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Introduction

The class was tasked to undertake the Principles of Systems Engineering process for a Shaped Charge. Each group was given a part of the shaped charge to conduct their work on. The 3 parts of the shaped charge that were assigned were the filling, the case, and the overall shaped charge system. The group was assigned the casing part. Customer requirements needed to be identified as well as the munitions required functionalities. Once both were completed other more in-depth research and work could be completed such as QFDs, to gain a better understanding of the more important requirements and features of a Shaped Charge.
 
We are required to explain how the toolset was used to propose a solution to the case study and assist the design process via the identification of:
·Key customer requirements.
·Critical system functionality.
·Concept derivation and design choices
·Potential failure modes.
·Critical design features.
·The manufacturing processes involved.
·Critical process steps.
·Process control measures. 
 
Systems Engineering 
 
Systems engineering is a field that spotlights planning, examining, and overseeing complex frameworks. To create systems that are both effective and efficient, it requires considering a variety of components, interactions, and requirements. It guarantees that all pieces of a framework cooperate agreeably to accomplish the wanted results. Systems Engineering is utilized in different ventures, including aerospace, defence, transportation, and innovation. It focuses on the bigger picture when dealing with designing, where you check out the whole framework and how every one of the pieces fits together. [1]
It's a multidisciplinary approach that combines engineering, science, and management principles to tackle complex problems. Systems engineers analyse the needs and requirements of a system, consider its functionality, performance, and safety, and then design and integrate the different components to create a cohesive and efficient system.
The importance placed on a system's entire lifecycle is one of the most important aspects of systems engineering. This incorporates its design, development, testing, implementation, operation, and maintenance. To ensure that the system fulfils all requirements and functions effectively, systems engineers collaborate closely with various stakeholders, including customers, end users, and other engineering disciplines. 
Systems engineering is utilized in a great many enterprises, from building and foundation tasks to creating trend-setting innovations. It enhances a system's overall performance, reduces risks, and helps manage complexity. By adopting an all-encompassing strategy and considering the collaborations and conditions between various parts, framework designing intends to make reliable, cost-effective, and sustainable solutions.
 
 
Shaped charge
 
A shaped charge, also known as a shaped charge, is a type of explosive device that is designed to focus the energy of the explosion into a specific direction. It consists of a hollow cone or liner filled with explosive material. When the charge is detonated, the explosive force is directed towards a specific target, creating a high-velocity jet of metal that can penetrate armour or other fortified structures. Shape charges are commonly used in military applications, such as anti-armour weapons, to neutralize enemy vehicles and fortifications. [2]
 
The casing of a shape charge is the external holder that holds the explosive material. A shape charge's casing acts as a protective shell for the explosive material. It coordinates the power of the blast in a particular heading to make an ideal impact. The state of the packaging can shift contingent on the expected application and the ideal result. It plays a significant part in moulding the charge's viability. The casing of a shape charge assumes a significant part in its exhibition. It assists in directing the explosion's energy in a particular direction, resulting in the formation of a high-velocity metal jet capable of piercing armoured targets. The shape and plan of the packaging decide the shape and viability of the subsequent fly. By controlling the shape and heading of the touchy power, the packaging upgrades the exhibition of the shape charge. The state of the packaging can affect the fly's speed. A very much planned packaging helps shape the explosive force, guiding it towards the objective. The state of the packaging can impact the arrangement and speed increase of the fly, influencing its speed. By advancing the shape, architects can upgrade the fly's speed and entrance capacities.

Requirement Sets 
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In Systems Engineering, requirement sets allude to an assortment or gathering of system requirements that relate to a particular viewpoint or capability of the framework. The numerous requirements that must be addressed during the system development process can be organized and categorized with the assistance of requirement sets. Every necessity set centres around a particular region and contains multiple prerequisites that are pertinent to that part of the framework. By gathering requirements into sets, frameworks architects can more readily oversee and focus on the various parts of the framework, guaranteeing that all essential requirements are appropriately caught, examined, and tended to. This helps in maintaining clarity, traceability, and consistency throughout the system development lifecycle. [3]

The munition casing has multiple customer requirements. These requirements cover a large number of various regions, for example, safety, cost and performance. Each category of requirements has an originator, and the requirement is put in place to help them. For instance, the performance category is set up to help the Team/End Client which will involve the munition completely.

