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The use of design tools such as the quality function deployment (QFD) tools, are of great benefits to the design and manufacture of new products and systems. They are used to translate customer requirements into appropriate technical requirements for each stage of product development and production [1]. One of the key benefits of using this process is the improved customer satisfaction. The QFD ensures that the customer’s voice is heard and translated into product features and prioritises the customer needs ensuring the most important features are incorporated into the product design [2]. The movement from design of a product or system to the manufacturing process is much simpler with the use of the QFD design tools, facilitating better communication and teamwork as well as clear and comprehensive documentation of customer requirements and design decisions. This helps to reduce misunderstandings and miscommunications. Another benefit of using this design process is the early identification of issues by addressing customer requirements early and identifying potential problems. This reduces the development time and costs, as well as improving the overall quality. 
Another key feature of the design process is the function means analysis (FMA) tool. This is a systematic approach used in product design and engineering to identify and analyse the functions that a product or system must perform and explore various solutions in order to achieve these functions [3]. This is beneficial in enhancing the innovation and creativity by encouraging the exploration of multiple solutions for each function, and broadening the perspective of designers in order to consider different approaches and technologies that may not have been considered otherwise. The function means analysis is a powerful tool in product design and engineering that enhances innovation, improves problem-solving, and ensures high-quality, cost-effective, and well-performing designs. By systematically analysing functions and exploring various means to achieve them, FMA facilitates a comprehensive, efficient, and collaborative design process.
Some of the other tools used in the design process include the P-Diagram and what-why tables. The P-Diagram is used to visualize and understand the relationship between the inputs and outputs of a system, as well as the factors that can influence these relationships. It helps to look at the noise factors that could influence the performance of a system, and the control factors that need to be put in place in order to ensure the system still performs as it should [4]. By providing a clear and comprehensive framework for analysing the relationships between inputs, outputs, noise factors, and control factors, the P-Diagram helps designers create high-quality, reliable, and robust products. The what-why table looks at the noise factors compared to the control factors in order to calculate the relationship between them and which control factors are the most essential to the performance of the system. As well as that, it also calculates which noise factors are likely to have the biggest impact on the performance in order to work out a solution to reduce the affect. 
For this assignment, the design tools were used to aid the design and manufacture of the fins for a tracer ammunition round. The fins are an essential part of the ammunition round, helping to stabilise, impart spin, as well as assisting with the accuracy and the range of the round. The use of the design tools allows the design and manufacture to be broken down into smaller pieces in order to focus on individual steps in more detail. By using the design tools such as the QFD, the most important requirements and features are prioritised in order to achieve maximum customer satisfaction. By using the design tools, the design and manufacturing of the fins for tracer ammunition rounds can be optimized for performance, durability, and manufacturability, leading to high-quality and effective products.
Design Process
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Description automatically generated with medium confidence]The first part of the process was to break the system into subsystems. By doing this, the design process becomes much simpler and quicker, as it would take far too long to do the system as a whole. The subsystem that was chosen to focus on in this assignment was the fins. Having selected our subsystem, the next step was to perform a design QFD 2. QFD 2 looks at the functions required by the subsystem and compares them to the various parts of the subsystems. By doing this, the relationships between the functions and parts of the fins are calculated and the most important functions are calculated as well as the most important parts. 
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Description automatically generated]Looking at the diagram above, it shows which parts are involved in completing the various functional requirements. This showed that the fins were the most important part of the subsystem, with the tracer also a very important part.
This is shown in the graph. The fins were seen to be an essential part in stabilising, imparting spin, attaching to the main body of the system, providing accuracy and also range. The use of the QFD to map the functional requirements against the features ensures the features of the product are directly aligned with the customer's requirements [5]. By mapping functional requirements to specific features, it can be shown that the needs and preferences of the customer are being addressed. Teams can use the features importance chart to prioritise features based on their impact meeting functional requirements and customer satisfaction. This helps allocate resources effectively and focus on developing the most critical features. By using the QFD to compare features and functions, it is easier to spot potential gaps or misalignments. This allows teams to address issues proactively, reducing the risk of costly changes or rework later. Customers are also more likely to be satisfied with the end product. This is because the system is being designed with a clear focus on customer requirements.
