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[bookmark: _Toc218521167]Abstract
This assignment applies systems engineering methods to analyse and improve the design of a household air fryer. The assignment begins by capturing the Voice of the Customer to identify key user needs and translate these into clear functional and non-functional requirements. A structured functional flow analysis and use case are then used to describe how the system operates during a typical cooking cycle. Tools including Quality Function Deployment (QFD), Function–Means Analysis, concept generation, and a Pugh matrix are applied to explore and evaluate alternative design solutions. Potential risks are assessed using both Failure Modes and Effects Analysis (FMEA) and Design FMEA (DFMEA) to ensure safety and reliability. Overall, the study shows how a structured, function-based systems engineering approach can be used to improve the usability, performance, and safety of an everyday household product. 
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[bookmark: _Toc51833421][bookmark: _Toc218521171]Introduction.
[bookmark: _Toc51833419]This assignment will use systems engineering methods to explore improvements to the design and functionality of a household device. The approach starts by understanding user needs, turning these into clear requirements, and analysing how the system operates through use cases and functional flows. From there, structured tools such as QFD (Quality Function Deployment), Function–Means Analysis, concept generation and decision matrices are used to propose improved designs. Finally, potential failure modes are reviewed to ensure the redesigned system is safe and reliable.
An example of a household device is an air fryer. An air fryer cooks food using circulated hot air, often much quicker than a traditional oven and with lower energy usage. Despite these advantages, users still experience issues such as uneven cooking, awkward cleaning, loud operation, confusing user interfaces, and limited flexibility when cooking different foods at the same time. Because of this, the air fryer provides a useful example of how systems engineering can be applied to improve an everyday product.

