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[bookmark: _Toc171061739]Abstract
This report discusses the manufacturing of a 7.62mm dark ignition tracer and the various systems engineering techniques and tools to establish the important features of the sub-system. The sub-system functionality was identified, so that the means could be generated and justified why they were chosen. Progressing through the report the most important component was identified, and a large consideration was placed upon how that component is likely to fail during the whole Manufacture to Target Disposal Sequence (MTDS). The identified failures were explored so that solutions could be adopted to mitigate against these failures.

The manufacturing process of the 7.62mm ammunition was reviewed to establish the process flow. These processes were compared against the manufacturing requirements to establish critical relationships and the critical processes. With the critical processes being identified, solutions were generated and justified using the systems engineering tool set, which highlights how the toolset can be used at any stage during a systems lifecycle. The solutions were compared to the processes to check the relationships between them and to indicate which solutions had the greatest influence on the desired outcome. The component requirements and manufacturing requirements were compared to identify the critical process. From this, the associated noises and controls were communicated to the systems engineer. The control factors were compared to the process parameters to show which controls are the most important to ensure that increased focus is placed on these during the manufacturing process proposal. Throughout this report, the most critical design and manufacturing aspects were identified and discussed so that the final product has the highest probability of fulfilling the requirements with a high level of reliability.
However, future work should enhance the integration of the system engineering approach to other parts of the Ordnance, Munitions and Explosives (OME) life cycle.




1.0 [bookmark: _Toc171061740]Introduction
[bookmark: _Toc171061741]1.1	Aims & Objectives
This report focusses on the manufacturing of a sub-system of a gun system that fires 7.62mm Dark Ignition Tracer ammunition henceforth referred to as ‘tracer’. There is a rising interest in this type of ammunition, therefore this report shall consider the most critical factors and come up with reasonable solutions, to ensure a low probability of failure in its manufacturing. This will ensure that the ammunition is inherently safer, cheaper and more efficient during its complete manufacture to target disposal sequence (MTDS).

The report shall develop a solution to this sub-system using a range of accepted systems engineering tools and thinking. The use of the tools and concepts will help the systems engineers discover the architecture that makes up the tracer, which allows the whole life cycle to be scrutinised and provides traceability of any decisions made. By discovering the architecture, the most critical components should be identified, which may be routine or non-routine. In addition, sophisticated and innovative solutions can be outlined that are within the realms of reality. In addition, as systems engineering is fractal the majority of the tools and concepts can be applied at different stages to achieve a well-engineered system[1].

The solutions should be robustly engineered using systems thinking to ensure that the final product will function as intended with good reliability. This report will cover:
· needs analysis
· developing solutions
· assessing risks and constraints

[bookmark: _Toc171061742]1.2	Context 
The systems engineering methodology has developed over the recent years producing a detailed plan of how a system should be designed and manufactured, ensuring minimal variation and unexpected or unintended outcomes. The key to the systems approach is to fully understand the problem by exploring the stakeholder’s needs and expectations, by using techniques and tools that give the engineer purpose and context [2]. Going forward, an approach would be to generate all possible solutions using divergent thinking, which can be narrowed down by searching and evaluating using convergent thinking to select the “best one” [2]. The “best” solution should be checked back through the system to confirm if it solves the whole problem for all concerned stakeholders. 

All systems will have a degree of complexity, which can be broken down into further system, sub-system and component levels, the previous tier being the source of requirements for the next level down. Once the components have been designed, they can be built and integrated with the above levels, providing checkpoints  ensuring that the final solution will work as per the stakeholders requirements. This view is referred to as ‘top-down’ design and “bottom-up” manufacturing which forms the V-diagram shown in Figure 1. The V-diagram illustrates that the details in the higher levels of a system are dependent on the design of the lower levels illustrating the importance of the integration and validation steps of the systems engineering tools.
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[bookmark: _Ref160917611][bookmark: _Toc171061768]Figure 1 - V-diagram [2].
It is important to identify potential or proven system issues. Although counterintuitive, these issues must be considered allowing the system designers to mitigate against the identified issues. This will improve the overall confidence and robustness of the item being designed. It is important to also consider that any changes or design choices that could have a positive or negative effect on the system. A compromise might be necessary to achieve the intended system functionality.



























[bookmark: _Toc171061743]2.0 Sub-system breakdown
[bookmark: _Ref162086746][bookmark: _Toc171061744]2.1	Functional Decomposition
In order for the functionality of the bullet to be established, a functional decomposition must be completed. This will allow the functionality of the bullet to be broken down into smaller functions, that should match the requirements of the overall system. This process is normally accomplished by thoughtful analysis and team discussions [3], to incorporate a holistic view. This requires every component and feature to be identified and considered no matter how insignificant. These functions should follow a verb-noun description as well as being written as a positive function.

However, this tool has advantages and disadvantages outlined in Table 1
[bookmark: _Ref162085155][bookmark: _Toc171061798]Table 1 - Functional Decomposition Summary [1].
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[bookmark: _Ref162085220][bookmark: _Toc171061769]Figure 2 - Functional decomposition of 7.62mm dark ignition tracer ammunition.
Completing the functional decomposition, Figure 2, has allowed the functionality of the tracer to be broken down into an array of smaller components. This will foster a better understanding of the sub-system and all the components involved in achieving the final functionality of the system. This technique is often used on systems that need to be improved upon, or that do not necessarily have a design history that the systems engineer can call upon. In a typical design tree, a Quality Function Development (QFD) design could be used to gather the functionality of the system.

[bookmark: _Ref167915887][bookmark: _Toc171061745]2.2 	Functions Means Analysis (FMA)
 A Function Means Analysis (FMA) provides a way of documenting and exploring potential system solutions, that are displayed in the solution space of the table with the incorporation of ‘divergent thinking’ which covers many possible solutions to populate the means. This is also a highly structured approach to generating and selecting system design concepts. The left-hand side of Table 2 lists the functionality of the system, derived from section 2.1	Functional Decomposition. This functionality is deemed necessary to deliver the operational requirements of the system. The central section of the table contains potential functional solutions, often referred to as a solution space for a particular system. Once the table is complete, full system solutions can be identified. This often causes some concept solutions to be de-selected as well as the possible identification of concepts that match well to several different system solutions [4]. This tool is used to negate undesirable, emergent behaviour by producing an array of solutions, that can later be down-selected [4]. Figure 3 outlines a process plan for completing an FMA. If multiple solutions are chosen, a Pugh Diagram can help identify the best solution for the system.


