB, 5% Viton 
· Viton – binder used to improve the stability and performance of the PBX 
· TATB – very stable energetic material, very insensitive, high melting point of 350 degrees, velocity of detonation 7350m/s 
· RDX – high performance energetic material, high melting point of 204 degrees, velocity of detonation 8550m/s 
· This booster was chosen to its performance and stability; it is listed as IM compliant
PBX 9502  [9]
· PBX-9502 is a polymer-bonded explosive consisting of 95% TATB and 5% Kel-F 800 
· TATB – very stable energetic material, very insensitive, high melting point of 350 degrees, velocity of detonation 7350m/s 
· Kel-F 800 – high density, improves performance, increases shelf-life, increases stability 
· PBX-9502 was chosen due to being IM compliant, having a high detonation velocity, low sensitivity, and high stability
Shock-tube Detonator
· Cheap, safe, reliable, insensitive, difficult to initiate accidentally 
· Shock tube – Lined with HMX, Velocity of detonation 2200m/s 
· Dynastart – Cheap, reliable, create a spark to initiate the shock tube

[bookmark: _Toc165824257]Calculations

In order to conduct any tests, it was vital for the Test and Evaluation Manager to firstly, work out the TNT equivalent of each explosive used in the team’s design.
· Booster x1 - Rowanex 3601 = (TATB + RDX + Viton Binder, 60/35/5)
Net weight in our design = 0.5kg with a Relative effectiveness of 1.342
Meaning the TNT equivalent for 0.5kg of Rowanex 3601 = 0.671kg
· Starter Charge x1 – PBX 9502 = (TATB + Kel-F 800 Binder, 95/5)
Net weight in our design = 1.7kg with a Relative effectiveness of 1.17
Meaning the TNT equivalent for 1.7kg of PBX 9502 = 2kg
· Main Charge x3 - PBX 9502 = (TATB + Kel-F 800 Binder, 95/5)
Net weight in our design = 6.838kg with a Relative effectiveness of 1.7
Meaning the TNT equivalent for 6.838kg of PBX 9502 = 8kg
Total product NEQ of: 0.5 + 1.7 + (3x6.838) = 22.717kg
Total product TNT equivalent of: 0.671 + 2 + (8x3) = 26.671kg

Once the TNT equivalent was calculated for the all up weight of the explosives used in the teams design the Test and Evaluation Manager could start conducting the two tests.

[bookmark: _Toc165824258]Results and Findings

As previously stated the TNT equivalent for the teams design is 26.671kg. Using this knowledge and comparing to the M2A4 Cratering Kit which is made up of 15lbs/6.8kg of Composition B which is simply just RDX/TNT in a 60/40 split the test and evaluation manager can calculate the size of the boreholes created by the teams design.
The Composition B used in the M2A4 Cratering Kits has a TNT equivalent of approximately 9.25kg with a relative effectiveness of 1.36. To have an even amount of explosive content with regards to the TNT equivalent, the m=test and evaluations manager must calculate 26.671kg (The teams total TNT equivalent for their design) divided by 9.25kg (Composition B’s TNT equivalent used in the M2A4 Cratering Kit). Which works out to be approximately 2.9.
Therefore, meaning the effects of the teams new design will be around 2.9 times greater than the effects created by the M2A4 15lb Cratering Kit.
Penetration Depth
The first test was conducted in soil. The M2A4 Cratering Kit has a penetration depth of approximately 2.1m in soil. Using the calculations previously discussed the teams design is around 2.9 more powerful than the M2A4 in terms of TNT equivalence. Therefore, meaning the 2.1m penetration depth caused by the M2A4 multiplied by the 2.9 equals approximately 6.1m of penetration depth caused by the teams design.
The second time the test was conducted in concrete. This time the M2A4 Crater Kit only caused a penetration depth of approximately 1.1m in concrete as concrete is much denser than soil and harder to penetrate. Using the same calculations as the last test, the test and evaluations manager can calculate that the 1.1m of penetration depth caused by the M2A4 Kit multiplied by the 2.9 equals approximately 3.2m of penetration depth caused by the teams design in concrete.
The reason the penetration depth isn’t as deep in concrete as it is in soil is because of the density of the materials. The average density of soil is around 1.3g/cm^3 whereas for concrete it is around 2.4g/cm^3.

