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[bookmark: _Toc197003242]Introduction

This report describes the methodology and thought process of a “functionality and design of a household item” – in this study, an item that has risen in prevalence and versatility in a relative short time span will be investigated. This item is the Air Fryer. The Air Fryer is a kitchen cooking aid where its primary selling point is the ability to use less energy when compared to existing cooking appliances.
This report will follow a logical systems engineering toolset whereby the outputs from each step will be assessed and used to interpret and assess design choices going forward to potentially offer solutions for improvement. 


[bookmark: _Toc197003243]Understanding of Systems Engineering Rationale

It would be prudent to start with a definition of what systems engineering actually means. At first glance, it is a subjective statement and open to interpretation. It is the understanding of the author that a system is an interconnected group of discrete components that act together to provide a desired outcome, and from this logic, everything in the known world forms a system in one way or another based on these connected relationships. Whereas systems engineering is an interconnected groups of engineering and engineering management principles, based on 5 key principles;

	Systems Engineering Principles and What They Mean

	People
	Often overlooked
Can share knowledge of existing systems
Able to see interactions between levels of systems

	Process
	Governed by regulation
Provides a guide rather than instruction
Provides a layer of safety

	Technology
	How the product actually functions
Different technologies often used in conjunction

	Tools & Techniques
	Not designed as a fixed “Process” 
Used as a means to provide thinking aids
Will provide an answer, not necessarily the answer to a given problem

	Product
	The desired outcome
Can be tangible or intangible


[bookmark: _Toc197003275]Table 1 - Systems Engineering Principles and What They Mean


[bookmark: _Toc197003244]Tools & Techniques

Table 1 above provides a non-exhaustive list of these principles. Within the current study, the systems engineering design philosophy of BAE Systems [1] will be followed.  [image: ]

[bookmark: _Toc197003265]Figure 1 - BAE Systems LM05-02
Whilst the flow diagram in Figure 1 describes the whole lifecycle of a product design, this study will follow through to the end of Quality Function Deployment (QFD) 2. The general flow will be;
· Creation of a use case to identify how the desired function(s) of the product from relevant stakeholders
· Requirements setting via pairwise comparison
· Requirement functionality
· Design Quality Function Deployment (QFD) 1
· Function Means Analysis (FMA)
· Concept Design and 
· Design Quality Function Deployment (QFD 2)
Each of these gateways will be described in further detail in the subsequent sections. 


[bookmark: _Toc197003245] History 

Quality Functional Deployment has existed for some time, and there are some good literature sources describing these, [2,3]. However, they have used to a various efficacy due to how the process is followed [4], with 2 of the main reasons for lower usability down to;
· Complexity of the problem being studied
· Confusion when using the requirement categories
Similar systems thinking approaches have been developed which can also be used to observe system interaction before a process is deployed. Concepts within modern day Failure Mode and Effects Analysis (FMEA) for example can be traced back to as early as 1949 in the US Military with a process known as Failure Modes, Effects and Criticality Analysis (FMECA) [5]. 
Outside in the civilian landscape, a similar introspective look at system interaction was developed by Imperial Chemical Industries (ICI) in 1963 to investigate potential future issues with Process Safety after the Flixborough disaster and what, if any, lessons could be learned. The method developed from this is the Hazard and Operability Study (HazOp) [6], this seeks to take a complex system such a processing facility, and to break each area down, systematically, to investigate and identify key hazards and subsequently reduce the associated risks via a Quantitative Risk Assessment (QRA).
[bookmark: _Toc197003246]Description of the issue and context

For the tools within the toolset, it is important to set boundary conditions for the credibility of this study. As alluded to above, logical thinking shows that everything is connected from sub-systems to systems, and these systems can be sub-systems of other systems. Without setting appropriate boundary conditions, any investigation into system design will more than likely become too cumbersome and give conflicting evidence for forward progress or development. [image: A diagram of a diagram  AI-generated content may be incorrect.]