[bookmark: _Ref170211881][bookmark: _Toc171061799]Table 2 - FMA for 7.62mm dark ignition tracer.
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[bookmark: _Ref162271278][bookmark: _Toc171061770]Figure 3 - Process for conducting a Function Means Analysis [3].
[bookmark: _Toc171061746]2.3 Pugh Diagram
A Pugh Diagram [5] is a multi-solution analysis tool that can be implemented at any stage, where there is a need to compare solutions of the system. The best approach is to establish a baseline solution that the other concepts should be compared and justified against. The resulting outcome should indicate which solution is best tailored to the system.  However, a Pugh Diagram was not conducted at this stage as only one solution was derived from the FMA.

[bookmark: _Ref170907314][bookmark: _Ref170993013][bookmark: _Toc171061747]2.4 Quality Function Development 2 (QFD 2)
The QFD 2 matrix is used during the design development stage of the sub-system [6]. By utilising this tool, the user can identify the means that have the most influence on the sub-systems required functionality. The data from QFD 2 may be put directly into a Design Failure Mode and Effects Analysis (DFMEA) [6]. QFD 2 can be referred to as Component level QFD, and the key means are identified when compared to the systems required functionality with their relevant importance scores. The importance scores can be gathered from a range of experiments/tests which gather importance data, known as the Taguchi tests [7]. These involve a robust design of experiments to investigate differing design parameters to identify how they affect the processes at the relevant levels. Scoring is done by ranking them (1, 3 or 9) shown in Figure 4 and the results are shown in Figure 5. In the case of the tracer the ‘dark ignition tracer composition’ was deemed as the most important component. The following stages of this report will now consider the manufacture and the control of these processes to reduce the likelihood of the system failing to meet customer requirements.
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[bookmark: _Ref170647086][bookmark: _Toc171061771]Figure 4 - QFD 2 Component.
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[bookmark: _Ref167520119][bookmark: _Toc171061772]Figure 5 - QFD 2 Component results.
Gemba visits are generally defined as going to where the action is [8]. They are a teaching exercise to the designers, providing them with a clear understanding of how the end user will interact with the system that they are going to design. This in turn provides the designers with the required functionality and requirements for use in QFD 2.
Additionally, this can also provide an opportunity for the end user to give feedback to the designers outlining what they would like from a system (desired functionality). 

[bookmark: _Toc171061748]3.0	Potential failure modes & critical design features
[bookmark: _Toc171061749]3.1 Qualitative Robustness and Critical Parameter Analysis
The purpose of this section is to identify the critical design parameters and the presiding sources of noise that would result in a poor design that is subjected to failure [9]. Figure 6, illustrates how each tool can be used to influence each other.
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[bookmark: _Ref167717066][bookmark: _Toc171061773]Figure 6 - Tool map [9].
[bookmark: _Toc171061750]3.2 Design Failure Modes and Effects Analysis (DFMEA)
A DFMEA for the tracer was performed to understand critical failure modes, effects and causes. Failure is described in five basic types in systems engineering [10]:
1. Over Function
2. Under Function
3. No Function
4. Intermittent Function
5. Unintended Function
By following a systems view of failure, Figure 7 it becomes apparent how failures are defined and relate to one another providing a clear understanding of failure.
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[bookmark: _Ref167539776][bookmark: _Toc171061774]Figure 7 - A systems model of failure [10].
[bookmark: _Toc171061800]Table 3 - DFMEA for the tracer composition.
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The DFMEA in this report focusses on the tracer composition, as it was identified as the most important component feature to control from QFD 2 previously discussed in section 2.4. Figure 8 shows that the most likely/ severe failure that the tracer composition would experience would be a lack of confinement. This was closely followed by over-confinement, suggesting that this aspect of the tracer composition has to be closely monitored to avoid failure. 

[bookmark: _Toc171061751]3.3 Additional Failure Mode and Effects Analysis (FMEA)
Failure Modes and Effects Analysis (FMEA) should be completed before any design has been considered, by using the systems approach to understand the customer’s requirements fully. This can be expressed by the necessary functionality in a Function FMEA (FFMEA) and what the outcome would be should a function not be performed. Additionally, a Process FMEA (PFMEA) is used at the manufacturing stage to provide a structured, qualitative, analytical framework of how a process could fail and the effect of that failure [11]. Figure 8 represents how expensive it would be to fix failures at different stages of the system's life cycle.
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[bookmark: _Ref167563115][bookmark: _Toc171061775]Figure 8 - Application of FMEAs during development stages [10].

An FMEA can additionally be used to start a Fault Tree Analysis (FTA), which considers top-level events and the likelihood of them occurring through the illustration of an ‘AND’/’OR’ gate symbol, Figure 9. This process continues identifying lower-level events that lead to higher-level events until the lowest level has been reached [12]. Furthermore, the FTA can provide probability/occurrence numbers that will enhance the information in a DFMEA.
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[bookmark: _Ref170908045][bookmark: _Toc171061776]Figure 9 - Fault tree analysis diagram [12].
[bookmark: _Ref169613430][bookmark: _Ref169613435][bookmark: _Toc171061752]3.4 Parameter Diagram (P-Diagram)
A P-diagram can be used to consider the design choices that need to be controlled and the noises that are likely the performance of the component. The analysis of the  design of the tracer composition assumes that everything is in optimal working conditions. However, this is all dependent if the system is more robust to noise but has lower performance or vice versa. The robustness of a system can be controlled using a set of tolerances for noise factors, but this does encounter a greater cost typically [13]. These concepts are shown in Figure 10 and Figure 11.

In addition to a regular P-Diagram, a cascading P-Diagram can be used as the side can feedback and become a source of noise to a sub-system or the side effects can interact with separate systems [9]. Figure 12, shows an example P-Diagram for the tracer composition, which was useful for identifying noises that can be controlled at later development stages.
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[bookmark: _Ref167600621][bookmark: _Toc171061777]Figure 10 - designing the best possible solution [13].
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[bookmark: _Ref167600624][bookmark: _Toc171061778]Figure 11 - tightening tolerances [13].
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[bookmark: _Ref167639289][image: A screenshot of a computer
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[bookmark: _Toc171061779]Figure 12 - P-Diagram for dark ignition tracer composition.

