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Introduction
This report presents a munition design developed by an Ordinance Munitions and Explosive (OME) design team using a systems engineering approach. The design team was commissioned by the primary stakeholder to create an explosive munition capable of neutralising multiple targets within a second-story office building, while confining its effects to the communications room to minimise collateral damage. Furthermore, this report further examines the High Explosive (HE) subsystem, identified by the design team as the most essential component of the overall system.


[bookmark: _Toc199764670]Requirements
During a Gemba visit, the customer requirements were gathered. This Gemba visit included interviewing the stakeholders such as the main customer and end users to obtain the basic expressed functional and non-functional requirements required of a new OME system. The design team then evaluated these requirements and sorted them into groups such as: performance, logistics, safety/legislation and manufacturing requirements. The design team identified additional requirements that were not initially expressed by the stakeholders. While these requirements are not always expressed by the stakeholders they are expected and therefore critical for customer satisfaction. 
To identify the most important requirements a pairwise comparison was completed by the design team. This included comparing the requirements to each other and assigning a value to each dependant on whether one requirement was more important to the design than the other. See Figure 1.
As shown in Figure 1 the most important requirement identified by the design team was “The munition shall be capable of defeating multiple targets in an area (six operatives and three terminals)”.
[image: A chart with green bars

AI-generated content may be incorrect.][bookmark: _Toc199760038]Figure 1 Rationalised requirements set from the stakeholders



[bookmark: _Toc199764671]Critical System Functionality 
A function flow diagram was used to discover functions and interactions of an excising system. A few key functions that the design team identified were, the users loaded the munition manually to the drone and the target was acquired with a laser. These functions were added to the wanted functions of the design concept. 
Figure 2 shows the function flow diagram for a similar design.
[image: A diagram of a process

AI-generated content may be incorrect.] [bookmark: _Toc199760039]Figure 2 Function Flow Diagram



[bookmark: _Toc199764672]QFD-1
The requirements were compared to the basic functions desired by the new concept. The design team rated the functions against each requirement to determine if the which function was the most critical to the new design concept. Figure 3 shows that arming the munition is the most critical system function as it scores the highest as most of the requirements have influence on this function.

[image: A graph with green bars

AI-generated content may be incorrect.][bookmark: _Toc199760040]Figure 3 QFD-1 for the design concept




[bookmark: _Toc199764673]Concept Derivation and Design Choices

[bookmark: _Toc199764674]Function Means Analysis
The design team completed a Function Means Analysis (FMA), see Figure 4, to list design solutions for each desired function of a new system. The design team were encouraged to use some blue sky and outside the box thinking ideas.  Three concepts were then derived from the solutions for each function. These consisted of a drone mounted system, a shoulder mounted system and a robot mounted system. 
[image: A screenshot of a computer

AI-generated content may be incorrect.][bookmark: _Toc199760041]Figure 4 Concept FMA



[bookmark: _Toc199764675]System Pugh 
Using a System Pugh, each concept was evaluated by the design team and compared to the requirements set to determine if the concept would meet, exceed or underperform. 
The shoulder mounted system ranked the best at meeting the requirements, see Figure 5.
This is an example of how the tools were used to guide the design team towards the best possible outcome, although that option was ultimately not selected due to the shoulder mounted concept having large similarities to an existing system already in service. Therefore, the drone mounted HE/frag system was chosen by the design team. 


[image: A screenshot of a document
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[bookmark: _Toc199760042]Figure 5 System Pugh
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Concept Munition Design

[image: A yellow and black handle

AI-generated content may be incorrect.]Computer Aided Design (CAD) software was used to create a design concept for the use in project management meetings, see Figure 6, This concept shows the fragmentating sleeve in black and the HE fill in yellow. It also shows how another subsystem containing the booster and base detonating fuse would interact with the munitions main fill and case.
[bookmark: _Toc199760043]Figure 6 Initial CAD design of concept

[bookmark: _Toc199764677]Potential Failure Mode 

[bookmark: _Toc199764678]Failure Modes
A system failure can be linked to 5 potential failure modes, these are listed below:
· Full failures – The system or subsystem is completely broken down.
· Partial failures – The System is still functional, but some components are not functioning properly.  
· Intermittent failures – Failures occur irregularly with no identifiable pattern of occurrence. 
· Degraded failures - Weakened parts of the system cause fatigue over time. 
· Unintentional failures - External factors are to blame [1].

