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[bookmark: _Toc218776755]Introduction 
The air fryer has become one of the most popular cooking appliances in modern kitchens across the world for its fast, simple and efficient cooking process. The air fryer operates by having the food inside a removeable basket inside the air fryer and then heating the air around the food and circulating it which produces an evenly cooked meal while reducing the need for oil. Common air fryer designs include a heating element, a fan for circulation and a user interface that allows the user to control cooking time and temperature. [1]
The aim of this report is to discuss the design of an air fryer by using systems engineering principles and to show how structured design tools can be used to improve a household appliance. This involves identifying key customer requirements and examining the system functions that support them.
While the operation of an air fryer is quite simple, its design must meet a range of user requirements such as safety, ease of use, cleaning, cooking preference and many more. These requirements all interact with one another for example, changes to one part of the system can influence overall performance and user experience. Therefore, a structured design approach is required to understand these interactions for guidance on effective design decisions. To support this, a Use Case has been included in this report to describe the interaction between the user and the air fryer.
This report will apply systems engineering principles to the design of an air fryer using Quality Function Deployment (QFD) to translate customer requirements into the key operational functions of the air fryers system by separating the user’s requirements from how the system fulfils those requirements. 
[bookmark: _Toc218776756]Air Fryer Overview 
Before the air fryer was created, the deep-fat fryer was a commonly used kitchen appliance, which was effective at cooking food quickly at high temperatures but the issue with the deep-fat fryer was that it required the usage of a large amount of oil. This led to increased health concerns, risks of safety with handling the hot oil and had a time-consuming cleaning process. Deep-fat fryers also consumed a large amount of energy and were not well suited for the frequent use in domestic kitchens. 
Next came the oven, which became the safer and healthier alternative as large amount of oil were not needed which made it also suitable for everyday domestic use. The problem with the oven was that the cooking process was slower as it required longer preheating times and were less effective in small portions. [4] [5]
Then came the air fryer which addressed these issues by offering a compact appliance that can cook food quickly using hot air circulation with minimal use of oil. The air fryer combined high cooking temperatures with forced air circulation inside a small, enclosed cooking chamber to cook food quickly, improve safety and the ease of use compared to previous cooking appliances. [4] [6]
From a systems engineering point of view the air fryer can be seen as a system that converts electrical energy and raw food into a fully cooked meal through controlled thermal and airflow processes. The system is operated by the user who interact with a control panel to determine cooking type, time and temperature. [6]
The inputs of the air fryer system consist of electrical power, food placed into the removable basket and the user control settings. The main outputs are cooked food, an audible alert when the food is ready and heat released to the surrounding environment. These input and outputs define how the air fryer system interacts with its external environment. 
While the air fryer addressed many of the limitations of previous cooking appliances, there are still many design challenges that have an impact on performance and the users experience. Some of the common issues of the air fryer are uneven cooking caused by an uneven air flow, limited cooking capacity due to the compact basket size, safety concerns due to hot air release and surface temperatures in a compact kitchen environment and a difficult cleaning process. To improve and get rid of this issues it is important to use a structured systems engineering approach to look at things like user requirements, system functions and future design improvements. 
[bookmark: _Toc218776757]Air Fryer Use Case 
A use case was created which describes the interaction between the user and the air fryer by showing how the system is used to achieve a specific goal. For this case, the goal is using the air fryer to cook food which creates a foundation for identifying user requirements and system functions. The primary actor in this use case is the household users. For this use case the air fryer is assumed to be fully set up and ready to operate, with the air fryer being connected to an electrical power source, the cooking basket being correctly inserted, the appliance being clean and free from obstructions and positioned safely for cooking. The user is assumed to understand how to operate the air fryer and to have suitable food ready for air frying.
	Use Case: A clear verb/noun or actor/verb/noun that communicates the scope of the use Case
Use case for an Air Fryer 

	Author Jack Twaddle
	Issue 1
	Reviewed 
	Date 

	Actors:- A list of actors who can engage in the activities described in the use case:-
Household members 

	Pre-conditions:- Anything that can be assumed to be true when the use case begins :-

The air fryer is connected to a suitable power supply.
The air fryer is in a safe location for cooking.
The cooking drawer is inserted correctly into the air fryer.
The user is capable of safely operating the air fryer. 
The user has suitable food prepared for air frying.
The air fryer is clean and free from any obstructions.