[bookmark: _Ref169621396][bookmark: _Toc171061753]3.5 What-Why Table
Continuing on from a P-Diagram, a What-Why table can be used to identify control factors for external, unit-to-unit and deterioration noise factors. Important noise or control factors will emerge with a high score, guiding the systems engineers focus to the factors that pose the biggest threat to the integrity of the system. The important noise or control factors can be removed or used to mitigated against them. An example What-Why table is shown in Table 4. The graphs shown in Figure 13 and Figure 14 identify that the most important control factor is the dark tracer composition ratio, closely followed by composition density and the most important noise factor is load variation, which can be monitored closely in the manufacturing process with mitigation methods.
[bookmark: _Ref170154327][bookmark: _Toc171061801]Table 4 - What-Why Table for tracer composition.
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[bookmark: _Ref170154368][bookmark: _Ref170154356][bookmark: _Toc171061780]Figure 13 - What-Why table control factors graph.

[bookmark: _Ref170154370][bookmark: _Ref170154359][bookmark: _Toc171061781]Figure 14 - What-Why table Noise factors graph.

[bookmark: _Toc171061754]4.0	Manufacturing Process
[bookmark: _Toc171061755]4.1 Manufacturing requirements
Similarly to the design process, the next stage, manufacturing, requires a specific set of requirements. These requirements will often consist of:
· Reliability (High)
· Safety (High)
· Quantity (High)
· Capacity (High)
· Reject Rates (Low)
· Machine Downtime (Low)
· Cost (Low)

Figure 15 is an example of a set of manufacturing requirements. These would have values placed beside them to give a target to aim for within the manufacturing process. A pairwise comparison should be conducted at this stage on the requirements, to find the most critical manufacturing requirements.
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[bookmark: _Ref169343250][bookmark: _Toc171061782]Figure 15 - Manufacturing requirements diagram.

In addition to the above tool, a stakeholder influence map should be considered for the manufacturing process. This tool identifies the people/organisations who have an interest in the manufacturing process and how they interact with other stakeholders [14]. Once a map is established it can then be used to provide a degree of focus on who the requirements must or should and could ignore [14].

[bookmark: _Ref167915968][bookmark: _Toc171061756]4.2 Process Flow
A process flow diagram is a type of flowchart that illustrates interactions between processes [15]. It is often used at the manufacturing stage in many industries like car manufacturing and other engineering fields [16]. The benefits of this tool are that it provides a documented process and can theoretically be used to improve a process or model a new one [15]. Figure 16 shows a simplified process flow for the tracer composition. However, a typical process flow would have functions linking the process together, and the function are a choice of means of how to achieve the processes. There may also be included the inputs and ideal outputs of each process. Additionally, quality measures can be used on the outputs, which is useful on critical processes.
[image: A screenshot of a computer

Description automatically generated]
[bookmark: _Ref167706171][bookmark: _Toc171061783]Figure 16 - Process flow for the tracer composition.
[bookmark: _Toc171061757]4.3 Quality Function Deployment (QFD) 1
Quality Function Deployment 1 (QFD 1) is used to confirm manufacturing system requirements and identify critical processes [17]. By utilising this tool, the relationships between the manufacturing requirements and critical processes are well documented. Overall, this allows the systems engineer to develop a good understanding of the most important manufacturing processes for this component. Figure 17 shows a completed QFD 1 for the tracer which allows a processes importance chart to be produced, Figure 18. From this processes chart, it is found that the most critical process is ‘Press tracer’ which must be closely monitored in all manufacturing tasks. 
[image: A screenshot of a computer

Description automatically generated]
[bookmark: _Ref170671266][bookmark: _Ref170671260][bookmark: _Toc171061784]Figure 17 - QFD 1 Manufacturing.


[bookmark: _Ref170671301][bookmark: _Toc171061785]Figure 18 - QFD 1 Process Importance Chart.
[bookmark: _Toc171061758]4.4 Process Function Means Analysis (FMA)
As in section 2.2, an FMA will be used to further provide solutions to the processes outlined in section 4.2. The solution space will allow for differing solutions to be selected, however, due to the time constraints of this report only one solution was selected (Figure 19) and will be further analysed. By analysing more than one solution concept the systems engineer can make more informed choices about why each solution was selected. The comparison of different concepts can be done with a Pugh Diagram, which allows for a Quantitative decision to be made [5].
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[bookmark: _Ref170671504][bookmark: _Toc171061786]Figure 19 - Process FMA.

[bookmark: _Toc171061759]4.5 Quality Function Deployment (QFD) 2
QFD 2 manufacturing (Figure 20), describes the relationship between processes and the means to complete them. The interactions between them can identify where to focus efforts in the design of those means. If the limitations are not known, then they would be elicited by contacting different manufacturing teams to obtain information about each means. It was identified that ‘manual’ was the most important means as it has the most influence on the processes as shown in Figure 21.
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[bookmark: _Ref170995871][bookmark: _Toc171061787]Figure 20 - Manufacturing QFD 2.


[bookmark: _Ref170978513][bookmark: _Toc171061788]Figure 21 - QFD 2 Means Chart.
[bookmark: _Toc171061760]4.6 Process Pugh
The Process Pugh uses one concept as a baseline, to compare other concepts against [17]. If applicable, the previous, known processes should be included as the baseline as there should already be a well documented understanding of the performance. Figure 22 details that ‘auto pressing’ was best, whilst providing a detailed justification of why it was chosen.
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[bookmark: _Ref169363191][bookmark: _Toc171061789]Figure 22 - Process Pugh.
[bookmark: _Toc171061761]4.7 Quality Function Deployment (QFD) 3
Quality Function Deployment 3 (QFD 3) is a matrix diagram that allows the assessment of the relationships between component requirements and the manufacturing process requirements, as shown in Figure 23. This assures the flow-down of requirements and the impact of the manufacturing process on the achievement of the design. Additionally, target values can be implemented for the critical product parameters in the ‘room’ on the right-hand side of the tool, which is not demonstrated in Figure 23.

When transitioning from QFD 2 to QFD 3 care must be taken to ensure the critical characteristics are transferred. These can also be identified from previous P-diagrams and What-Why Tables. The most critical manufacturing step for the case of the tracer was the ‘hydraulic press’, as shown in Figure 24. 
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[bookmark: _Ref169612365][bookmark: _Toc171061790]Figure 23 - QFD 3.