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Having performed the QFD 2 and got the results of the feature importance chart, the next step was to conduct a function means analysis chart. This was an easy method in order to look at the solutions in order to achieve the desired functions. By looking at the different features and exploring various methods to achieve the desired functions of the system, different means can be explored inspiring innovative and effective solutions. As shown above, each feature had 5 solutions to achieve them, and 1 was selected for each. For the tracer, a magnesium-based pyrotechnic was selected. Magnesium burns with an extremely bright white light [6] making it easier to track the trajectory of the projectile; especially in low-light conditions and long distances. It burns consistently, providing a reliable and steady trace, ensuring that the tracer effect is predictable and dependable. Magnesium is lightweight, which minimises the overall weight of the ammunition round. As well as this, the manufacturing process for magnesium-based pyrotechnics are well-established and can be efficiently integrated into the production of the tracer ammunition. For the attachment mechanism, thread and glue was chosen. This was due to the simplicity of it, making it low cost and easy to do. It is also cheap. The glue ensures that the fins will stay firmly attached to the main body. The material that was chose was aluminium. The main reason for this was due to how lightweight aluminium is [7]. Aluminium is commonly used for the material of fins on ammunition rounds because of this. This helps to increase the range and speed of the projectile and improve the ballistic performance. Aluminium also has a high strength-to-weight ratio, providing the necessary structural integrity for fins to withstand the stresses of firing and flight. Aluminium is relatively easy to machine and shape, allowing for precise manufacturing of fins with complex geometries. This precision enhances aerodynamic performance and stability during flight. Because of it being easier to manufacture, it reduces manufacturing costs and time. It can also be easily recycled, contributing to more sustainable manufacturing practices. Electrical ignition was chosen for the method of igniting the tracer. This was due to the reliability, precise timing and the safety of using electrical ignition.
After doing the FMA, a P-Diagram could be performed. The P-Diagram is a tool used in systems engineering in order to analyse the relationship between different factors that influence the performance of a system or process. It helps in understanding how inputs, outputs, noise factors and control factors interact and affect the system’s behaviour. They are used by designers in order to work out the noise factors, and how control factors can be put in place in order to reduce or eliminate them. By visualising the relationships between inputs, outputs, controls and noise factors, teams can better understand the system’s dynamics. They also help with problem-solving by facilitating the identification of root causes for system failures or performance issues by clearly mapping out potential sources of variability and error. They help identify potential failure modes and their effects, which is critical for risk assessment and mitigation. This helps to reduce rework later on in the design process saving costs. 
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As shown above, the input was identified as the firing mechanism, and the output was identified as stability and accuracy. The noise factors were split into external, unit to unit, and deterioration. Some of these include wind, material supply, variation in material, variation in dimensions, wear and tear and corrosion. Some control factors included fin design, material quality and tracer composition. By conducting the P-Diagram, a What-Why table could then be performed using the noise factors and control factors. 
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A What-Why table is useful in looking at the comparisons between control factors and noise factors in more detail. By doing this it is easier to see which noise factors are likely to have the biggest impact on the performance of the system. This is vital in the design process in order to ensure that there are control factors in order to reduce or eliminate the effect the noise factors may have on the system. This helps to solve any potential problems early on, making the rest of the design and manufacturing process easier and saving costs later down the line. The use of a What-Why table also helps identify the most important control factors. By doing this, the most influential control factors can be prioritised. This helps to ensure the performance of the system is as good as it can be, and the system is less likely to be affected by the noise factors. This will help improve the overall performance of the system and therefore, customer satisfaction. 