Pairwise Comparison of requirements
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Pairwise comparisons of requirements in systems engineering involve systematically comparing and prioritizing different requirements based on their relative importance or priority. This cycle helps in understanding the compromises and conditions among requirements and helps with settling on informed choices during framework plan and advancement. In pairwise comparisons, two requirements are chosen at a time, and their significance or need is assessed by contrasting them against one another. This correlation is regularly done using a scale or rating framework, for example, relegating a mathematical worth or utilizing subjective terms like more of less significant. [4]

By conducting pairwise comparisons for all relevant requirements, systems engineers can establish a priority order or ranking for the requirements. This aides in distributing assets, going with plan choices, and guaranteeing that the most crucial requirements are tended to first. Pairwise examinations are in many cases utilize in strategies like Quality Function Deployment (QFD) to help navigation and focus on requirements in view of different measures, like expense, execution, and client needs. 

After directing the pairwise comparison the most important function was “That the Tank Crew Requires that the system shall be accurate”. This makes sense as without accuracy the system will not perform as intended. This is a safety and a performance requirement. 
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“The tank crew requires that the system shall have consistent performance” was the next important function. This makes sense as the crew must be able to use consistent figures on performance to predict the overall effect likely to happen. This is also a safety and performance critical requirement.

Required Functionality
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Required functionality refers to the specific capabilities and features that a system must possess to meet the needs and expectations of its users. In systems engineering, characterizing the expected usefulness is a crucial step toward the improvement cycle as it helps in figuring out what the framework ought to have the option to do. Systems engineers collaborate closely with stakeholders to comprehend their requirements, collect requirements, and define the desired system behaviour to identify the required functionality. This entails specifying the system's inputs, outputs, interfaces, performance criteria, and any other features that are required for the system to accomplish its intended goal. Systems engineers are able to guarantee that the system achieves its intended goals and performs as expected by clearly defining the necessary functionality. It guides the entire system development process by serving as the foundation for system design, development, testing, and validation. [5]

QFD 1

A QFD stands for Quality Function Deployment. It's a method used to translate customer requirements into design and production processes. It guarantees that items and administrations meet customers’ expectations. Involving QFD in product development has multiple advantages. It assists companies with better comprehension of the customers necessities and preferences, prompting the making of items that line up with customers assumptions. QFD additionally further develops correspondence and coordinated effort among various groups associated with the advancement cycle. By considering customers prerequisites from the get-go, QFD can assist with lessening plan cycles and expensive changes later. [6]
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Above is the QFD constructed for the munition casing. The QFD rating are either one of four scores. They are:
-          Blank = not related at all
-          1 = slightly related
-          3 = related
-          9 = very related

The QFD 1 will show how the required functions relate to the customer requirements. For instance, provide motive force is extremely connected with the way that the tank team expect that the weapons framework will obliterate the predefined target.  Without the situation giving the perfect proportion of rationale force the framework will not annihilate the predefined target.
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Functional Importance’s was done to determine which of the steps was most important in the process. It was identified that providing motive force was the most important functional step. This was followed by the loading of munition. 
Functional Means Analysis
A functional means analysis is a process used to distinguish the different ways or techniques to accomplish a particular capability or objective. It includes separating a capability into its constituent components and examining the various means or ways of achieving it. Understanding the various strategies or approaches that are available to achieve the desired result is made easier by this analysis. Leading a functional means analysis has a few advantages. It aids in the identification of alternative approaches to completing a particular task, which can result in increased effectiveness and efficiency. It likewise advances development and innovativeness by investigating various means to achieve an objective. Additionally, process optimization, decision-making, and problem-solving can all benefit from a functional means analysis. Overall, it makes it possible to have a deeper comprehension of the choices that are available and may result in improved outcomes. [7]
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Once multiple functional means for each function had been identified, they needed to be narrowed down to the most effective ones. The yellow featured squares are the best functions for that capability and have the higher possibility being taken forward to the following phase of the frameworks designing interaction. For this situation it was recognized that to give adequate thought process compel involving granular charge in the design is ideal. With granular force there is further developed security as it is less sensitive to shock and affect contrasted with conventional explosives. This consequently lessens the possibility of incidental explosion during handling and transporting the explosive. 
Another functional mean implies that was recognized to eliminate heat from the framework was to utilize a metal truck case. The justification for this is on the grounds that metal has a generally high intensity limit which implies it can retain and store a lot of intensity hence removing it from the framework permitting it to chill off.