The aim of this assignment is not just to apply a set of systems engineering tools, but to show how they help make better and more justified design decisions. Rather than focusing on individual parts of the air fryer in isolation, the system is treated as a whole, where user needs, functions, design features and risks are all linked together. This approach helps ensure that any proposed improvements are based on evidence and clear structure, rather than assumptions, and that performance, usability and safety are all considered together throughout the design process. [1], [2], [4], [10].
[bookmark: _Toc218521172]Voice of Customer (VoC) and Requirements. 
Firstly, a systems engineering process begins by understanding what users actually need from the product. Before defining any technical details, it’s important to gather real experiences, expectations and frustrations from the people who use an air fryer daily. This helps ensure the design focuses on user priorities rather than assumptions. By capturing these views early on, it creates a solid foundation for setting requirements. [1], [6].
[bookmark: _Toc218521173]Customer statements.
Customer statements gathered from user interviews, online feedback, and personal experience:
· “I want it to cook evenly, without having to shake the basket constantly.”
· “I want two separate compartments so I can cook vegetarian and meat dishes at the same time.”
· “It must be easy to clean, especially the basket.”
· “It shouldn’t be too loud while cooking.”
· “I want to set it quickly, no confusing menu.”
· “It should use less energy than an oven.”
· “It shouldn’t make the kitchen too hot.”
· “I don’t want it to overcook or burn food.”
[bookmark: _Toc218521174]Operational Requirement.  
The operational requirement describes the overall purpose of the system:
“Provide a safe, energy-efficient system that rapidly cooks a wide range of foods evenly and conveniently, with minimal cleaning effort and reliable temperature control.” [1], [4].
[bookmark: _Toc218521175]Requirements. 
Requirements describe what the system must do and how well it must do it. They are grouped into functional and non-functional requirements.
[bookmark: _Toc218521176]Functional Requirements.
· Heat air to a controlled temperature.
· Circulate air evenly around the food.
· Monitor and adjust temperature automatically.
· Allow the user to select time and temperature.
· Alert the user when cooking is complete.
· Pause heating if the basket is removed.
· Contain food securely in a removable basket.
[bookmark: _Toc218521177]Non-Functional Performance Requirements. 
· Must cook food evenly with minimal temperature variation.
· Cleaning must take under a few minutes and be dishwasher-safe.
· Noise levels must be low and comfortable for household use.
· Must heat up quickly (reach cooking temperature in under 2 minutes).
· Should use significantly less energy than a standard oven.
[bookmark: _Toc218521178]Non-Functional System Requirements. 
· External surfaces should remain safe to touch.
· All components must withstand temperatures above 200 °C.
· Must comply with home appliance electrical safety standards.
[bookmark: _Toc218521179]Key Requirements.
1. Easy to clean (Dishwasher safe removable parts).
2. Even cooking (≤±10°C variance).
3. Dual-compartment operation for different diets.
4. Low noise (≤60 dB).
5. Fast cooking time (preheat <2 minutes).
6. Energy efficient (≥45% energy reduction vs oven).
7. Simple operation (no training required).
The number of key requirements was kept deliberately small to avoid over-complicating the design process. Each requirement is directly linked back to customer needs identified in the VoC and can be clearly assessed during later stages of design. This makes it easier to compare concepts objectively and ensures that effort is focused on the features that matter most to users, rather than trying to optimise too many low-impact aspects of the system.
[bookmark: _Toc218521180]Requirement Prioritisation. 
To identify which requirements were the most important, a weighted pairwise comparison table was used. This method compared each requirement directly against one another and judges how much more important one was compared to the other. By doing this, it highlights which requirements genuinely drive the design rather than treating everything as equally important. Prioritising in this way is essential because it focuses the design effort on the features that matter most to users, ensures clearer decision-making later in the process, and avoids wasting time improving low-value aspects of the system. The rationalised requirement pairwise table and chart can be seen below:
[image: ]
Table 1 - Rationalised requirement pairwise table. 
[image: ]
Figure 1 - Rationalised requirement pairwise chart.
From this it is determined that the requirements priority is:
1. Even cooking (≤±10°C variance).
2. Easy to clean (Dishwasher safe removable parts).
3. Fast cooking time (preheat <2 minutes).
4. Simple operation (no training required).
5. Dual-compartment operation for different diets.
6. Low noise (≤60 dB).
7. Energy efficient (≥45% energy reduction vs oven). [1], [7].
The results of the prioritisation will have a direct impact on the rest of the study. The top three requirements such as even cooking, ease of cleaning and fast cooking time will be more weighted than the others making them the main drivers for design decisions. Lower-priority requirements are still considered, but they have less weight in the design choices.
[bookmark: _Toc218521181]Use Case.
A use case was created to describe how a user interacts with the air fryer during a typical cooking cycle. This provides a clear, step-by-step outline of the actions taken by the user, the responses of the system, and the different conditions that may occur during operation. By mapping out the main flow, alternative behaviours and possible exceptions, the use case helps to define exactly how the system is expected to perform in real situations. It also supports later stages of the systems engineering process by identifying key functions and potential failure points. The full use case can be found in the Annex 1 below. [4], [5].

[bookmark: _Toc218521182]Functional Flow Analysis. 
Functional flow analysis focuses on understanding what the air fryer must do, step-by-step, in order to deliver its intended outcome. This method avoids thinking about specific components too early and instead concentrates on the logical sequence of functions that transform inputs into useful outputs. By breaking the operation down into individual functions, it becomes easier to identify where improvements can be made, which functions are most critical, and what the system must achieve to satisfy user needs. [2], [3].
[bookmark: _Toc218521183]Functional Flow Description. 
Inputs:
· Food.
· User settings (time and temperature).
· Electrical power.
Outputs:
· Cooked food.
· Waste heat.
· Audible alert.
· Residual grease for cleaning.
Functional Steps:
1. Receive Food – The system must receive and support user’s food choice. 
2. Receive User Input - The system accepts the user’s chosen time and temperature.
3. Heat Air - The heating element activates, converting electrical power into thermal energy.
4. Circulate Air - The internal fan moves the heated air throughout the cooking chamber to ensure all areas receive consistent airflow.
5. Transfer Heat to the Food - Hot air flows around the food, allowing heat to be absorbed through convection and begin the cooking process.
6. Monitor Internal Temperature - A temperature sensor continuously measures the basket temperature to ensure accuracy.
7. Regulate Heat Output - The system increases or decreases the heating element power to maintain the set temperature throughout the cooking cycle.
8. Manage Cooking Time – Count down time inputted by user. 
9. Manage Safety - The system pauses or shuts down if unsafe conditions occur, such as overheating or the basket being removed mid-cycle.
10. Signal Completion - When the timer reaches zero, the system alerts the user with an audible or visual signal.
11. Enable Cleaning - Once cooking is complete, the systems will cool down and user can remove the basket for cleaning, completing the effect. 
[bookmark: _Toc218521184][image: ]Function Flow Diagram. 
Figure 2 – Functional Flow Diagram.