[bookmark: _Ref169365410][bookmark: _Toc171061791]Figure 24 - QFD 3 importances chart.

[bookmark: _Toc171061762]4.8 P-Diagram
Similarly to section 3.4, the P-Diagram at this stage of the process will identify and capture the factors that influence the performance of the system output during the manufacturing process. As ‘press tracer’ is a critical process step, the systems engineer must be confident that they understand the factors that might affect it. Figure 20 shows the P-Diagram for the ‘press tracer’ process.
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[bookmark: _Ref169614472][bookmark: _Toc171061792]Figure 25 - Manufacturing P-Diagram.

[bookmark: _Toc171061763]4.9 What-Why Table
Similarly to section 3.5, a further what-why table will be used to identify the emergence of critical manufacturing parameters. In order to discover this, the control parameters were compared to noise factors within the processes. The results show the relationships between the noises and the controls (shown in Figure 26, Figure 27 and Figure 28). These figures show that the dimensions of the press need to be closely monitored, in conjunction with the wear on the press tool. By controlling these noises, mistakes later in the manufacturing lifecycle of the munition can be reduced or even eliminated, reducing redesigning costs.
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[bookmark: _Ref169689222][bookmark: _Toc171061793]Figure 26 - Manufacturing What-Why Table.

[bookmark: _Ref169689210][bookmark: _Toc171061794]Figure 27 - What-Why, Key controls.

[bookmark: _Ref169689215][bookmark: _Toc171061795]Figure 28 - What-Why, Key noise factors.
[bookmark: _Toc171061764]5.0	Critical process steps
[bookmark: _Toc171061765]5.1 Quality Function Deployment (QFD) 4
 The final systems engineering tool to be considered in this report is Quality Function Deployment 4 (QFD 4), which takes the manufacturing processes for critical steps and compares them to the control measures that are put in place. By conducting a Gemba visit [18], processes can be identified that are inadequate or can be improved upon, which gives quality control measures on the process. The control measures allow the systems engineer to have a higher confidence of trust in the final product so that it is manufactured to the required specification of the customer. QFD 4 for the tracer is shown in Figure 29 and Figure 30, illustrating that training is the most important control for the tracer manufacturing processes. Therefore, this control measure must be considered in the manufacturing process.

Should a particular process present a problem, then QFD 4 would be conducted again for that particular process until reasonable control measures can be implemented, highlighting the iterative nature of the systems engineering tools.

[image: A screenshot of a computer

Description automatically generated]
[bookmark: _Ref170153419][bookmark: _Toc171061796]Figure 29 - QFD 4.


[bookmark: _Ref170153421][bookmark: _Toc171061797]Figure 30 - QFD 4 Importances Chart.















[bookmark: _Toc171061766]6.0	Conclusion 
This report set out to develop a robust manufacturing plan for 7.62mm Dark Ignition Tracer Ammunition. This was achieved by identifying the critical features of the manufacturing process and purposing relevant solutions, in the form of control measures, to limit the noise introduced to the processes. The investigation of the sub-system led the systems engineer to identify the dark ignition tracer composition as the critical component. Following on from a DFMEA of this component, the most likely and severe failure was identified to be a lack of confinement. However, other FMEA tools were discussed to provide insight into additional techniques available, which allowed the systems engineer to evaluate the most suitable tool for this report. The noises and controls for this component were identified, which were compared against each other to gain information on the most important controls and noises. 

The report progressed to the manufacturing aspects of the dark ignition tracer. This involved identifying the process flow of the tracer composition. The critical process was identified as ‘manual’ using the systems engineering tools, and subsequent solutions were generated with a quantitative justification for their selection. The most important process technique was the ‘hydraulic press’ which was to be expected as this interacted with the most design components during the manufacturing process. Noises and controls for this process were identified and the critical ones clarified. Following, this manufacturing process the critical steps were compared against control measures to pinpoint the most influential control measure.

These findings suggest that in general the systems engineering mindset/ toolset can be used effectively to discover the architecture of the manufacturing process, whilst identifying key components or features that can be controlled in the process to eliminate any noises identified. This is a positive outcome of using systems engineering within the Ordnance, Munitions and Explosives (OME) industry, where safety and reliability are paramount. This suggests that the systems approach can be applied to most situations in a variety of industries, where it is vital for cost savings or safety to ensure the success and reliability of a product or service.

It is unfortunate that the study did not utilise the tools in the best way due to time restraints and the systems engineer was working as an individual and not as part of a team. Working within a team would allow for a broad range of knowledge to be sought and included with each tool. This ensures that solutions would not be subjective or prejudiced from past experience. Furthermore, the more experienced a systems engineer is the better their interpretations of results and the depth of the analysis of tools.

Systems engineering in general is a fruitful subject area that should have further investigations into the integration of the tools and mindset into a range of systems within the OME industry, where safety and performance are paramount.
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Sieves and mills	Manual	Dough mixer	oscilating granulator	oven	transit pack	hopper	hydrallic press	air press	460.5	1585.5	348.5	328.5	126	252	196.5	675	99	Process Techniques
Sieves and mills	Manual	Dough mixer	oscilating granulator	oven	transit pack	hopper	hydrallic press	air press	90	30	0	45	50	5	20	140	45	0	0	0	0	0	0	0	0	0	


Key Controls

Position of work	Concentricity of work	Press travel	Press speed	Dimensions of press tool	144	198	198	153	207	#REF!	


Key Noise Factors

Operator competence	Operator fatigue	Temperature	Humidity	dimensions of press tool	Position of work	concentricity of work	force of press tool	press travel	press speed	wear on press tool	reuse of components	45	63	18	0	0	0	0	117	126	99	18	90	81	153	18	0	0	#REF!	