	Post-Conditions:- Anything that must be true when the use case is complete.

The food has been cooked at the set temperature and time.
The user is alerted when the food is cooked.
The air fryer has stopped active heating.
The air fryer is in a safe state to take out the cooking basket. 
The cooking basket contains the fully cooked food.

	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.

The air fryer is turned on.
The user inserts the food into the basket.
The user sets the temperature and time.
The user starts the air fryer.
The air fryer cooks the food. 
The air fryer stops cooking and alerts the user that the cooking is finished.

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

If the user sets the temperature or time incorrectly for the desired food, the food may be overcooked or undercooked. 

If the user inserts too much food into the cooking basket at once, hot air may not circulate properly causing the food to be cooked unevenly. 

If the user does not turn the food halfway when required, some parts of the food may cook more than others.


	Exception Flow :- The things that can happen to prevent the user from reaching their goal.

Power failure. 
Internal fault. 
Basket not inserted correctly or faulty.
Overheating. 





This use case also shows alternative flows such as the user inserting the incorrect temperature or time, overfilling the cooking basket with too much food at once and not turning the food when required. Alternative flows describe outcomes that can happen from the user’s actions that can affect the cooking process or desired outcome of the appliance. Another mention is exception flows like power failure, internal faults, basket not being inserted correctly or overheating. Exception flows describe the types of situations that will prevent the user from achieving the desired outcome due to the system having its own problems. Understanding these flows allows design decisions to improve safety, reliability and failure management. 
[bookmark: _Toc218776758]QFD 1 
To link customer requirements to the functions of an air fryer a Quality Function Deployment (QFD) was created. A QFD helps designers understand how a product must operate in order to the user’s needs and which functions of the product are most important to focus on during the design process. [7] 
However, before creating a QFD a Rationalised Requirements Pairwise Weighting table was created to find out the rankings of each of the user requirements in comparison to each other. By doing this each requirement gets rated a value of importance that shows how important that requirement is to user. The values range from 1 meaning no preference, 2 meaning slight preference, 5 meaning preference and 9 meaning strong preference. From looking at the right side of the black filled1 squares, the requirements on the left are compared to the requirements at the top. For example the requirement on the left is ‘The operator requires that the air fryer will cook food evenly’, one of the top requirements this is being compared to is ‘The operator requires the air fryer to fit in a small spaced kitchen’ and the value for that comparison was rated a 9 as cooking the food evenly is strongly preferred to the air fryers size. The opposite is then done for the left side of the black filled 1 square, meaning that the top requirements are being compared to the ones on the left this time. So for example, if on the right side a comparison is rated 5, then on the left side when the comparisons are flipped the value would be the reciprocal value which is 0.5. Once all squares have been filled in, a value of importance is calculated under the ‘Total Normalised’ column.  These importance values are then used inside the QFD.
From looking at the graph in Figure 1 it is clear that the most important user requirements by far are the user requiring the air fryer to be safe to use in a kitchen which is self-explanatory as safety is always the number one priority and the user requiring that the air fryer cooks food evenly, this is also a very obvious priority because if the air fryer isn’t able to cook food evenly it is not only putting the user at risk from the likes of food poisoning or salmonella but also would show that the air fryer is not suitable for cooking.
As seen in Figure 2 customer requirements are listed along one axis of the table and the main functional actions of the air fryer are listed along the other. The functions represent how the user interacts with the appliance and how the system operates for example, inserting food which is a user action and heat and circulate air which is a system action. By focusing at first on the functions creates a simple understanding of the appliance before moving on to design solutions. 
The numbers 1, 3 and 9 inside the QFD show the relationship between each customer requirement and function. 1 shows a weak relationship, 3 being a moderate relationship and 9 being a strong relationship. An example of a relationship value would be heating and circulating air has a strong relationship with cooking the food evenly as this requirement depends heavily on the effectiveness of heat transfer and airflow, so this relationship was rated a 9. In contrast the function of inserting food shows no relationship with the user requirements, this is because it is not related to any of the chosen requirements and does not impact outcomes such as cooking time or even cooking despite it being necessary for the use of the air fryer.
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Figure 1 - Rationalised Requirements 
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Figure 2 - QFD 1