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Description automatically generated with medium confidence]The table above shows the most important control factors. Material selection was seen as the most important control factor as it will have the most influence on the performance. As mentioned before, the material was decided to be aluminium. 
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The most influential noise factor was found to be variation in material. This makes sense as the most important control factor was the material selection. This is due to a change in the material affecting the weight, durability, strength, etc. of the fins and a change in material could completely change how the system performs [8]. Changes in material could also make the manufacturing process more difficult and more expensive. 
Manufacturing
[image: A diagram of a manufacturing process

Description automatically generated]After using the tools to assist with the design of the fins, the next step was to look at the manufacturing of the system. The first step of this was to identify the manufacturing requirements. These are shown below.
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Description automatically generated]Having identified the manufacturing requirements, a process map could now be conducted in order to identify the different steps and processes that are needed for the manufacture of the system. These were: obtain material, shape material, drill hole, machines front edge, shape attachment for tracer and then insert tracer. The manufacturing requirements and manufacturing processes could then be put into a QFD 1. The QFD 1 was used to compare the manufacturing requirements against the different processes involved in the manufacturing. By doing this, the most important steps in the manufacturing process could be identified in order to prioritise them later on. This helps enhance the quality and efficiency of the manufacturing process. By ensuring that each manufacturing step aligns with functional requirements derived from customer needs, it helps guarantee that the final product meets the customer expectations. The use of the QFD also helps ensure that the product design is compatible with manufacturing capabilities. This compatibility reduces the likelihood of design changes during production, leading to a smoother transition from design to manufacture. By considering manufacturing constraints and capabilities during the design phase, QFD helps optimise production processes, reducing lead times and enhancing efficiency.
The manufacturing QFD 1 is shown above and shows that the shaping of the material was identified as the most important step in the manufacturing process. The shaping of the material is critically important when manufacturing fins for an ammunition round due to numerous reasons relating to performance, safety and production efficiency. Firstly, properly shaped fins provide aerodynamic stability, which is crucial for maintaining the trajectory and accuracy of the ammunition round. The fins help stabilise the round during flight, reducing wobbling and ensuring it hits the intended target. Fins shaped to optimise aerodynamics can also reduce drag, increasing the range of the ammunition. Precise shaping of the material ensures that each fin is consistent in size, shape and weight. This consistency is essential for ensuring that each ammunition round performs predictably and reliably. As well as this, proper shaping ensures that the fins fit correctly with the rest of the ammunition components, ensuring seamless assembly and optimal performance. Optimal shaping is also essential in minimising material waste during the manufacturing process. This efficiency can lower production costs by making better use of raw materials. Precise shaping will also reduce the likelihood of defects that would require rework or scrapping of components, meaning no unnecessary costs.
[image: A green and white text on a white background

Description automatically generated]
Having done the QFD 1 and identified the most important steps in the manufacturing process, the next step was to identify the solutions for the steps in the manufacturing process by conducting a manufacturing FMA. This was reasonably straightforward as the solution was the same for a few of the steps. For shaping the material, machining the front edge and shaping the attachment for the tracer, it was decided to use CNC machining to achieve these. CNC machining is a manufacturing process in which pre-programmed computer software dictates the movement of factory tools and machinery. The process can control a range of complex machinery, from grinders and lathes to mills and routers. Using CNC machining, three-dimensional cutting tasks can be accomplished in a single set of prompts. CNC machines can produce highly precise and accurate parts with tolerances typically in the range of ±0.001 inches or even tighter. The CNC machine is also able to consistently repeat processes to produce identical parts once a design is programmed [9]. Another advantage of using the CNC machining is that they can operate continuously and unattended once set up, leading to high efficiency and productivity. This leads to faster production, especially when it comes to complex parts that may otherwise take hours. CNC is also cost-effective, as it reduces the need for manual labour, as well as reducing waste due to how precise it is. 