[bookmark: _Toc218521185]Quality Function Deployment – Phase 1 (QFD1).
[image: ]The QFD1 helps turn the customer requirements into practical design priorities. Instead of guessing which features matter most, QFD1 clearly shows how each system function contributes to the user requirements. By comparing the requirements against the key functions of the air fryer, it becomes easy to see which areas of the design deserve the most focus. This means that later decisions are based on evidence rather than assumptions, and the design effort is directed where it will make the biggest difference to the user. The QFD1 matrix below shows how each air fryer function supports the different customer requirements and highlights which functions have the greatest impact on overall performance. [1].
Table 2 – Design QFD1 matrix.
[image: ]
Figure 3 – QFD1 Functional Importance’s.
From the QFD1 results, it’s clear that the most important functions are regulating heating output, circulating the air and transferring heat to the food. These are the functions needed to meet the key customer needs. Functions like receiving user input and making cleaning easy also score strongly, showing that the user experience is a major part of the design. Lower-scoring functions, such as alerts and some safety elements, are still necessary but don’t drive customer satisfaction as much as the core cooking functions. Overall, the QFD1 highlights exactly where the main effort should be directed as the design moves into concept development and more detailed analysis.

[bookmark: _Toc218521186]Function-Means Analysis (FMA).
[image: ]The FMA is used to explore the different ways in which the air fryer could carry out each of its functions. Instead of choosing a single solution too early, this step breaks the design down into what the system must do and then considers multiple possible ways of achieving it. This helps widen the design space and ensures that the final concept is based on informed choices rather than assumptions. This helps create design concepts in a structured way.
Table 3 – Functional Mean Analysis. 
The completed FMA above highlights a range of practical options for each function of the air fryer. Several means have been highlighted as suitable candidates for concept development, reflecting the features that best support the user requirements identified earlier, such as even cooking, fast cooking, and easy cleaning. This analysis makes it clear which solutions are most promising and provides a strong foundation for generating and selecting design concepts. [1], [7].