QFD4 Importances Chart
Work instruction	Training	use hydraulic press	receipt inspection	Purchasing specification	Supplier Audit	6561	10206	8748	6561	6561	6561	#REF!	
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In order to manage complexity the system is designed in successive levels, at the system, sub-system,
with the higher level design being the source of requirements for the next level down. Once the components of the system
have be designed, they can be built and integrated to form the higher levels. As this build and integration takes place,
checking can be performed to provide confidence that the final built system will do as the stakeholders intended. This “top-
down” design and “bottom-up” build and check is often visualized as the "V" diagram

component level,

Stakeholder Working

Requirements System

Buid and Check

Subsystem Buit and Checked

Requirements SubSystems.
Eener Ra e
Sub-System Lovel Component Buit and Checked
777777777777 Requirements  — = = = = = = = gty
Component
Buid and Check | Buidand Check
Design Components. =g raments Components

\ /

Component Level
Realse Components

The V diagram is a useful representation of Systems Engineering, but it does have drawbacks in that it hides several key .

aspects. Firstly, iteration. The ability to iterate is essential to good Systems Engineering because the details of the higher
levels are dependent on the design of the lower levels. Secondly, Lifecycle view. All systems have a lifecycle that needs to be
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However, this tool has advantages and disadvantages outlined in the table below
(Table 1)
Table 1, Functional Decomposition Summary. | NSNS

Text redictions: On

Figure 1, V-diagram [1].
Itis important to identify potential or proven system issues, although counter intuitive.
As these issues need to be taken into consideration and effectively designed around
S0 that the system designers of a system can have a better confidence level about
their system. It is important to also consider that any changes or design choices made
could have a positive or negative effect on the system. Therefore, trade-offs might
have to be considered to achieve the intended system functionality

2.0 Sub-system breakdown

21 Functional Decomposition

In order for the functionality of the bullet to be found out, a functional decomposition
must be completed. This will allow the bullets functionality to be broken down into
smaller functions. This process is normally accomplished by thoughtful analysis and
team discussions [2]. This requires every component and feature to be identified and
considered no matter how insignificant. Equally, it is worth considering the verb-noun

function description, to be written as a positive function
T Accessibility: Investigate

Advantage

Disadvantage

Simple tool for sub-system/ component
functionality

Provides an opportunity for a better
understanding of the sub-system/
component

Some items can lead o unnecessary
functionality. And generic functionality
leading to a repletion of previous
designs, including their problems.

‘A documented reusable analysis

When used in a team it allows for
information to be shared and allows
everyone involved to have an input.

Only works successfully at the
component/ sub-system level. Higher-
level systems are open to influence
from a functional decomposition but
potentially lead to an over-emphasis of
non-important functions and an under-
emphasis of important ones.

mﬁf—l—‘)
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Systems Thinking requires us not only to think about the components in a 4.0 Potential failure modes & critical design features
system but the relationships and interconnections between the components.
This follows for the system view of failure and figure 1 shows how the various

aspects of failure defined above relate to provide a clear, complete and 4.1 Design Failure Modes and Effects Analysis (DFMEA)

consistent understanding of failure A DFMEA for the tracer was performed to understand the repercussions of a particular
has failure. Failure is described in five basic types in systems engineering [6]:
1. Over Function
fails to deliver
function via 2. Under Function
FAILURE MODE feslisin 3. No Function
4. Intermittent Function
generates 5. Unintended Function
A inean e The DFMEA in this report will focus on the tracer composition as this was identified as
the most important component feature to control in the QFD 2 component later in this
Figure 1: A Systems Model of Failure
report.
Starting with the “upper-loop” of figure 1, the model states that an item has a
function? and it is that function that defines the failure mode (through the usual
suspects). Moreover, the item will fail to deliver its function via the failure mode
and will result in an effect. The “lower-loop” of figure 1 states that a failure mode
will have a cause that initiates a failure mechanism that generates the failure
mode. To illustrate this, consider the simple situation of a pair of scissors.
Page 110f21  2950words [ D). Focus E -———+ 0%
133
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the customer’s requirements. In other words, we have the functionality of
system before we design it and can apply FMEA before the design. This
provides an opportunity to discover failure modes, effects and causes during
the requirements discovery phase of a system design. It is then an issue of
designing the system to meet its requirements but at the same time avoid the
potential failure modes identified. The cost implications are quite profound
Figure 6 shows the classic “cost to fix" vs. development phase, annotated with
where the various FMEAs can be first applied

Costto
Fix (£)

e

Requirements. Customer
Frgneenng  Design Development  Production. >

Figure 6: Application of FMEAS during the Development Cycl

It is typically reported [for example INCOSE] that the cost to fix increase by a
factor of 10 with each development phase. What is therefore clear from figure
6 is that performing FFMEAs provides the opportunity to address potential
failure modes at minimum cost and result in more robust failure free products
and services.

5.0 Conclusions
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Faced with such a situation and the pressure to deliver “excellent” performance, many a designer
would aim for the peak of the ‘mountain’. This is simply because it is “world-class” performance, it
cannot be bettered! Indeed, having found the peak, the designer could work “backward:
appropriate values for x, and x, as shown in Figure 7.

Des
sign
Parameter x,

Figure 7: Designing the ‘best possible system

ituation shown in Figure 7 is the best possible design since it g
possible performance. BUT itis entirely reliant on being able to:

« achieve the target values for x; and x
« maintain the target values for x, and x;

Neither of these is possible in the real world because of variation caused by environmental factors,
manufacturing variation and wear. In other words the target values will vary considerably and we “will
fall off the mountain peak” as shown in Figure 8. Taguchi called this “real world" variation NOISE
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2217
25/05/2024

»

B




image15.png
v ChatGP X VisioPr X | @ dfmea: X \ Whatls X | @ 4-cpgp X Microsc X | @ stuarth X Robust X 9 History X | + -
c burgehugheswalsh.co.uk/Uploaded/1/Documents/Robust-Design-Article-February-2016.pdf Q ¥ | O @ g

[ Whilstlist [ lego [J holidays [ Regular Purchases [ Gym [ Clothes [3J UNI [ OwnedStuff [ cooking [ House [J Airrifles [J cranfield [3J Uni »
¥ &

g /15 | — 70% + | B ©

= Robust-Design-Article-February-2016.pdf
I
L/ Ot

Retuming to the earlier argument around Figure 5, having found yourself at the peak and discovering
the extreme sensitivity to noise one solution is to set “tighter’ tolerances around the design
parameters. There is no doubt this will work as shown in Figure 9, but at a greater cost!

et Tight

By now, however, you will have realised there is another solution which is to move the whole design
ng the design on the plateau we find;

to new target values that put it on the plateau. By placi

We achieve the customers performance requirements

We are insensitive to the likely variation (the noise)

possible performance, but it does exceed their requirements

We will of course not achieve the “b
10, is @ “robust optimum’”.

tly. This plateau, shown in Figu
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B