Figure 3 – QFD 1 Functional Importances 
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The QFD identified the key system functions based on the user requirements. The functions included user functions such as turn the air fryer on, insert the cooking basket, insert the food, select a cooking mode and select a time and temperature while also mentioning system functions such as start cooking, heat and circulate the air and stop cooking. These functions provide an idea of areas in need of improvement to increase the air fryers performance and usability.  [6]
By looking at the QFD Functional Importances graph in figure 3 it is clear what functions are most important, therefore improvements ideas can now be made based on how important each function is. For heating and circulating the air which is key for making sure the food is cooked evenly, a redesign of the fan or internal air flow to spread out heat in the cooking chamber more evenly could be made. Inserting the cooking basket, removing it and cleaning it together could be improved with only a few design improvements such as simplifying the basket design by reducing the number of components, using lightweight materials or adding a simpler and sturdier handle for ease of basket insertion or removal. Nonstick materials inside the cooking chamber would also improve the usability as it increases the ease of cleaning by preventing food sticking. [6]
Another design improvement that could be made is the user control panel, this could be made to be simpler to operate and easier to understand. For example, if the user wants to fry, there could be a button labelled “Fry”, and the same for other cooking methods like roasting or reheating. This would make it much easier for the user to interact with air fryer and reduce confusion about what setting to choose for different foods.  [6]

[bookmark: _Toc218776760]Concept Evaluation 
The next step is to consider the suggested design ideas and evaluate how they address the critical function in the QFD. The aim of this is to see which improvements would have the most impact on the functions like cooking performance, ease of maintenance and usability. 
By making a better design of how the air flows throughout the cooking chamber, the food would cook evenly every time which is on of the key functions the user would expect from an air fryer. Another benefit of this design would be that it would make it easier for the user because they wouldn’t have to keep checking the food to make sure its cooking evenly or shake the basket as much. 
A change in design of the basket handle and making the cleaning process easier would make a major difference for the user. If the basket is lighter and the handle is easier to grip, it becomes safer and less awkward to remove and insert the basket. This means that the user would be a lot less likely to either burn themselves from the basket causing damage to themselves or dropping the basket causing damage to the basket. If the material inside the cooking basket was changed to a nonstick material this would reduce a lot of time and save the user from any frustration since it is then easier to clean and maintain. From a user perspective a quicker and easier clean up process makes the appliance more practical for everyday use, encouraging people to use it more often. Even small improvements of these functions can make the air fryer feel more reliable and enjoyable to use which is just as important as the cooking performance. 
The way the control panel options are designed can have a dramatic effect on how confident and comfortable the user feels when using the air fryer, especially for the first time. If the settings are clear and easy to understand then the user is less likely to make a mistake or become frustrated. This design change improves the overall experience and encourages more frequent use of the air fryer. As mentioned already this is another small improvement that doesn’t change the overall performance of the system itself but makes a big difference in how enjoyable and practical the appliance feels. 