[bookmark: _Toc199764679]P-Diagram
The design team created a P-diagram to identify potential noise factors that could affect the HE/Fragmentation main fill subsystem of the munition. These noise factors can contribute to subsystem failure if left without monitoring thus control factors were discussed to limit or monitor the noise factors to mitigate subsystem failure.
The P-diagram contained external, manufacturing, human and determination noise factors that effect the subsystems desired output of fragmentation scattered omnidirectionally within the target area using a high explosive.


[bookmark: _Toc199764680]What, Why Table
These noises and controls from the P-diagram were fed into a what why table to identify what noise factors have the most impact on the system and compare these to the control factors. 
The noises most critical to the function of the system with the higher relationship values are shown in Figure 7, They are ‘Poor training of manufactures’ and ‘Employee fatigue’. These are both Human factors. These noise factors have a strong relationship with the control factors shown in Figure 8, These are ‘Fill level of HE’ and ‘Density of HE’. These controls are critical and must be tightly controlled or the system will fail. These control factors were further explored in the manufacturing of the HE/Frag fill in the ‘Manufacturing’ section of this report. 
[image: A graph with green bars
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[bookmark: _Toc199760044]Figure 7 Noise Factors

[image: A graph with green bars

AI-generated content may be incorrect.][bookmark: _Toc199760045]Figure 8 Control factors





[bookmark: _Toc199764681]Critical Design Features 
[bookmark: _Toc199764682]QFD-2
A QFD-2 chart was used to identify potential failure modes of a system by comparing each design feature to the required functions. The highest rated design feature identified was the camera feed, See Figure 9, The design team discussed this and decided to have the camera feed and beam riding functions provided by the systems launch platform, a JACKAL Drone [1]. These design features were identified as critical as they have the most impact on the munition being able to correctly identify and track the target, the functions with the most importance to the requirements. 
However, as these features were not munition design related and part of the drone system, the OME design team concentrated on the HME/ Fragmenting fill of the munition as this is how the munition would deliver its effect and without the main charge functioning the munition would not be meeting its requirements of defeating the target.
[image: A graph with green lines

AI-generated content may be incorrect.][bookmark: _Toc199760046]Figure 9 QFD-2 for the concept





[bookmark: _Toc199764683]Manufacturing Processes 

[bookmark: _Toc199764684]Manufacturing Requirements 
The design team first developed requirements list for the manufacturing for the main fill subsystem of the munition. The costs were to be determined later, however were added to identify their relative importance to the manufacturing process. 
Requirements list:
Manufacturing Costs
Labour
Equipment capital cost
Service / Operating Cost
Set up cost
Material Cost - Metal Bits
Material Cost - Energetic Bits
Material Cost - other
Maintenance Cost
Manufacturing Capacity
Target production rate XX per month (TBD)
Reliable Manufacture
Repeatable performance
Effective Maintenance
Low system outage
Quality
Defect Free
Effective test and inspection
Safety
Explosive
Non-Explosive


[bookmark: _Toc199764685]Manufacturing Function Flow
A function flow of the manufacturing process was created to ensure that all process steps were captured. The quality and testing steps were also added, see Figure 10, This manufacturing flow was created during a visit to a munition manufacturing company and discussing the process of manufacture with the lead manufacture in the design team. 

[image: A computer screen shot of a diagram

AI-generated content may be incorrect.][bookmark: _Toc199760047]Figure 10 Manufacturing function flow diagram



[bookmark: _Toc199764686]Manufacturing QFD-1
The design team completed a QFD-1 for the manufacturing process to identify the critical processes of manufacturing the high explosive fragmenting fill of the munition. The function flow diagram and the Non-Functional System requirements were used to populate QFD-1. The outcome of QFD-1 for manufacturing, the process control chart, is shown in Figure 11. This figure shows the most critical manufacturing process for the HE subsystem was mixing the HE, closely followed by examining the HE fill for voids and cracks.  This highlighted the requirement of quality control for the manufacturing process which is stated on the original list of requirements for the whole system.

[image: A graph with green lines
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[bookmark: _Toc199760048]Figure 11 Manufacturing QFD-1







[bookmark: _Toc199764687]Function Means Analysis
The design team then created a function means analysis for how each manufacturing process would be completed see Figure 12. The design team then picked a means of delivering each process from the list. There were two different approaches one for automated mixed with human, see Figure 12, in light blue and the other a next generation, with the use of AI, in purple. These ideas we discussed within the team and without the technology advancements required by the next generation approach the automation approach was selected. 
[image: A table with text on it
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[bookmark: _Toc199760049]Figure 12 Manufacturing FMA