25/05/2024





image16.png
AutoSave

Design book Shell

Adam Mayo

File Home Insert Page Layout Formulas Data Review View Automate Help Kofax PDF 1 Comments ‘ | & share
& === ab, Einsert v | X v A (]
==~ 24 General v A Y (m[m]
@~ Conditional F /f c{ faifetn © | (o3l szn& Soe | pem | o
== B | @ 9 <0 0 onditional Formatas Cel = . o in -ins | Analyze
£ == @B~ % 9 %8 Formatting v Tablev Stylesv | EEFormat €~ Fifter~ Select v Data
Clipboard 1S Font ] Alignment ] Number ] Styles Cells Editing Add-ins
AD39 2
2 Lt e composiion Dark igriton tracer
H | compositoncomponent Progressive light
—
¢+ | What Why Component | Control Importances (Bae) | Noise mportances (Base) | Manufacturing Requiremens | Process Map | Manufactuing QFD1
Ready % Accessibility: Investigate El

A Type here to search

2

6/05/2024





image17.png
Saved vV Adam Mayo

File Home Insert Page Layout Formulas Data Review View Automate Help Kofax PDF I Comments | |12 Share v

v B | General . =] @ @ EHinsert ~ %: é? /C) s

X Delete v
. | @\B%9 %N

Conditional Formatas Cell . Sort & Find & Add-ins Analyze
Formatting v Table v Styles v | EEHFormaty | € v Fijarv Select v Data

Clipboard 1S Font ] Alignment ] Number ] Styles Cells Editing Add-ins ~

V30 v

Unit to unit Deterioration

External

Design control parameters

£

ciect
ssembley

dart gnion
compostion bum rate
T aion
campostion mosture.
transport vibrations
maufacturing ool
batchto batch
variation
‘companent varition
pressing pelt
variation
lner assembley
Seals breaking

ariving band
loading variaion
variation n dark
ianiton compostion
Moisture contert
vamish application
bulet dimensions

whlg

amblent enviromental
conditions
compostion vartation

o sealing disk material
q [sealing disk geomelry

o rupture disk material

o rupture diskcthickness

q ube material - copper

o tube internal surface finish

o tube geometry

o lighter transfer composition ratio
o dark racer composition ratio

o foregin body contanimation

o paricle size.

o binder in composition

o pressing load on pellets

o pellet geometry

o [composition surface charateristics
o [void volume

o ket polishing

o fill amount of propeliant

o [moisture content of ingredients
o fube thickness

o [compsition densi

fon density

o thickness

ngredients

propelant

< » .. What Why Component | Control Importances (Base) ‘ Noise importances (Base)

Ready % Accessibility: Investigate

A Type here to search

01/07/2024




image18.png
AutoSave

Design book Shell

Adam Mayo

File Home Insert Page Layout Formulas Data Review View Automate Help Kofax PDF 1 Comments ‘ ‘ 12 Share V‘
& Binsert ~ | X v A OO
avial % | Genera < B Bz B ¥ BH

paste [ Conditional F /f c{ Liforin < | 2l szn& Find & | Add-ins | Anal

aste . onditional Formatas Cel . o in -ins | Analyze
B I U- B | @m- 9 <0 00 .

o @B~ % 9 B8 | fomattingv Table~ Stylesv | [EHFormaty | € Fiterv select Data
Clipboard [ Font [ Alignment 5] Number 5] Styles Cells Editing Add-ins A
u29 v v

A B c ) E = H ' J K L " N o 3 a R s T u v w Y z M | m | A | a0 | A 4
1
2
13
15
18
fra
z Fa.m.mm rge Capabity iabe Erecive (Guaity (Gaety
i ‘ [Vime e ‘ anuctuing ‘ ainenance ‘ ‘ ‘

21

2

23

2 (Gbour

2

2

27

28

2 Campmerr 1

20 |Capita Cost

31

2

3

= (Senvcer

x (Gperaing Cost

32

8

39

0 ((ateral Cost

a1

2

a3

s

2 (antenance
Cost

a7

8

49

50

51

52

<« ‘ What Why Component ‘ Control Importances (Base) ‘ Noise importances (Base) Manufacturing Requirements _—
Ready % Accessibility: Investigate

A Type here to search





image19.png
v ® NewTab X Process flow for Dark ignition tt X+ = X

(6] @ File C/Users/adam.mayo/OneDrive%20-%20Cranfield%20University/UWTSD%20Uni/University%20Year%203/L5%20-%20Systems%20Engin... & ¢ ® O @

[ Whilstlst [ Lego [ holidays [ Regular Purchases [ Gym [ Clothes [ UNI [ OwnedStuff [ cooking [3 House [J Airrifles [ cranfield [3 Uni »

L]
n ]

= Process flow for Dark ignition tracer composition.pdf 171 — 50% + = ®

1810
A )
© %Y opepoos W

- © Type here to search - ’




image20.png
Adam Mayo

File Home Insert Page Layout Formulas Data Review View Automate Help Kofax PDF I Comments | |12 Share v
X . ab Elinsert ~ | X v A o0 | @
Arial 2 General v ﬂ / Z? [mlm] =
M@~ " X Delete v | v 4 -
Paste B|I U-. =< = =] % ) (_08 —38 Conditional Formatas Cell @F . Ov Sort & Find & Add-ins | Analyze
MRS 4 = === Formatting v Table v Styles v ormat Filter v Select v Data
Clipboard = Font = Alignment = Number = Styles Cells Editing Add-ins A~
(D SECURITY WARNING Automatic update of links has been disabled Enable Content X
z17 v Je v
a B - 4K L m N 0 P [a R s T u VoW | % | v |2 | s | A8 | Ac | AD | AE | AP | G | AH | A,
1 [RETVITY SUMMARY
Manufaoturing Functionality 55 sl
I AR
LR 2 sls|8|s|2
2IR|B|=z|glz|8|8|2|2|s
2 £ G|8lEls|S|8|S|alalo
3 [Manufacturing Requirements Manufao:
) [Manufacturing Costs
s Labour
6 Equipment capital cost
7 [Senice / Operating Cost
s [Setup cost
E) Waterial Cost-Wetal Bits
0 Material Cost-Energetic Bts
n Waterial Cost-other
2 Waintenance Cost
© [Manufacturing Capacity
W [Taroet production rate XX per month
5 Reliable Manufacture
" Repeatable performance
n Effecive Waintenance 1
" Low system outage
i [Quatity
2 Defect Fres
2 Effectve test and inspection
2 Safety
2 Explosive
2 Non-Explosive
=
S
2
i -
o QBN Q7 2 Manwfactung | Means mporiance ar . .