[bookmark: _Toc218776761]QFD 2 
As the first QFD linking the user requirements to the system functions, a second QFD would then be made, this QFD would now look at how these requirements relate to the actual parts of the air fryers system or subsystem. The aim of this QFD is to understand which system components are most important for meeting the key requirements. It also shows where design improvements would have the biggest impact on things such as performance, user satisfaction and overall usability which helps the designer prioritise which system components to focus on improving first. 
Key components of the air fryer would be the heating element, the fan, cooking basket and control panel. [1] These all affect user requirements in different ways. For example, the heating element and fan are crucial for cooking the food evenly and overall cooking performance, while the cooking basket affects the user’s safety, ease of use and cleaning. 
If a QFD 2 was completed, it would show which of the air fryers components are most important based off the user’s requirements. This would then help the designers to prioritize certain component improvements over others, so components like cosmetic features or the housing would be at the bottom of the priority list. 
[bookmark: _Toc218776762]Conclusion
[bookmark: _Hlk218774502]In conclusion this report has applied a systems engineering approach to analyse the and improve the design of an air fryer. From looking at the air fryer as a system with inputs, outputs and user interactions, it was obvious that even a household appliance that is very simple to operate as a user relies on a lot of different functions and components to meet the key requirements of the user. The use case helped to understand and define how the user interacts with the air fryer during normal operation as well as identifying alternative and exception flows that can affect the users safety and the systems performance. 
To link user requirements with systems functions and find out which of the requirements is most important a Quality Function Development table was created. The results from the QFD showed that safety and the food being cooked evenly were the most important priorities for the users which highlighting how important safe handling and an even heat and airflow distribution are in a cooking appliance. By using the QFD results design improvements were able to be discussed making sure to focus on the areas that are most important to satisfy the user.
A few design improvements were discussed which included the improvement of airflow within the cooking chamber, a simpler and safer basket design, the use of a nonstick material in the cooking chamber for ease of cleaning and clearer control panel for. These small design improvements just show how little needs to be changed for a massive improvement in system performance, user safety and user satisfaction. 
Overall, this report demonstrates that using a structured engineering approach helps designers make better design decisions to satisfy the user. From using tools such as a use case and QFD to make sure that household appliances such as an air fryer are designed to meet the user’s requirements in a safe, effective and reliable way.
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Pairwise comparison of requirements



1 = No Preference, Reciprocal = 1

2 = Slight Preference, Reciprocal = 0.5

5 = Preference, Reciprocal = 0.2

9 = Strong preference = 0.11



The operator requires that the air fryer will cook 

food evenly

The operator requires that the air fryer is easy to 

clean 

The operator requires that the air fryer has a 

simple control pannel 

The operator requires that the air fryer will cook 

food within a short amount of time 

The operator requires that the air fryer will be safe 

to use in a kitchen

The operator requires that the air fryer will fit in a 

small spaced kitchen 

The operator requires that the air fryer will make 

minimal noise when in use 

The operator requires the air fryer to alert when the 

food is cooked 

Row Product

nth root of row product

Total Normalised

The operator requires that the air fryer will 

cook food evenly

1 5 5 5 1 9 9 5

50625

3.332017 26.16

The operator requires that the air fryer is 

easy to clean 

0.2 1 2 0.5 0.11 1 5 5 0.55 0.935732 7.345

The operator requires that the air fryer has a 

simple control pannel 

0.2 0.5 1 0.2 0.11 1 5 5 0.055 0.724503 5.687

The operator requires that the air fryer will 

cook food within a short amount of time 

0.2 2 5 1 0.11 2 5 5 11 1.3053 10.25

The operator requires that the air fryer will 

be safe to use in a kitchen

1 9 9 9 1 9 9 9

531441

4.326749 33.96

The operator requires that the air fryer will fit 

in a small spaced kitchen 

0.11 1 1 0.5 9 1 1 0.5 0.2475 0.856287 6.722

The operator requires that the air fryer will 

make minimal noise when in use 

0.11 0.2 0.2 0.2 9 1 1 1 0.00792 0.584151 4.586

The operator requires the air fryer to alert 

when the food is cooked 

0.2 0.2 0.2 0.2 9 2 1 1 0.0288 0.674251 5.293

0 0

12.73899 100
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How

Importance

Remove Basket 

Insert Food

Insert Basket

Turn on 

Select Cooking Mode

Select Time and Temperature 

Start Cooking

Heat and Circulate Air

Stop Cooking

Cool Down

Clean Basket 

Requirements

The operator requires that the air fryer will cook food 

evenly

26 9 9 3 9

The operator requires that the air fryer is easy to clean 

7.3 9 1 9

The operator requires that the air fryer has a simple 

control pannel 

5.7 3 9 9

The operator requires that the air fryer will cook food 

within a short amount of time 

10 3 3 9

The operator requires that the air fryer will be safe to 

use in a kitchen

26 3 3 1 9 9 9

The operator requires that the air fryer will fit in a small 

spaced kitchen 

6.7 1 1

The operator requires that the air fryer will make 

minimal noise when in use 

4.6 3 9 1

The operator requires the air fryer to alert when the 

food is cooked 

5.3 3 1 9

151 0 93 43 287 333 364 369 288 235 66

Target

Benchmark

Ideal Value