[bookmark: _Toc218521187]Concept Generation and Selection. 
The concept generation stage explores different ways the air fryer could be designed by combining the possible means identified in the FMA. This step is important because it allows several alternative solutions to be developed before committing to a single design direction. By creating a range of concepts, it becomes easier to compare how different combinations of features might meet the user requirements. This section presents three possible design concepts that each offer a different approach to achieving the key functions of the air fryer. [9], [10]. 
[bookmark: _Toc218521188]Concept 1 – Standard Air Fryer with Improved Airflow. 
Concept 1 is a simple but reliable approach that builds on the way most air fryers work while improving airflow and ease of use. Food is held in a removable mesh basket that allows hot air to circulate properly around the food. The user interacts with the system through dial controls, which keeps operation simple for all users. Heating is provided by an electric heater, while a standard fan circulates the air through the chamber. Temperature is monitored using a thermistor sensor, and the system pauses cooking automatically when the basket is removed. At the end of the cycle, the user is alerted by an audible beep. Cleaning is made easy with dishwasher-safe parts. Overall, this concept focuses on simplicity, reliability, and familiarity while still offering improved performance.
[bookmark: _Toc218521189]Concept 2 – Cyclonic Airflow System with Smart Controls.
[bookmark: OLE_LINK1]Concept 2 aims to improve cooking performance by introducing a cyclonic airflow system, which helps distribute heat more evenly and cook food faster. Food sits inside a removable dual compartment non-stick basket, making cleaning easier and reducing food from sticking. The user inputs settings using digital touchscreen. An infrared heating element is used to provide faster heat-up times and better energy efficiency. The cyclonic airflow is driven by a high-power fan, helping ensure more even cooking results. Temperature is measured using a thermocouple sensor, and heat output is adjusted through a PID control system for better accuracy. Safety features include automatic shut-off when overheating is detected and a warning message for the user. A small LED indicator signals when the cooking cycle is complete. This concept is designed to deliver strong cooking performance.
[bookmark: _Toc218521190]Concept 3 - Dual Compartment Smart Air Fryer. 
Concept 3 focuses on flexibility and has a unique selling point of allowing the user to control the air fryer through their phone. It uses a dual-compartment basket with non-stick coatings so each side can be cleaned easily. The system is controlled through a mobile app, giving the user the ability to change settings remotely. An electric heater is used to provide heat, while a dual-fan system helps maintain even airflow in both compartments. A thermistor temperature sensor is used with a simple on/off thermostat to regulate heat output. Safety is managed through pausing cooking when baskets are removed. When cooking is finished, the user receives a notification through an app. This concept offers the more features and convenience, especially for users who want more control and the ability to cook multiple foods at once.

[bookmark: _Toc218521191]Pugh Matrix 
[image: ]The Pugh Matrix is used to compare the different design concepts against a baseline in a structured and consistent way. By evaluating how each concept performs relative to the key functions, it becomes easier to identify which design offers the best features. This method helps avoid subjective decision-making by showing clearly where each concept performs better, worse or the same as the current design of an air fryer. [1].
Table 4 – Pugh Matrix. 
The Pugh matrix results seen above make it clear how each concept performs when compared directly against the current design. Concept 1 remains a solid choice due to its simplicity and development costs but does not offer the same benefits as Concept 2. Concept 2 shows the strongest overall improvement, mainly due to increase in even cooking performance and faster cooking, which are the more weighted requirements. Even though this comes with additional cost and complexity, which lowers its weighted score it still came up on top. Concept 3 offers useful flexibility with its dual-compartment and ease of cleaning, but comes with as much additional cost and complexity as concept 2. This is because of the use of an app that would have to be developed, also reducing simplicity of operation for the user. It is a good unique selling point but when it comes to practicality it is inefficient. In conclusion, the comparison shows that Concept 2 provides the best balance between improved performance, ease of use and practicality, making it the most suitable option to develop further. [1].

[bookmark: _Toc218521192]Quality Function Deployment – Phase 2 (QFD2).
[image: ]QFD2 is used to develop the chosen concept in more detail by linking the customer requirements to specific engineering characteristics. This helps identify which technical features need the most attention to ensure the final design meets the key user needs highlighted earlier in this assignment. By scoring the strength of these relationships, QFD2 shows how different engineering decisions will influence performance, usability and efficiency. This stage provides a clearer direction for the detailed design by highlighting the areas that matter most for the selected concept. [1].
Table 5 – Design QFD2 matrix. 
[image: ]
Figure 4 – QFD2 Features Importance’s
The QFD2 results above show the highest scoring features, such as the infrared heater, cyclonic airflow, high-power fan, the thermocouple sensor and PID control module, have the strongest influence on delivering functions like heating, circulating and monitoring the air. These results reflect the strengths of Concept 2 and confirm that good airflow and accurate heat regulation are essential for achieving the performance expected from the final design. Features such as the LED indicator, outer casing and power supply score much lower, which shows they are still necessary but have less direct impact on functional performance. Overall, the QFD2 highlights where engineering effort should be focused as the design moves into more detailed development. [1].