Ready % Accessibility: Investigate

P Type here to search 01/07/2024




image21.png
AutoSave

Adam Mayo

File Home Insert Page Layout Formulas Data Review View Automate Help Kofax PDF I Comments | |12 Share v
X Hinsert v > A (W] 7
Avial v 12 . ||& General - ﬁ ? F
Paste 1 _ Conditional F /? c{ Liforin < | 2l szn?& Find & A(‘i:(\i‘:'\ Arah
aste === . onditional Formatas Cel . o in, -ins nalyze
B I U- == B |\ Y <0 90 .

v =E== B8 % 9 B0 | romatting v Table~ Sties~ | EFomat* | €~ Fiter~ Sclect~ Data

Clipboard & Font ] Alignment ] Number ] Styles Cells Editing Add-ins A
() SECURITY WARNING Automatic update of links has been disabled | Enable Content x
154 v Je v

A 8 c D E F ] H -
1 |ACTIVITY SUMMARY
O ea

2
& Size Ingredients Manual oscilating granulator sieve
% Add to Mixer auto
@ Mix RAM Twim screw extruder
@ Granulate Sieves and mills manual sieve
© Dry Extractor oven vac oven air
@ Pack manual
- Load Press volumetric fill robot Semi Auto Pneumatic logic
@ Press tracer Manual Robot Semi Auto Pneumatic logic auto assemble
® Press lighting Manual Robot Semi Auto Pneumatic logic auto assemble
- Close manual robot
55
56

<« Process FMA _‘ Means importance ‘ Process Pugh < >
Ready % Accessibility: Investigate El I -—a——+ 70%

A Type here to search





image22.png
AutoSave Adam Mayo
File Home Insert Page Layout Formulas Data Review View Automate Help Kofax PDF I Comments | |12 Share v
== EHinsert v Z v A [T
X ==@o B |wen | B OB A 0 | [
paste [ Conditonsl Formatas call | 200 " Sort& Find& | Addins | Anal
aste == - o <0 .00 onditional Formatas ~Cel . o in -ins nalyze
v | @\ v v
o == = @B~ % 9 30 | Formattingv Tablev Stylesv | [HFormat 0 Filter v Select v Data
Clipboard [ Font [ Alignment [ Number [ Styles Cells Editing Add-ins N
N19 N X pounds per Square inch v
A B E F G H | J K L M N o P Q R S T u v X Y z AA Al &
' |acTVITY SUMMAR!
s
Design feature » k]
Shell / Fuze / Propelling z E 2
Charge o o Q o < o
g s |l P g S| g
s o |5 | <2 |§ Sl 5|23
3 3 5 s o
¢ |s|8|5|s/8 88|22
2 £ o | =0 | 8|3 |E |2 |2|F
3 Functionality Functionality Detail
4 Size Ingredients 43.5
5 Add to Mixer 1"
6 Mix 37.5
7 Granulate 36.5
8 Dry 14
9 Pack 28
10 Load Press 13.5
1" Press tracer 285
12 Press lighting 285
13 Close 1"
14 0
15 501 | 1437 | 349 | 320 | 126 | 252 | 179 | 513 | 99 | © o o o o o o o o o o
16
17 Target
18 Benchmark
<« > QFD 2 Manufacturing - ® 4 »
Ready % Accessibility: Investigate

H A Type here to search





image23.png
Saved vV Adam Mayo

File Home Insert Page Layout Formulas Data Review View Automate Help Kofax PDF I Comments | |12 Share v
X EHinsert ~ S A [m]m] T
. P ab
e - JOBE B B 7 0
paste 1B ¥ Cond IF/ c{ S q'VsZ&Fd& Addrs | Anah
aste onditional Format as el ort in -ins nalyze
B I U- =E==3G B | @ 9 0 %9 — . ly:
- S = === @B~ % 9 %8 Formatting v Tablev Stylesv | EEFormat €~ Fifter~ Select v Data
Clipboard = Font = Alignment = Number = Styles Cells Editing Add-ins ~
L16 v v
A B c o E F = H ' J K L " N -
2 FERR
5|2 28 g’
25 - @
g |8 £3 S8, 3 2
£ |Eg 25 R 5
2_|22 &€ as£e o
S © 3
6 EREE] °
[WHATs - Customer Requirements _|How much:- From QFD 1
7
i Labour 5[5 0 [ 1
] Equipment / Capital Costs 51 0 1 2
10 [Service Operating Costs 5] 2 0 [ 1
1 Material Cost 5] 2 0 [ [
2 Maintenance Cost 53 0 1 2
3 [surge Capacity 5[5 0 1 2
i Reliable manufacture 5[5 0 [ 2
5 Effective Mainteneace 5]3 0 [ 1
i Defect Free 5[5 0 1 2
2 Effective Test and Inspect 5[5 0 [ [
8 Explosive Regs Safety 5[5 0 [ 1
19 Non Explosive Regs Safety 5] 4 0 [ [
20 5[5 0
21 5[5 0
22 5[5 0
2 Tn Weighted
2 Weighted o O 53
o [ 11 E
2
27
28
2
20 -
<« Process FMA _ Means importance | Process Pugh

Ready % Accessibility: Investigate

A Type here to search




image24.png
AutoSave Design book Shell 7. Saved v Adam Mayo
File Home Insert Page Layout Formulas Data Review View Automate Help Kofax PDF I Comments | |12 Share v
X . Hinsert v > A (W] 7
Arial w10 v A A v 288 | General N == B B Y
2 (]
Cond IF/ c{ EEDelete ¥ q'VsZ&Fd& Add o=
Paste = = = = = - onditional Format as el ort in -ins nalyze
B I U- == B. | ®s-9 <0 00 = . .
o 4 == @B~ % 9 B8 | fomattingv Table~ Stylesv | [EHFormaty | € Fiterv select Data
Clipboard & Font [} Alignment [} Number [} Styles Cells Editing Add-ins ~
AJ8 v v
A 8 E |F|G|H| I |J| KL/ M/ N O/P QIR S T U|V W X| Y| Z A\ AB AC| AD AE AF AG|AH| Al Al -
2
Process Features
Shell / Fuze / propelling charge
. |2 s8] |« £
cl5lL|E|e g Slg
g ls|slels Sls|5|8
2121222 |s|2|E|5|E
3 Elp|=|8|8|3|8|2|=z%
Important design features Functionality Details
4
5 Dark tracer 5 oo
6 rupture disk 5
7 compistion ratio 5
B loading variation 5
) 5
10 5
1 5
12 5
13 5
14 5
15 5
16 5
17
18
19
20 90 [30 [ 0 [45[ 50| 5 [20]140{a5[ 0 o0 o o o oo o oo o o o o o o o olo]0o]0
: -
v . ProcessMap | Manufactuing QFD 1 Proces Inportances Chart  IREAVZN QP02 Manufactuing | s importorce AT r3 [ - & |+ .
Ready % Accessibility: Investigate