Crater Diameter
Using performance data from current in-service Crater Kits, on average the crater diameter is approximately around 40% larger than the penetration depth. 
Therefore, in soil the calculated penetration depth was 6.1m at the deepest point meaning the crater that is made as a result of the detonation from the teams design will be: 
· 40% of 6.1m = 2.44m
· 6.1m + 2.44m = 8.54m
The Crater diameter in soil will be around 8.5m wide.
In concrete using the same calculations the penetration depth was 3.2m at the deepest point meaning the diameter of the crater caused by the effects of the teams Crater Kit design will be:
· 40% of 3.2m = 1.28m
· 3.2m + 1.28m = 4.48m
The Crater diameter in concrete will be around 4.5m wide.
[image: ][image: ]Below shows a visual representation of what the two craters will look like in soil and in concrete. Penetration Depth = 3.2m
Penetration Depth = 6.1m
Crater diameter = 4.5m
Crater diameter = 8.5m

(Figue 8,9 – Visual representations of Craters)
As can be seen the total size of the craters are a lot different in size with the crater in soil being 6.1m deep and 8.5m wide whereas the crater in concrete is 3.2m deep and 4.5m wide.
A crater this size made in soil is perfect for stopping enemy heavy artillery such as tanks.
A crater this size made in concrete is ideal for airport runways which will stop enemy heavy artillery such as fighter jets from taking off or landing especially, also aircraft which is used for emergency airdrops or for transporting casualties away from the battlefield.

[bookmark: _Toc165824259]Safe Area and Firing Zone

After undertaking some research on a fragmentation vs ground shock waves, the trials and evaluation manager came to the conclusion that typically ground shock travels further than fragmentation in an open detonation where there is no infrastructure around to create more debris/fragmentation.
Using Pilgrims calculation data, it has been determined that even with an open detonation on the surface the ground shock waves shall travel approximately 193m.
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With the explosives being submerged underground in the teams design this will prevent the shock waves from travelling even as far as 193m as they would with a surface detonation.
With this taken into consideration it has been determined by the Test and Evaluation Manager that a safe distance of 200m would be sufficient enough to stay clear from the effects of the shock waves caused by the detonation.
Knowing this information, it has been decided after conducting these test that 200m is the correct distance that the shock tube detonator needs to be. This will keep the team safe from any effects of the detonation and it means the detonation will still work. After a conversation between the Test and Evaluation Manager and the research and design  engineer it has been confirmed that having 200m of shock tube is fine as the shock tube detonators come in reels of up to 320m. 
[image: ](Figure 10 – Safe Area representation)
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All in all, the group project was a successful one, the team work very well together with each member of the team helping out in their own way. The team worked well as a group at the start of the presentation with identifying customer requirements, conducting background research on existing Carter Kits and ultimately did well at using systems engineering techniques to highlight different importance’s of functions within their design as well as the things that could be changed and things that were constants throughout the whole process. 
[image: ]The Final product created by the team:
(Figure 11 – The Final Product)

Above shows the final product created by the team. The final Cratering Kit included:
· An electric auger for creating the initial hole in any surface material
· A shock 200m Shock tube detonator attached to a Dynastart
· 1 x booster made up of 0.5kg of Rowanex 3601
· 1 x starter charge made up of 1.7kg of PBX 9502
· [image: ]3 x main charges made up of 6.838kg of PBX 9502
(Figure 12 – The Process to Detonation)
Above is the process to detonation from the teams design. It was a simple but effective design that the team went with which worked out great and met all of the customer requirements. The customer requirements that were set out at the start were:
Implicit Requirements - 
· Enhanced Safety
· Reduced Accidental Detonation
· Mission Flexibility
· Compliance with Regulations
· Operational Effectiveness 
Key Customer Requirements - 
· The Cratering Kit that the Cratering Kit is Insensitive Munition (IM) compliant
· The Cratering Kit must create a final crater diameter of anything larger than 4m and anything less than 10m
· The Cratering Kit must create a penetration depth of between 3m-7m deep
Implicit Requirements - 
The kit that the team created was very safe all the way from manufacture to testing and evaluation. There is very minimal chance of accidental detonation as there are lots of parts of the process that have to be in place in order for the detonation to occur. The transport engineer has come up with a great plan to cover all aspects of transport from what types of explosives can be carried with one another to the rules and regulations for explosive transport via, land, air or sea. The design the team have come with for the Crater Kit is very mission flexible and can be deployed at any time following a simple process. The design is compliant with all regulations from transport to being IM compliant all of the way through.
Key Customer Requirements – 
The Crater Kit is definitely IM compliant, meaning all of the explosives used are designed to be less sensitive to unintentional stimuli, such as impact, friction, and heat, reducing the likelihood of accidental detonation. 
Finally, the tests conducted gave great results matching the customer requirements for the crater size. Each test conducted in both surface materials gave results that fall into the need of the customer.
All in all, in conclusion, the group worked fantastic as a team and the plan of a weekly meeting help tremendously throughout the whole process to put each person’s knowledge together to create a great design and product. From the presentation feedback was taken into consideration and any faults made were adjusted to help with this report. 
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