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[bookmark: _Toc166339148]Introduction: 

	Systems engineering is a field of engineering that manages the variety of complex sub-systems that regulate a system over its lifecycle. It is a comprehensive approach to engineering where the whole systems function is considered; this means that by implementing this approach not only can individual components of a system be analysed, but so can the associated interactions with one another and the whole system be evaluated [1]. To achieve this, thought processing systems are implemented that quantify a variety of different aspects of a system, this is so that different basic mathematical tools can be implemented to identify weaknesses in design or concept [2]. 
	There are several notable benefits to employing a system engineering approach to the design of munitions. The first is that by implementing systems engineering, failures in a system can be identified and effectively managed or eliminated reducing the waste of resources, time and capital in the design of a new munition [3] [4]. Additionally, to this, by implementing a systems engineering approach a design can be effectively critiqued before it enters an manufacturing stage, this means that all of the required aspects to produce the munition can be forecast and procured, implementing a fast output [5]. 
	To that end, there are shortcoming’s that art associated with a system engineering approach. Initial set-up costs are significantly higher than other approaches as this process in labour intensive during the design and concept phase [6] It is also common for a system engineering approach to identify that a concept may not be feasible or practical with current technology and capability [7]. This has somewhat given systems engineering a negative commentary for what could be considered a short-sighted viewpoint, and lack of investment in innovation [8]. However, what should be noted is that when implementing both a systems approach and resourcing competent personnel throughout the design process typically results in a very robust design that meeting the requirement set out by the customer. 
Employing a systems engineering approach in munitions design yields numerous advantages. Firstly, it enables the early detection and management of system failures, thereby minimizing resource wastage and optimizing the allocation of time and capital during the development phase. By scrutinizing the design comprehensively before entering the manufacturing stage, potential issues can be addressed pre-emptively, ensuring a streamlined production process and swift output. However, there are inherent challenges associated with this approach. Initial setup costs tend to be higher due to the labour-intensive nature of the design and conceptualization phase. Moreover, it is not uncommon for systems engineering to reveal the infeasibility or impracticality of certain concepts with existing technology and capabilities. This revelation has led to criticism of systems engineering as short-sighted and lacking in innovation. Nonetheless, when coupled with the allocation of competent personnel throughout the design process, a systems engineering approach typically yields a robust design that meets the customer's requirements effectively.

[bookmark: _Toc166339149]System in scope: 
	
The primary armament equipped on the British Army's latest Infantry Fighting Vehicle (IFV) system, Ajax, is the CTA-S40 autocannon. This system employs 40mm telescoped ammunition without links, fed into the gun platform via an Automatic Ammunition Handling System (AHS). Telescoped ammunition was chosen for the platform due to its ability to enhance weapon reliability, decrease weight, and streamline logistical operations [9] [10]. This choice counters the misconception that its adoption only adds complexity and stress for munitions design engineers, often leading to excessive caffeine consumption. The gun platform utilises a recoil-operated rotating breach design, subsequently it achieves a cyclic fire rate of 200 rounds per minute [11] [12]. Additionally, the system incorporates the CTAS-Controller, a computer system collaborating with the gun to establish fire control and potential integration of programmable munitions [13] [14].


[bookmark: _Toc166339150]Customer requirements:
The customer DE&S has stated that they require a new High-Explosive (HE) Fragmenting 40mm autocannon round that can be fielded by the CTA-S40  autocannon used upon the Ajax infantry fighting vehicle (IFV). The customer has also stated that the system generated must be able to target foot mobile infantry, entrenched infantry, and soft armoured vehicles in hot, cold, and temperate environments. 
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Figure of the Stakeholders

Stakeholders play a crucial role in shaping the design requirements of complex military systems since they are responsible for regulating, utilizing, or influencing how the system is employed, stored, or acquired. However, incorporating external stakeholders' input requires careful consideration to avoid overcomplicating the design [15]. Understanding which stakeholder requirements are pertinent is essential to prevent scope creep in the proposed design. Therefore, particular attention is given to opinions that carry legal ramifications and impact end-user logistical and operational operability. Through consultations with external stakeholders, it has been established that the Defence Ordnance, Munitions, & Explosive Safety regulator (DOSR) and the Health and Safety Executive (HSE) mandates that the system must be packaged to ensure safe transportation via road, air, and sea, adhering to ADR, IATA, and IMDG regulations. Conversely, Army Land HQ has expressed the need for the system to operate dependably, be conveniently transportable, and maintain safety during all stages of service.