A Type here to search

2





image25.png
AutoSave Design book Shell 7. Adam Mayo ~ AM ca)

File Home Insert Page Layout Formulas Data Review View Automate Help Kofax PDF I Comments | |12 Share v

Aval vio VA A | E=E | Genenal - B B B = sz? /C) EE

ranfield

.‘il niversity . Z . ) . i .

M- . 22X Delete v g 5 S
Paste = Conditional Formatas Cell Sort& Find& | Add-ins | Analyze . 0
B I U-. (E- v A v =~ 9 0 .00 . . i
- g u-B- -4 =l @B % 9 W Formatting v Tablev Stylesv | EEFormat Filter v Select v Data 3 5 .
Clipboard [ Font [ [ Number [ Styles Cells Editing Add-ins N X
V21 o v
Rover o Fastos Extemar o Faotors [T e Faotor ™ Jratemoration
o i [ Lo 5
s [— - s
s
ety

Dimensions of ress tool

Subminiion Componerts | T— Assembly process —

‘Sumunition ready for filing

Control Factors
Fostion ofvark
Concenuisityof vork

Presusuel
Press spesd
Dimensions of ress tool

<« o _ Means importance ([N [SEVEN RESNTTTTINEICTYGE Sl 1st Key P Diagram | 1stKey "What W ... ()

Ready % Accessibility: Investigate El i)

4 ) 14:41
\J = 18/06/2024

A Type here to search




image26.png
AutoSave B Y-

<

Design book Shell 7.62... = Saved v

Adam Mayo  AM

Sort & Find &
Filter v Select v

st Key ...

1 Comments

Add-ins

File Home Insert Page Layout Formulas Data Review Automate Help Kofax PDF
— _ ] 0| EHinsert v v A
4 Arial 10 = % - == Bz =7 7Y
M@~ — 15 = & Delete v | [L]v
onditional Format as el
B I U+ - A, | == Bl | BBy Y <0 .00 . . .
<1 u-H % 9 68 Formatting v Table v Styles v Format
Clipboard [ Font [ [ Number [ Styles Cells Editing
AB8
B c |p |E[F|G|H K| L | M N|O|P|Q|R|S|[T u v w X
< Unit to Unit Variation Deterioration External
25 Relative
3 E Importance of
5§ noise in
o8 meeting
235 performance
£E via control
] factor
I 38 £ s |2
2 5 |B 5 |E
2 |3 |e 21812 |2 |5 | |2 |2
o D (5 o - @ 3 I3
a |5 |2 |2 5 |2 |5 |8 |5 |8 |8 |2
£ |& |5 |5 5 |5 |2 |2 |8 |2 |8 |
S |s |8 |E Sl 18 |2 |2 |a |28
= s 5 s |5 |8 |2 |
5 |8 |E |2 S |2 |E |5 |8 |8 |5 |5
s 8 |° 2 |8 18 |8 |58 |5 |5 |2
2 |o 5 5 |8 e |2
Q. o |L =
o £ ° e
3
8 Design control parameters
9 Position of work 9 3 3 9 1 16 144
10 Concentricity of work 9 1 ENE (] 22 198
11 Press travel 9 1 1 [ 1 e 9 22 198
12 Press speed 9 ] ] [l 17 163
13 Dimensions of press tool 9 1 9 9 E ] 23 207
14 3 0 0
15 9 0 0
16 9 0 0
< Means importance QFD 3 | Technique Importances Chart 1st Key P Diagram | 1st Key “What Why" | 1st Key Controls Chart
Ready  $% Accessibility: Investigate

A Type here to search

&

Analyze
Data

AB AC

35

18/06/2024

122 Share v





image27.png
AutoSave Design book Shell 7. Saved v Adam Mayo

File Home Insert Page Layout Formulas Data Review View Automate Help Kofax PDF I Comments | |12 Share v
HInsert v @ [
= & | s B B e B =4y O | H
- Conditonsl Formatas call | 200 " Sort& Find& | Addins | Anal
B I U- B | @9 <0 .00 onditional Formatas Cel . . o in, -ins nalyze
& @B~ % 9 B8 | fomattingv Table~ Stylesv | EEFormat OV Filter v Select v Data
Clipboard 1 Font [ Alignment [ Number [ Styles Cells Editing Add-ins N
. SECURITY WARNING Automatic update of links has been disabled Enable Content X
AD16 v Je v
A B Cc D E F G H 1 J K L M N o P Q R S T u \% w X Y z AA | AB AC AD |4
1_|ACTIVITY SUMMARY
2
3
B
<
°
2
5
o c
2 s
s 5
€ <
g 5 glg
g E il
3 g g2
Ry = = ©
4 £ = 2 | a
5]
] Concentricity of work 3 9 9 3
7 Position of work 3 3 9 3 | 243
8 Dimensions of press 3 3909 [72 [ Tol[ol9]
9 Operator competence 9 [ 3] 9| 3 |729
10 Operator fatigue 9 [ 3] 9| 3 |729
11 0
12 6561 10206 8748 0 0 6561 6561 6561 0 0 0 0 0 0 0 0 0
13
14
15
16
17
18 A
< > .. (stKeyPDiagram | 1stKey "What Why" 1st Key Controls Chart | 1st Key Noise Chart _1st QFD4 ~ QFD 4 Importances Chart |~ 2nd KeyPDiag = 2nd ... (+) « »
Ready % Accessibility: Investigate El 0 - —a+—+ 0%
H A Type here to search 24/06/2024