[bookmark: _Toc218521193]Failure Modes and Effects Analysis (FMEA).
FMEA is used to assess how the system’s key functions could fail and what impact these failures would have on performance, safety and user experience. The FMEA looks at the behaviour of the system as a whole and considers failures such as insufficient airflow, poor heat transfer or the system not responding to user inputs. This helps highlight weaknesses at a functional level before moving into detailed design, ensuring that the air fryer concept is capable of meeting its intended operational needs. The FMEA therefore acts as an early-stage risk assessment tool, enabling issues to be identified and addressed before going further into the design process. [2], [8].
[image: ]
[image: ]
Table 6 – FMEA
The results of the FMEA above show that the highest-risk functional issues relate to heating, airflow and temperature monitoring, as these functions have the greatest impact on both performance and safety. Functions such as “Circulate air” and “Monitor internal temperature” produced higher RPN values due to the severe consequences of poor airflow or incorrect thermal regulation, which can lead to under cooking or overheating. Lower-risk functions, such as signalling completion or enabling cleaning, still contribute to overall usability but carry less major consequences. The recommended actions therefore focus on improving airflow behaviour, strengthening temperature-monitoring logic, and providing clearer user guidance. These improvements reduce the likelihood and impact of the highest-scoring failure modes and help ensure that the air fryer performs consistently and safely under normal use.
[bookmark: _Toc218521194]Design Failure Modes and Effects Analysis (DFMEA).
The DFMEA examines the hardware and design features of the chosen concept to identify how individual components could fail and what effects these failures would have on the system. This analysis moves beyond functional behaviour and focuses on tangible elements such as the infrared heater, cyclonic fan, touchscreen interface and thermocouple temperature sensor. By assessing each component’s potential failure modes, causes, severity and detectability, the DFMEA helps prioritise which parts of the design require the most attention to reduce engineering risk. In systems engineering, the DFMEA is essential for ensuring reliability and safety before committing to manufacturing or detailed design work, as it highlights weaknesses that may not be visible at the functional level alone. [3], [8].
[image: ]
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Table 7 – DFMEA
The DFMEA results above highlight that the components presenting the highest design risk are the removable basket, touchscreen interface, heating element, high-power fan and the safety cut-off system. These items produced the largest RPN values because failures in these areas have direct consequences on cooking performance and user safety. For example, basket misalignment or coating wear can lead to uneven cooking and food sticking; touchscreen faults can prevent the user from setting cooking parameters; and heating or fan failures can cause uneven cooking or overheating. The safety cut-off also carries a high severity score, as any failure in this feature could prevent the system from shutting down in an unsafe condition. The recommended actions are therefore focused on improving basket durability and alignment, enhancing touchscreen reliability and user feedback, strengthening heater and fan robustness, and adding redundant safety protection. Addressing these areas will significantly reduce the highest-risk failure modes and improve the overall reliability and safety of the air fryer design.

[bookmark: _Toc218521195]Discussion. 
The systems engineering tools used throughout this assignment provided a structured and logical pathway from identifying user needs through to developing and evaluating improved design concepts. Each model contributed a different perspective, helping build a fuller understanding of how an air fryer operates and what improvements would make the greatest impact. Starting with the Voice of the Customer and the requirements analysis ensured that the work remained grounded in what real users actually care about, such as even cooking, easy cleaning and simple operation. These high-level needs shaped the rest of the analysis and guided the direction of the design work. [1], [4], [10].
The use case and functional flow analysis helped define how the system behaves during operation. These tools broke the air fryer down into clear, functions and highlighted the needs between them. This not only clarified what the system must achieve at each stage of the cooking process but also revealed where failures were most likely to occur and where the system may need additional support or redesign. The function-based view provided a strong foundation for the QFD1 analysis, which provided the relationship between functional performance and the user requirements. [2], [4], [5].
The QFD tools were particularly valuable for decision-making. QFD1 identified which functions mattered most for delivering user satisfaction, with heating, circulating air and transferring heat emerging as the most important. This helped ensure that concept generation focused on the areas with the highest potential impact. Then concept generation and selection helped by exploring multiple ways of achieving each function, while the Pugh matrix provided an objective comparison of the three candidate concepts. Concept 2 consistently performed best, offering advantages in cooking performance, accuracy and ease of use. Next, QFD2 was used to show what design features of the chosen concept, such as the infrared heater, high-power fan, thermocouple and PID control, should receive the most attention during development. This ensured that design choices were data-driven and aligned to user needs. [1].
Finally, the FMEA and DFMEA allowed risks to be assessed at both functional and design level. These analyses highlighted issues related to airflow, temperature monitoring, touchscreen reliability and safety cut-offs. The recommended actions, such as improving detection, strengthening components and updating controls demonstrate how risk can be actively reduced in the final design. Overall, the models show how a system can be improved systematically, ensuring that decisions are justified and traceable. [1], [2], [3], [8], [10]. 