[bookmark: _Toc166339152]Aim & Objectives: 
The objective of this endeavour is to create a 40mm munition suitable for operation in diverse climates. This system must effectively engage foot mobile infantry and entrenched positions, while seamlessly integrating with the 40mm CTA-s40 Autocannon & Ajax IFV platform. Through a systems engineering approach, the aim is to design a munition aligning with customer specifications and propose a production-ready concept.

[bookmark: _Toc166339153]Systems Analysis:
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Figure 1: Illustrates the processes integral to this report, delineating how the intricate web of processes subdivides into subsections to meticulously gather fine details related to subsystems and the overarching system. It's essential to recognize that, owing to the scalability of a systems engineering approach, the displayed outline represents merely the surface, with macro studies of each subsection also warranting consideration.

[bookmark: _Toc166339154]Mapping Customer Requirements
The functional requirements for the new 40mm autocannon round to be utilized with the CTA-S40 autocannon on the Ajax infantry fighting vehicle (IFV) include high-explosive (HE) fragmenting capabilities to effectively engage targets, with the system being versatile enough to target foot mobile infantry, entrenched infantry, and soft-armoured vehicles across hot, cold, and temperate environments. Additionally, the round's packaging must adhere to ADR, IATA, and IMDG regulations to ensure safe transportation via road, air, and sea. 
Non-functional system requirements encompass the necessity for reliability under diverse environmental conditions and combat scenarios, safety standards compliance mandated by DOSR, HSE, and Army Land HQ, seamless integration with existing infrastructure, consistent performance in accuracy, range, and lethality, durability for field deployment and storage, ease of maintenance to minimize downtime, and adherence to relevant military standards, regulations, and safety protocols throughout design, production, and transportation.

[bookmark: _Toc166339155]First Quality Function Deployment’s (Whole System)
These can be mapped into a Quality Function Deployment Matrix (QFD), which compares functional requirements against nonfunctional system requirements, plays a crucial role in product or system development. It ensures alignment between functional objectives and broader performance criteria by mapping functional requirements to corresponding nonfunctional system requirements. This alignment aids in prioritizing design efforts and resource allocation, highlighting critical nonfunctional requirements essential for achieving desired functionality and overall system performance. Additionally, the QFD matrix enables trade-off analysis between functional and nonfunctional requirements, facilitating informed decision-making when balancing competing priorities. By promoting cross-functional communication and collaboration [16], it fosters a shared understanding of design goals and constraints among different stakeholders [17]. Moreover, the QFD matrix supports continuous improvement efforts throughout the product or system lifecycle by identifying areas for refinement and optimization to better align functional objectives with system characteristics [18]. The QFD process delineate both quantitative and qualitative parameters essential for meeting the customer's demands [19]. This was achieved by subjecting customer requirements to a House of Quality Matrix and establishing correlations with Nonfunctional requirement [20]. 

[bookmark: _Toc166339156]Function Means Analysis (Design) 
Function Means Analysis (FMA) is a structured approach employed to identify and assess diverse methods or strategies for attaining a specific function or objective within a system or process. It entails decomposing the desired function into its fundamental components and investigating alternative approaches for its achievement. Throughout FMA, each potential means or method undergoes scrutiny regarding its feasibility, efficacy, efficiency, and pertinent criteria. The primary goal of the analysis is to pinpoint the most suitable means for fulfilling the function while considering factors like cost-effectiveness, dependability, safety, and resource availability. FMA typically entails collaborative brainstorming, rigorous evaluation, and the selection of optimal means or a combination thereof to enhance the performance of the system or process.

	[image: A table with text on it

Description automatically generated]
Figure 2:  The Function Means Analysis visually presents proposals for fulfilling customer requirements. In this depiction, two potential designs are outlined: the first design is marked with yellow boxes, while the second design is highlighted in orange. Although unconventional at this stage, this approach appeared effective in visually capturing requirements and hypothesizing solutions.
 