Feature Importances
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Feature importance alludes to the importance or relevance of various elements or factors in a given setting or examination. It is a proportion of how much a specific component adds to the general result or execution of a framework, model, or cycle. Deciding feature importance can help in understanding which elements have the most impact and can direct navigation, prioritization, and asset assignment. It is normally utilized in different fields, for example, data analysis, machine learning and product development. [8]

Control Factors
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In an experiment or study, control factors, also known as control variables, are variables that are kept the same or changed to isolate the effects of other variables. They are utilized to guarantee that any noticed changes or results are because of the independent variable being tried and not affected by different elements. Control factors assist specialists with laying out circumstances and logical results connections by limiting the effect of perplexing factors. By keeping control factors reliable, specialists can zero in on the impacts of the factors they are keen on examining. In information examination, control factors are utilized to represent the impact of specific factors that might frustrate the connection between the free and subordinate factors. By incorporating control factors in the examination, researchers can segregate the impacts of the autonomous variable of interest and better figure out its effect on the reliant variable.
To draw more accurate and reliable conclusions from the data, control factors ensure that any observed relationships are not caused by the influence of other factors. Control factors assist with limiting puzzling factors by holding specific factors consistent or controlling them. By doing so, researchers can separate the impacts of the free factor they are keen on contemplating. This guarantees that any noticed changes or results are not impacted by different elements, considering a clearer comprehension of the connection between the free and subordinate factors. Basically, control factors assist researchers separate the signal of interest from the noise of confounding variables, prompting more dependable and legitimate outcomes in data analysis. [9]

Noise Factors
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Noise factors, in data analysis, allude to random or unessential factors that can bring inconstancy or error into the data. The true relationship between the independent and dependent variables may be obscured or distorted by these factors, which are unrelated to the variables of interest. Noise factors can emerge from different sources like measurement errors, natural circumstances, or individual contrasts. Limiting the effect of noise factors is significant in information examination to guarantee that the noticed examples or connections are not exclusively because of irregular variances or outer impacts. [10]
 A few common sources of noise factors in information examination incorporate sampling variability, environmental conditions, human error, and instrument limitations. Measurement blunders can happen because of mistakes in information assortment or recording. sampling variability alludes to the regular variety that can emerge while concentrating on a subset of a bigger populace. Environmental conditions mean factors like changes in temperature or lighting, can bring commotion into information. Noise can also be caused by human error, such as bias or inconsistent data entry. Also, limits in the instruments or apparatuses utilized for information assortment can present noise factors. It's critical to distinguish and represent these sources of noise to guarantee precise and reliable data analysis.

Functional Analysis
Functional analysis is a method used to understand the relationship between behaviour and its environmental factors. It involves examining the antecedents (triggers) and consequences (reinforcements) that influence a particular behaviour. By analysing these factors, we can gain insights into why a behaviour occurs and develop strategies to modify or manage it effectively. Functional analysis is often used in fields such as psychology, behaviour therapy, and education.

Key customer requirements
Key customer requirements refer to the essential needs and expectations that customers have for a product or service. These requirements are the qualities, functions, or features that customers value most highly and that ultimately determine which product or service they choose. By getting it and meeting these key customer requirements, organizations can guarantee consumer loyalty and fabricate solid associations with their clients. Everything revolves around conveying what the clients want and need.

Critical system functionality
Critical system functionality refers to the essential functions or capabilities that a system must have to perform its intended purpose effectively. The system must have these features to function properly and satisfy users' requirements. They are the central highlights or activities that are vital for the framework to work appropriately and convey its planned worth. Without these critical functionalities, the framework will most likely be unable to play out its necessary undertakings or live up to the assumptions of its clients. It is essentially the backbone of the system, ensuring that it can carry out its functions successfully.
 