[bookmark: _Toc199764688]Manufacturing QFD-2
A QFD-2 was then completed to identify if the means met the functionality of the manufacturing process. The most important means identified was, let set in a temperature-controlled room, see Figure 13. Thus process reduces the chance of voids and cracks forming in the main fill and thus ensuring a quality product. This identified that there must be more assurance and quality control in this area of manufacture.
[image: A graph of a number of green bars

AI-generated content may be incorrect.][bookmark: _Toc199760050]Figure 13 Manufacturing QFD-2



[bookmark: _Toc199764689]Manufacturing QFD-3
The design team then complete a QFD-3 to identify the critical manufacturing processes compared with: the most important design features, from system QFD 1 and from the systems P-diagram, the most important design control factors and most important noises. Figure, 14 shows that the most important processes are “Let To Set In Temperature Controlled Room”, “Scanned with Belt Fed X-Ray to Check Quality” and “Any Anomalies with Scans Checked Manually”. 

[image: A graph showing a process techniques

AI-generated content may be incorrect.][bookmark: _Toc199760051]Figure 14 Manufacturing QFD-3



[bookmark: _Toc199764690]Manufacturing P-Diagram
A P-diagram was completed after identifying the important processes. The P-diagram identified the noises and controls for letting the explosively filled shell set in a temperature-controlled room, see Figure 15 and Figure 16. As this is an important process identifying noises that may have an effect of this helps the design team develop control to mitigate these noises and allow for a fully cured, HE shells with no voids or cracks capable of meeting the manufacturing requirements of “Defect free” and “Reliable manufacture” and the stakeholders performance requirements. 
The best controls identified to nest manage the noise factors are shown in Figure 15. They are “curing time” and “humidity” these controls could be managed with an ATEX-rated system which is designed to operate safely in explosive atmospheres and are also used in ammunition storage, mining and the oil and gas industry [3].
[image: A graph with green bars

AI-generated content may be incorrect.][bookmark: _Toc199760052]Figure 15 Manufacturing P-diagram controls
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[bookmark: _Toc199764691]Waste and Disposal

[bookmark: _Toc199764692]Disposal
The MOD policy for disposing of munitions mandates it must be completed in an environmentally responsible way and the pathways for disposing of the munition must follow defence regulations in JSP 762 Part 2  [4] and JSP 886 Volume 2 Part 404- The Disposal of Inventory [5].
Reasons for Disposing of ammunition:
Capability is no longer required 
Legislations changes
The full quantity has not been consumed 
Has met its designed shelf life or expired 
Unserviceable [4]
If the shelf life of the munition is nearing the end or the munition is damaged, it will follow the LPTA disposal process. A LPTA Demilitarisation Nomination form [4] will be filled out. This will only be used for small, damaged quantities of the munition [4].
There are 5 main ways of disposing of explosive waste:
Functioning the munition in its design mode
Burning
Detonation
Dissolving or diluting by a solvent or
Chemical destruction (including bioremediation) [6]
Any surplus of stock of the munition will be disposed of by sale under Condition Code D1 [4]. This is better for the environment and will recovering costs of over production of the ammunition.


[bookmark: _Toc199764693]Waste
 Manufacturing, processing and disposing of explosives creates contaminated waste that requires specialist disposal according to DSA OME Part 2 Chapter 19 [4]. 
Explosive waste created by manufacturing will be separated from all other waste to be disposed of separately according to DSA OME Part 2 [4]. Waste should be removed from the process area at least daily. Disposal of this waste should follow the requirements of Environmental Legislation JSP 418 [4]. A waste supervisor will be used in the manufacture of the HE for the munition to ensure that the manufacturing process stays within the law and is safe.
The waste management process will be outlined in the Risk Assessment (RA) for manufacturing in a MOD format, [7]. 



[bookmark: _Toc199764694]Conclusion
The explosive munition design benefited from the system engineering approach as it gave the design team structure and provided more visibility into the design process and the interactions of the subsystems within the system. 
Although the process is long and time consuming looking at each component and comparing it to the requirements of the system it does mean that each feature has a function and is not added to the design for no reason. It also keeps the design team constantly reflecting on the requirements of the system and ensure that the product will meet or exceed them. However, this does mean that a new product could take several years to reach completion which in turn drive the cost of the product higher and not meeting the requirement of cost effectiveness.
Another system engineering approach to design is Model- based system engineering (MBSE) [9]. This uses models as the tools to aide with time efficiency in the modern era. This system can be used to identify more modern failures and risks such as mitigating security risks early in the development rather than adding the security features last. However, this new technique requires information gathered from other existing products similar to the one being designed and developed, therefore may struggle with novel and unprecedented concepts [9].
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