[bookmark: _Toc166339157]FFMEA – Early Failure Mode analysis

Failure mode analysis can act as a pivotal link between QFD phases 1 and 2 by providing insights into potential failure modes associated with the proposed designs. In phase 1 of QFD, the focus is on identifying customer requirements and translating them into technical specifications. Once these specifications are established, failure mode analysis can be conducted to anticipate potential failure modes or malfunctions that may occur during the implementation of the proposed designs. Analysing failure modes allows teams to pinpoint weaknesses or vulnerabilities in the proposed designs that may hinder them from meeting customer requirements. This information can then be incorporated into phase 2 of QFD, where the design requirements obtained from phase 1 are evaluated against the part requirements derived from failure mode analysis. This ensures that the design solutions chosen in phase 2 not only satisfy customer requirements but also address potential failure modes and mitigate associated risks.	Comment by Stephen McAgnus: Need to add references to this section
[bookmark: _Toc166339158]System Pugh Analysis (Whole System)
In addition to the aforementioned methods, the System Pugh approach serves as a valuable tool in the decision-making process. It not only considers the customers' requirements but also employs an unbiased assessment to identify the most critical requirements that warrant primary focus. This systematic methodology ensures that the priorities are aligned with the most significant needs of the customers, thereby enhancing the likelihood of meeting their expectations effectively.	Comment by Stephen McAgnus: references
Moreover, the System Pugh approach extends its utility beyond prioritizing requirements. It facilitates a comprehensive evaluation of alternative solutions to a given problem. By systematically comparing various options against predetermined criteria, it enables decision-makers to gain a deeper understanding of the strengths, weaknesses, and trade-offs associated with each alternative. This holistic assessment empowers engineers to make informed decisions, selecting the solution that best aligns with the project objectives and customer needs. In essence, the System Pugh approach serves as a versatile and robust framework for decision-making in complex engineering and design scenarios. Its emphasis on customer-centricity, objectivity, and systematic analysis enhances the quality of decisions, ultimately leading to the development of solutions that are more aligned with customer expectations and project goals.

[bookmark: _Toc166339159]Second Round of QFD (Whole System)
The outcomes derived from the aforementioned processes are subsequently subjected to another QFD analysis. This second phase of QFD evaluates the design requirements acquired from the initial phase against the part requirements identified through the Failure Mode Analysis (FMA). This process yields functional outputs that must be incorporated into the system's design, potentially delineating the optimal course of action to pursue such as break-down of task. By the end of the second QFD, a rudimentary design/ concept should be produced. 
[bookmark: _Toc166339160]Functional Flow (Whole System) 	Comment by Stephen McAgnus: Move this to post QFD 2… Then reitterate the function means with how it’s made.. 
A functional flow delineates the sequential progression of activities or processes within a system or organization to achieve a specific function or objective. It outlines the logical sequence of steps, tasks, or operations necessary for completing a process, delivering a product, or providing a service. Each step contributes to the overall functionality of the system, with inputs feeding into each stage and outputs resulting from the process. Typically initiated by an initial trigger or input, the flow progresses through various stages until the desired outcome is attained. Represented graphically through diagrams or flowcharts, functional flows are vital for understanding, analysing, and optimizing processes, as well as for communicating and documenting procedural information within an organization. By implementing this process at this stage gives an understanding of how all of the processes combine to generate the function of the system. This will later help with identifying key and critical components ensuring that they meet the customer requirements. 
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Figure 3 Displays the functional flow of the operation of the munition being designed, this functional flow assists engineers in establishing the function means.



[bookmark: _Toc166339161]P-Diagram (Whole System) 
As the design progresses, it moves into a phase where the integration of multiple factors becomes imperative for its development. This pivotal stage, often referred to as a parameter diagram, marks a critical juncture in the design process. Within the framework of a P-Diagram, various types of factors such as signal factors, noise factors, and control factors are meticulously analysed and juxtaposed against each other. Through this comprehensive evaluation, engineers aim to discern the intricate relationships between these factors and their potential impact on the desired outputs. By identifying and understanding these relationships, the design team gains valuable insights into potential sources of interference or variation that may affect the overall performance and quality of the system. Thus, the parameter diagram serves as an indispensable tool for refining the design and mitigating potential risks or challenges that may arise during implementation.