Concept derivation and design choices
Concept derivation refers to the process of developing or deriving new ideas or concepts based on existing ones. It involves taking inspiration from existing concepts and using them as a foundation to create something new or improved. Concerning "design choices," they allude to the choices made during the plan interaction of an item, administration, or framework. Design choices include choosing and focusing on specific elements, styles, functionalities, or innovations to accomplish explicit objectives or meet customer requirements. These choices may have a significant effect on the design's success, functionality, and overall user experience. Overall, concept derivation is the process of coming up with new concepts from existing ones. Design choices are the decisions made during the design process to create a product or system that meets specific user needs and goals.
 
Potential failure modes
Potential failure modes refer to the various ways in which a system, product, or process can fail to perform its intended function or meet its desired outcomes. These failure modes are the potential ways in which something can turn out badly or not work as expected. Identifying potential failure modes is an important part of risk assessment and mitigation. By understanding the potential manners by which a framework can fail, designers and engineers can go to proactive lengths to forestall or moderate those failures. It helps in robust systems and implementing appropriate safeguards to guarantee that failure is limited or managed effectively. As a result, potential failure modes are the various ways that things can go wrong. If we are aware of them, we can take steps to either stop them or deal with them. Everything revolves around being ready and proactive in guaranteeing the unwavering quality and execution of a framework or item.
 
Critical design features
Critical design features refer to the essential elements of a design that are crucial for its success and functionality. These features are the specific design elements or characteristics that are necessary for a product, system, or service to meet its intended purpose and deliver value to its users. Critical design features can fluctuate contingent on the unique situation and the idea of the plan. Recognizing and focusing on critical design features is critical to guarantee that the plan addresses client issues, proceeds as expected, and gives a positive client experience. These elements are in many cases the central parts that make a plan viable and effective. Thus, critical design features are the fundamental components of a plan that are vital for its usefulness and to meet client requirements. They are the key ingredients that make a design stand out and perform at its best.
 
Manufacturing process
Manufacturing processes allude to the strategies and procedures used to change natural materials or parts into completed items for a large scope. These cycles include a progression of steps and tasks that are carefully arranged and executed to guarantee the proficient and reliable creation of products. Manufacturing processes can differ contingences on the kind of item being made and the business in question. Casting, machining, forming, welding, assembly, and packaging are all common forms of manufacturing. Each interaction has its arrangement of procedures, apparatuses, and hardware that are utilized to shape, join, or collect the materials into the ideal result. These cycles frequently include a mix of physical work and mechanized hardware, with an emphasis on quality control and effectiveness. Manufacturers strive to upgrade their cycles to limit squandering, decrease costs, and convey items that meet the necessary determinations and principles. In this way, manufacturing processes are the strategies and methods used to change unrefined components into completed items on a large scale.
 

Critical process steps
Critical process steps refer to the specific stages or actions within a process that are crucial for its success and desired outcomes. These means are the vital parts or activities that should be executed accurately and really to guarantee the general outcome of the cycle. Critical process steps can change contingent on the idea of the cycle and the business in question. For instance, in a manufacturing process, critical steps might incorporate material inspection, precise measurements, quality control checks, assembly procedures, and final product testing. Distinguishing and focusing on critical process steps is vital to guarantee that the interaction is completed without error and carried out proficiently. These means are many times the ones that mostly affect the general result and progress of the cycle. Thus, basic interaction steps are the fundamental stages or activities inside a cycle that are pivotal for its prosperity and wanted results. They are the key achievements that should be executed to accomplish the ideal outcomes.
 
Process control measures. 
Process control measures refer to the strategies and techniques implemented to monitor and regulate a process to ensure that it meets the desired quality standards and specifications. These measures are put in place to maintain consistency, minimize variations, and optimize the overall performance of the process. Process control measures can incorporate various strategies and instruments relying upon the process and industry. The motivation behind process control measures is to guarantee that the cycle reliably delivers items or administrations that fulfil the expected guidelines and determinations. By executing these actions, associations can limit waste, reduce defects, improve efficiency, and ultimately deliver high-quality products to their customers. Thus, process control measures are the methodologies and strategies used to screen and manage an interaction to keep up with quality standards and optimize performance. They help ensure that the process operates smoothly and consistently, resulting in top-notch products or services.

Conclusion  
To Conclude, Systems Engineering is a great way of breaking down a system and getting the best possible outcome. Through dividing down different means it created a non-bias system where everything must go through the same process and the data determines results. It is clear where errors occur and going back to adjust it couldn’t be easier. Multiple different outcomes give the consumer flexibility in their planning.
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