[bookmark: _Toc218521196]Conclusion. 
In conclusion, this assignment demonstrated how systems engineering tools can be applied to improve the functionality, reliability and user experience of a household device. By following a structured approach, from understanding customer needs to evaluating detailed design risks, the process ensured that every decision was evidence-based and aligned with real user priorities. [1], [4], [10].
Overall, the study shows that systems engineering provides a clear and efficient process for developing everyday products. By applying these tools, the final air fryer concept is better aligned with customer needs, more reliable in operation and supported by a transparent chain of engineering decisions. This demonstrates how structured design systems can meaningfully improve both the functionality and user experience of modern household devices. [1], [7], [8].
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- Use Case for Air Fryer

Use Case: Cooking Food Using the Air Fryer.

Author George Butcher | Issue -1 | Reviewed 28/11/2025 | Date 28/11/25
Actors: - A list of actors who can engage in the activities described in the use case: -
e User

e Electrical power supply

Pre-conditions: - Anything that can be assumed to be true when the use case begins: -
e Air fryer is plugged in and powered.

Basket is correctly inserted.

Food is placed inside the basket.

User has basic understanding of the controls.

Air fryer components are clean and free from obstructions.

Internal temperature sensor is functioning.

Device has no active faults or warnings.

Post-Conditions: - Anything that must be true when the use case is complete.
e Food is cooked according to the selected settings.

Heating element is turned off and cooling has begun.

Fan has slowed or stopped safely.

System is ready for the next cycle or cleaning.

No safety event or system fault has occurred.

Basic Flow: - The set of steps the actors take to accomplish the goal of the Use Case. A clear
description of what the system does in response to each user action.
1. Userinserts food into the basket.
User selects the desired temperature.
User sets the cooking time.
Air fryer begins preheating (if required).
Heating element activates and warms the air.
Internal fan circulates the hot air around the food.
Temperature sensor continuously monitors internal temperature.
System adjusts the heating output to maintain set temperature.
. Timer counts down while cooking progresses.
10. Air fryer alerts the user that the cooking cycle is complete.
11. User removes the basket and retrieves the cooked food.
12. User turns off the system or prepares for cleaning.

CENOUAWN

Alternative Flow: - Captures alternative user/system interactions, such as what happens if data is
entered incorrectly.

e User enters incorrect temperature or time (over/undercooking).

e Basket is overloaded, limiting airflow and causing uneven cooking.

e User opens the basket mid-cycle triggering an automatic pause.

e Cooling cycle extended if residual heat is high.
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e Basket is overloaded, limiting airflow and causing uneven cooking.
e User opens the basket mid-cycle triggering an automatic pause.
e Cooling cycle extended if residual heat is high.

Exception Flow: - The things that can happen to prevent the user from reaching their goal.
Overheating detected. System activates safety shut-off.

Fan failure. Error displayed, cooking halted.

Temperature sensor fault. System enters fail-safe mode.

Basket not inserted correctly. System refuses to start.

Sudden power loss. Cooking cycle cancelled.
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