[bookmark: _Toc166339162]What Why Table (Design Solutions)
Once control factors and noise factors have been pinpointed within the P-Diagram phase, they are systematically integrated into a "what-why Table." This detailed table serves as a comprehensive repository, meticulously outlining the intricate interactions between these factors. By scrutinizing these interactions, potential weaknesses within the design are illuminated, providing invaluable insights for the design team. This focused analysis empowers designers to strategically prioritize these identified features for emphasis and optimization. Through targeted refinement and enhancement of these critical aspects, designers can fortify the design's resilience and effectiveness, thereby ensuring its robustness and ability to meet or exceed performance expectations.

[bookmark: _Toc166339163]Function Means Analysis (Design Solutions)
In the Function Means Analysis (FMA) process, exhaustive exploration and assessment of diverse approaches are conducted to discern the most suitable means for accomplishing a predefined goal or objective. By meticulously mapping out a range of options, the FMA aims to identify solutions that not only align with customer-defined criteria but also optimize cost-effectiveness, reliability, and safety parameters.
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Figure 4 Displays the Function means analysis performed on the design, this extrapolates the functions needed in order to the design to work.
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Figure 5 Displays a basic concept of the telescoped munition, what is notable from this concept is that the munition must be within the confines of the shell casing in order to function with the CTA-s40 Gun platform. Sections in a metallic silver denote the munitions base, sections in green denote the casing and the end cap, black denotes a frangible stem, and the yellow denotes the HE filled munition. This concept was developed in AutoDesk Fusion 360, and rendered via AutoDesk Cloud Render. 



[bookmark: _Toc166339164]Breakdown of task:
Given the complexity of the system under consideration, it has been determined that further analysis will be subdivided into three sections: one focusing on the projectile, casing, and contained propellant; another on the fuzing and arming mechanism, and finally the assembly of the whole article. This report has highlighted several crucial customer requirements and stakeholder inputs essential for meeting the customer's expectations. To ensure these requirements are adequately addressed, various systems engineering tools will be applied to evaluate the proposed concept. Initially, a pairwise comparison will be employed to pinpoint the most important requirements, enabling their prioritization [21].
[bookmark: _Toc166339165]System analysis upon the Projectile:
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[bookmark: _Hlk166337252]Figure 6 displays the functional flow to enable to production of the projectile. This incorporates the filling of HE and accounts for the frangible sections that contribute towards function.
[bookmark: _Toc166339167]FMA: Manufacturing solutions
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Figure 7 Displays the function means analysis for how the projectile will be manufactured. In Yellow are the primary choices for manufacture, in orange are optional means of manufacture.

[bookmark: _Toc166339168]Third Round of Quality Function Deployment: Projectile
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Figure 8 Displays the results from QFD 3 of the projectile, this has identified that etching of the preformed fragmentation is the most important feature to focus upon, followed by how the explosives are filled, and the head treatment processes.
[bookmark: _Toc166339169]P-Diagram 
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Figure 9 - The p-diagram illustrates the projectile intended for this design, highlighting various noise factors that may lead to adverse system outputs. Hypothesized controls are proposed to mitigate these noise factors.
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Figure 10 – Displays the key control factors to apply in the manufacture of the projectile. This was established through a  what-why analysis process, outlining what controls have the most substantial effect in controlling the output. This was ranked by assigning the noise factors against the controls in relation to weighing of the control parameter. 
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Figure 11 Displays the key noise factors associated with producing a projectile for this munition, this was established through a ranking system implemented by a what-why analysis, this diagram visualises what the most significant noises are during the manufacture process.

[bookmark: _Toc166339171]Fourth Round of Quality Function Deployment: Projectile
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Figure 12 – displays the fourth round of quality function deployment, this highlights the most important control measure to apply in the production of the projectile for this munition. 