For inserting the tracer, it was chosen to use adhesive bonding. Adhesive bonding is a process that involves joining two surfaces together using an adhesive substance. The adhesive can be a liquid, paste, or film that hardens to form a strong bond between the surfaces. Adhesives can be made from various materials, including epoxy, polyurethane, silicone, cyanoacrylate, and acrylic, each with unique properties suited to different applications [10]. Some of the benefits of this include strenght, weight, and flexibility. Modern adhesives can form very strong bonds, ensuring the tracer is securely attached to the fins and can withstand the stresses of firing and flight. Adhesive bonding does not add significant weight to the ammunition, which is crucial for manufacturing aerodynamic performance. As well as this, adhesives can bond a variety of materials, which is useful if the tracer and fins are made from different substances. Adhesives can provide a seal around the tracer, protecting it from environmental factors such as moisture and corrosion. The process is also relatively simple and quick, especially with fast-curing adhesives, making it suitable for high-throughput manufacturing.
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Description automatically generated]After doing the FMA, the manufacturing means were then put into the QFD 2. These were compared against the steps of the manufacturing process. This was in order to determine which manufacturing process means was the most important. From the QFD 2, it was found that the most important manufacturing process was the CNC machining. This is shown in the means importance chart below.
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These manufacturing means were then put into another QFD, this time against the most important parts from the design process. By comparing the manufacturing means against the most important parts of the design process, it is good to get another view of the importance of the manufacturing means and how much each one influences the overall design and manufacture of the system. The manufacturing QFD 3 is shown to the right.
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Description automatically generated with medium confidence]The manufacturing QFD 3 then gave us another importance chart for the manufacturing means. This supported the QFD 2 with the CNC machining being shown as most important. By doing the QFD 3 to compare the manufacturing means against the critical design aspects, it helps ensure that the design’s intent and functional requirements are preserved throughout the manufacturing process. This alignment ensures that all manufacturing steps contribute positively to achieving the desired product performance and quality. By doing the crossover between the important parts of the design and the manufacturing processes, it shows that there is a good level of communication and collaboration between the design team and manufacturers. It creates a common understanding of what is important in the design and how manufacturing processes can best support these priorities. This also helps identify which processes are the most important and critical to the quality and performance of the system. By doing this, it ensures that these processes receive the necessary attention during manufacturing. As well as this, by ensuring that the manufacturing processes support the most important design features, the final product is more likely to meet customer expectations and requirements. If any of the important parts of the design had no links to any of the manufacturing processes, then this would be easily identified and solved quickly with the use of the QFD, rather than beginning to manufacture the product and finding out too late. This means saving time and costs.
After identifying the most important manufacturing process, CNC machining, it was then put into a P-Diagram in order to work out the noise factors and control factors. This is shown below.
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By doing a P-Diagram on the most critical manufacturing means, it helped to identify the noise and control factors that would affect the CNC machining. This is a good way for stakeholders to gain a clear visual representation of the process and how different factors interact. The P-Diagram helps identify key control factors that can be adjusted to improve process performance and product quality. By identifying the noise factors, strategies can be developed to mitigate their impact on the process. The control factors and noise factors can then be used in a What-Why table.
[image: A chart with different colored squares

Description automatically generated]
The What-Why table was beneficial for a number of reasons. By comparing the control factors against the different noise factors, it gives a clear indication of the relationships between them. This makes it easier to spot any gaps if there were any noise factors that weren’t going to be mitigated by the control factors. This then allows the design and manufacturing teams to put other controls in place to stop the noise factors causing any issues. By doing this earlier on, it saves time and money and ensures that the product is likely to work when it comes to be manufactured. The What-Why table also helps to identify the most important control factors and noise factors. By identifying the most important control factors, it shows which control factors should be prioritised in order to ensure the system will work and is of a good quality. By identifying the most critical noise factors, it helps the team think of solutions as to how to mitigate it better to ensure it doesn’t affect the performance or quality of the system. The most influential noise and control factors are easily identified with the charts below.