[bookmark: _Toc166339172]System analysis upon the Casing & Propellant:

The casing structure possessed intricate design characteristics, primarily to ensure compliance with the CTA-S40 autocannon breach requirements. Consequently, in the production of a telescoped munition of this calibre, the casing had to be disassembled into components to facilitate the manufacturing process.

[bookmark: _Toc166339173]Functional Flow: Manufacturing
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Figure 13 - Figure 14 displays the functional flow to enable to production of the casing and propellent. This incorporates the production of propellant and accounts for the frangible sections that contribute towards function.

[bookmark: _Toc166339174]FMA: Manufacturing Solutions 
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Figure 15 - Figure 16 Displays the function means analysis for how the casing structure and associated components will be manufactured. In Yellow are the primary choices for manufacture, in orange are optional means of manufacture.

[bookmark: _Toc166339175]Third Round of Quality Function Deployment: Casing & Propellant
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Figure 17 - Displays the results from QFD 3 of the casing, this has identified that the insertion of the frangible end is the most important feature to focus upon, followed machining the primer well and frangible attachment points, additionally this highlights the need to focus on the mixing of propellant and ensuring adequate attention is paid towards cutting the propellant grains to the correct size.

[bookmark: _Toc166339176]P-Diagram 
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Figure 18 - The p-diagram illustrates the propellant intended for this design, highlighting various noise factors that may lead to adverse system outputs. Hypothesized controls are proposed to mitigate these noise factors.
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Figure 19 - The p-diagram illustrates the base structure of the telescoped munition intended for this design, highlighting various noise factors that may lead to adverse system outputs. Hypothesized controls are proposed to mitigate these noise factors.
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Figure 20- The p-diagram illustrates the cylinder structure of the telescoped munition intended for this design, highlighting various noise factors that may lead to adverse system outputs. Hypothesized controls are proposed to mitigate these noise factors.
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Figure 21- The p-diagram illustrates the end cap structure of the telescoped munition intended for this design, highlighting various noise factors that may lead to adverse system outputs. Hypothesized controls are proposed to mitigate these noise factors.







[bookmark: _Toc166339177]What-Why Analysis
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Figure 22 - Displays the key control factors to apply in the manufacture of the propellent to be used in the casing structure. This was established through a  what-why analysis process, outlining what controls have the most substantial effect in controlling the output. This was ranked by assigning the noise factors against the controls in relation to weighing of the control parameter.
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Figure 23 - Displays the key noise factors associated with producing a propellant  for this munition, this was established through a ranking system implemented by a what-why analysis, this diagram visualises what the most significant noises are during the manufacture process.
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Figure 24 - Displays the key control factors to apply in the manufacture of the cylinder to be used in the casing structure. This was established through a  what-why analysis process, outlining what controls have the most substantial effect in controlling the output. This was ranked by assigning the noise factors against the controls in relation to weighing of the control parameter.
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Figure 25 - Displays the key noise factors associated with producing a cylinder to be used in the construction of the casing for this munition, this was established through a ranking system implemented by a what-why analysis, this diagram visualises what the most significant noises are during the manufacture process.
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Figure 26 Displays the key control factors to apply in the manufacture of the base to be used in the casing structure. This was established through a what-why analysis process, outlining what controls have the most substantial effect in controlling the output. This was ranked by assigning the noise factors against the controls in relation to weighing of the control parameter.
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Figure 27 - Displays the key noise factors associated with producing a base for the casing of this munition, this was established through a ranking system implemented by a what-why analysis, this diagram visualises what the most significant noises are during the manufacture process.
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Figure 28 - Displays the key control factors to apply in the manufacture of the end cap  to be used in the casing structure. This was established through a what-why analysis process, outlining what controls have the most substantial effect in controlling the output. This was ranked by assigning the noise factors against the controls in relation to weighing of the control parameter.
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Figure 29 - Displays the key noise factors associated with producing a base for the casing of this munition, this was established through a ranking system implemented by a what-why analysis, this diagram visualises what the most significant noises are during the manufacture process.


[bookmark: _Toc166339178]Fourth Round of Quality Function Deployment: Casing & propellant
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Figure 30 - displays the fourth round of quality function deployment, this highlights the most important control measure to apply in the production of the propellant in the casing for this munition.
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Figure 31 - displays the fourth round of quality function deployment, this highlights the most important control measure to apply in the production of the base of the casing for this munition.
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Figure 32 - displays the fourth round of quality function deployment, this highlights the most important control measure to apply in the production of the cylinder of the casing for this munition.
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Figure 33 - displays the fourth round of quality function deployment, this highlights the most important control measure to apply in the production of the end cap of the casing for this munition.


[bookmark: _Toc166339179]Systems Analysis upon the Assembly: 
Function Flow Assembly: 
A functional flow diagram is a graphical representation that illustrates the flow of activities, processes, or operations within a system or organization to achieve a specific function or objective. It visually depicts the sequence of steps, tasks, or functions involved in completing a process or delivering a product or service. Functional flow diagrams typically use symbols, arrows, and other graphical elements to represent different components of the system, their relationships, and the flow of information or materials between them. These diagrams help stakeholders visualize and understand how various elements interact and contribute to achieving the desired outcome, facilitating analysis, optimization, and improvement of processes or systems. 
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Figure 34 Displays the breakdown of tasks that need to be accomplished in order to successful assemble the proposed munitions design.

[bookmark: _Toc166339180]Function Means Analysis Assembly

Function Means Analysis: Assembly
A function means analysis will have been completed at other stages, this would have highlighted how the munition would be intended to function in operation. However at this stage a function means analysis looks into the best method of achieving the aforementioned Functional Flow.  
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Figure 35 displays the function means analysis of the assembly process. The boxes that are highlighted in yellow display the options that will be taken forward for the assembly aspect of production.

[bookmark: _Toc166339181]Third Round of Quality Function Deployment: Assembly
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Figure 36- Displays the results from QFD 3 of the assembly process, this has identified that the attaching the fuze is the most critical step to devote attention to.

[bookmark: _Toc166339182]P – Diagram
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Figure 37 - Figure 20- The p-diagram illustrates the end cap structure of the telescoped munition intended for this design, highlighting various noise factors that may lead to adverse system outputs. Hypothesized controls are proposed to mitigate these noise factors.

[bookmark: _Toc166339183]What, Why Analysis: 
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Figure 38 - Displays the key control factors to apply during the assembly process of the manufacture cycle. This was established through a what-why analysis process, outlining what controls have the most substantial effect in controlling the output. This was ranked by assigning the noise factors against the controls in relation to weighing of the control parameter.
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Figure 39 - Displays the key noise factors associated with assembly process of this munition, this was established through a ranking system implemented by a what-why analysis, this diagram visualises what the most significant noises are during the manufacture process.
[bookmark: _Toc166339184]Fourth Round Of Quality Function Deployment: Assembly
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Figure 40 - displays the fourth round of quality function deployment, this highlights the most important control measure to apply in the assembly process for this munition.
[bookmark: _Toc166339185]Discussion: 