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Description automatically generated]From the key noise factors and key controls charts, the most influential ones could then be put into a QFD 4. This is used to compare the most important noise factors against the methods of controlling them. By doing this, it is clear to see which control factors are the most important in mitigating the noise factors. It also makes it easier to see if any noise factors aren’t being controlled if there are any gaps, and then there can be controls put in place to reduce or eliminate the effect they have on the performance or quality of the system. The QFD 4 is shown below.
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The QFD shows that the most important control method was operator training. Ensuring that operators have the correct training is crucial for several reasons, particularly in manufacturing environments like CNC machining. Proper training impacts various aspects of the production process, quality of the output, safety, and overall efficiency [11]. Well-trained operators understand the nuances of machine settings and adjustments, leading to parts that meet precise specifications and tolerances. Training ensures that operators perform tasks uniformly, resulting in consistent quality across production batches. As well as this, skilled operators can quickly troubleshoot and resolve minor issues, reducing machine downtime. Trained operators know how to efficiently use materials and tools, minimizing waste and optimizing resource utilization. Another important reason for ensuring staff have the correct training is safety. Proper training includes safety protocols, which help prevent accidents and injuries on the shop floor. In emergencies, trained operators can react appropriately, using the correct procedures to mitigate damage and ensure safety. By using the QFD 4 to compare the most important noise factors against the most important control measures, it provided a structured approach to understanding and mitigating the impact of external variations on the manufacturing process and product quality. This method enhances process robustness, improves product quality, facilitates efficient resource allocation, supports data-driven decision-making, and fosters cross-functional collaboration. Additionally, it promotes continuous improvement, effective risk management, and higher customer satisfaction while ensuring regulatory compliance.

Conclusion
The integration of the QFD and other design tools has significantly enhanced the design and manufacturing process of the fins of a tracer ammunition round. Through the systematic application of QFD, we were able to translate customer requirements and functional needs into specific, actionable design and manufacturing criteria. This structured approach ensured that the most critical aspects of the design, such as aerodynamic performance, durability, and compatibility with the tracer components, were meticulously addressed. By employing a Function Means Analysis, we explored various manufacturing methods, enabling us to identify the most efficient and cost-effective solutions for obtaining material, shaping the material, drilling holes, machining the front edge, shaping attachments for the tracer, and inserting the tracer. This comprehensive analysis ensured that each step of the manufacturing process was optimized for precision and efficiency, minimizing waste and reducing production costs. The use of P-Diagrams allowed us to systematically identify and analyse the key noise factors affecting the manufacturing process. By understanding the interactions between these noise factors and the control measures, we were able to design robust processes that are less sensitive to external variations, ensuring consistent quality and performance of the fins.
Furthermore, ensuring operators received the correct training was pivotal in maintaining high standards of production. Trained operators not only improved the quality and consistency of the output but also enhanced operational efficiency and safety, contributing to the overall success of the manufacturing process. Incorporating CNC machining as a primary manufacturing method provided numerous benefits, including high precision, repeatability, and the ability to handle complex geometries. This technology, combined with proper degreasing practices to maintain clean and accurate operations, ensured that the fins met stringent quality requirements. Finally, the use of adhesive bonding for inserting the tracer into the fins was carefully selected to ensure a secure and reliable attachment, enhancing the performance of the tracer ammunition round.
In summary, the application of QFD, along with other engineering and design tools, facilitated a thorough and efficient design and manufacturing process for the fins of a tracer ammunition round. This integrated approach ensured that all critical factors were addressed, leading to a high-quality, reliable product that meets customer expectations and performs effectively in its intended application.
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Functionality
Stabilise 10 10 1
Impart spin 10 10 1
Attach fins 10 10 1
Light tracer 10 10 1
Provide coloured light 10 10 1
Heat insulation 10 10 1
Attach tracer 10 10 1
Accuracy 10 | 10 1 [
Durability 10 10 1 |
Range 10 | 10 1