	Findings from this investigation have revealed that stringent quality control measures should be implemented at various stages of the manufacturing process for this telescoped munition. These measures will enable periodic inspections of component parts to verify proper fitment and to detect any potential degradation or damage, ensuring the reliable functionality of the munition and ultimately meeting customer satisfaction. Additionally, to this, there should be strict maintenance and calibration of all associated precision processes, ensuring that the products being output are less likely to be rejected. This leads onto another finding, there is a general trend in the results to suggest that the environment where these munitions are produced must be adequate, i.e. must retain the correct humidity and temperature conditions to reduce the likelihood of degrading either the High Explosive or propellant. However, it should be noted that there are additional areas of study that would make this report more robust. Failure mode analysis could be employed to assess what would be the outcome should the worst happen. This could be implemented at several stages of the process, from the overall design to the means in manufacture. 
One of the primary advantages of systems engineering is its inherent flexibility to accommodate diverse requirements. For instance, when incorporating a subsystem into a platform, the streamlined process reduces the number of necessary steps, enhancing efficiency. Moreover, the scalability of the approach enables comprehensive investigations spanning from platform-level considerations to intricate microelectronic structures, ensuring thorough analysis and optimization. It's important to recognize that a systems engineering approach can rapidly become overwhelming, particularly as tasks grow in complexity and detail refinement [19].
Embracing a systems engineering methodology offers a wealth of benefits that extend beyond error anticipation and prevention. By systematically applying tools and techniques inherent in this approach, organizations gain a comprehensive understanding of their systems, fostering a proactive stance towards error management. This proactive stance not only minimizes the likelihood of errors occurring but also enhances overall system reliability and performance [19] [20]. Furthermore, the systematic analysis facilitated by systems engineering enables the early detection of inefficiencies or vulnerabilities within existing systems, empowering decision-makers to allocate resources strategically. This targeted resource allocation ensures that weaknesses are addressed promptly, bolstering system resilience and adaptability in the face of evolving challenges [21]. Ultimately, the adoption of a systems engineering mindset instils a culture of continuous improvement and innovation, driving organizational success and competitiveness in today's dynamic environment.
Additionally, it has become evident that the task of designing a novel system to seamlessly integrate with established infrastructure presents considerable complexities. This challenge is exacerbated by the methodologies delineated in this report. Aligning the new system with existing infrastructure necessitates meticulous planning, coordination, and adaptation to ensure compatibility and minimize disruptions. Moreover, the intricacies involved in interfacing with legacy systems, varying technological standards, and evolving operational requirements further compound the design process. Therefore, a nuanced approach that considers the unique intricacies of the existing infrastructure alongside innovative design principles is imperative to overcome these hurdles and achieve successful integration and interoperability [22]. 

Despite its merits, this method harbours inherent subjectivity and vulnerability to external influences, particularly human behaviour. Even when meticulously designed, processes can succumb to human tendencies to seek convenience, inadvertently heightening risks. Additionally, the efficacy of this approach heavily relies on the expertise of individuals tasked with evaluations. However, within the defence sector, the scarcity of adequately qualified and experienced personnel poses a significant obstacle, akin to an epidemic affecting the industry. Consequently, the implementation of these methodologies is often marred by challenges, increasing the likelihood of failure despite unwavering confidence in their effectiveness. Thus, vigilant attention to detail and robust mitigation strategies are imperative to mitigate such risks and ensure successful outcomes.
In today's dynamic and competitive landscape, ensuring the robustness and efficacy of processes is paramount for organizations striving to meet and exceed customer expectations. While the existing process may serve as a foundation, there is often room for improvement through the integration of supplementary steps and methodologies. One such method gaining traction for its effectiveness is the Taguchi experimental model, renowned for its systematic and data-driven approach to optimization. By incorporating the Taguchi experimental model into the workflow, organizations can elevate their testing and evaluation procedures to a new level of precision and reliability. This approach offers a structured framework for systematically varying key process parameters and analysing their impact on the final output. Through carefully designed experiments, it becomes possible to assess and optimize critical steps to ensure they align closely with customer requirements [23] [8] [24].
For instance, in the context of munitions development, the Taguchi model enables rigorous testing of various performance parameters. By subjecting munitions to simulated scenarios involving entrenched or line-of-sight targets, engineers can gather invaluable data on performance under real-world conditions. Similarly, evaluating different packaging methods for transportation requirements allows for informed decision-making to enhance product safety and integrity throughout the logistics chain. Furthermore, the integration of such methodologies helps mitigate reliance on scarce or specialized expertise. In scenarios where the product under development is innovative or where there's a shortage of experienced personnel due to inadequate investment, the Taguchi model provides a structured approach for testing and optimization [25]. 

This democratization of the optimization process ensures that decisions are based on empirical data rather than subjective judgments, thus reducing the risk of errors or oversights. While implementing these additional steps may entail upfront costs and resource allocation, the long-term benefits far outweigh the initial investment. By proactively optimizing processes and products before full-scale production, organizations can avoid costly rework, delays, and customer dissatisfaction down the line. Ultimately, embracing methodologies like the Taguchi experimental model exemplifies a proactive approach to quality management, setting the stage for sustainable success and customer satisfaction in the ever-evolving marketplace [23].
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