[bookmark: _Toc197003266]Figure 2 - Context of Scenario
In this study, as indicated in Figure 2, the boundary conditions have been limited to that of the local cooking environment. The cooking environment is the extent that the system will be impinged by external factors, and thereby encloses the system. It defines how elements within the system interact with each other to the extent of how successful the system will be. The operator in this instance interacts with both the local environment and the air fryer. Finally, the air fryer is contained with the cooking environment system and contains systems and sub-systems of its own. 

[bookmark: _Toc197003247]Requirements Gathering.

Initially, requirements on how any system is to be used must first be identified. This can be in a combination of means, from involvement of relative stakeholders, creation of a “Use Case”, user reviews (internet or otherwise) for similar systems and/or personal, previous experiences. Any or all of these will help define the system requirements. A use case is sometimes referred as the voice of the customer. 
A “Use Case” has been created for the use of an Air Fryer and is recreated in Figure 3 below;


Figure 3 - Use Case for an Air Fryer[image: ]

[bookmark: _Toc197003248]Requirements Analysis

Using the Use Case from Figure 3, closer analysis can be undertaken to determine the User Requirements. This will be done using an adapted Kano Model to group the identified requirements. [image: ]


[bookmark: _Toc197003268]Figure 4 - Kano Model
The Kano model groups the identified requirements into areas of interest and by the perceived level of importance. Here the expressed requirements are determined by the stakeholders to be of such importance as to be vocalised. Basic requirements are those that are assumed to be present for the associated system and will not be vocalised, but no less important to overall functionality. Requirements that fit the delight category are those that the stakeholder does not know that they want or require, and finally Assumed requirements are those that are not necessarily be vocalised and are often dictated by legislation, for example must be electrically safe.  
By using any or all these, form a holistic requirement set that can be gathered for the system design. 
[bookmark: _Toc197003249]User Requirements Gathering.

By studying the use case and previous user reviews a list of requirements can be generated.[image: ]

[bookmark: _Toc197003269]Figure 5 - Use requirements gathering.
Figure 5 is merely a list of desired outcomes but are too broad and vague to be used in their current form. By combining this list with the grouping methodology in Figure 4, they can be seen as follows;[image: ]

[bookmark: _Toc197003270]Figure 6 - User Requirement Groupings
Figure 6 is the streamlined output of the user groupings. The areas of strikethrough are requirements that have duplicated in other sections, whereas the red highlighted text form the User Requirement set to be taken forward through the Quality Function Deployment process. 
The user requirement set is therefore;[image: ]

[bookmark: _Toc197003276]Table 2 - Defined User Requirement Set.
The raw, unfiltered user groupings can be found in Annex 1.
[bookmark: _Toc197003250]Rationalised Requirements 

The next step is to take the user requirements set found in Figure 7 and determine their priority against each other. To achieve this a pairwise comparison matrix will be constructed, and each pair will be given a priority based on their perceived importance. The importance of each requirement will be given a numerical value relative to its importance so that a hierarchy can be demonstrated. Similarly, lower perceived Voice of the Customer requirements will be the reciprocal. The pairwise groupings can be seen below 
Figure 7 - Pairwise Comparison of User Requirements.[image: ]

From the pairwise comparison, the driving requirement from the User is requirement for the unit to be easily cleaned.


The last remaining dataset needed to proceed to QFD1 is to determine the functionality requirements. These are taken from the use case in Figure 3, and therefore become;
· Power on System
· Select 1 or both heating cabins
· Pick Pre-set feature
· Adjust temperature / time as required
· Insert uncooked ingredients to cabin(s) on tray insert(s)
· Start pre-set cycle
· Monitor periodically.
Now we have our input data, we can proceed to QFD 1. 

[bookmark: _Toc197003251]Functional Importance of QFD 1

The Quality Function Deployment (QFD1) takes the “What” from the Use Case and the “How” from the functional requirements analysis and aims to establish a relationship between the two groups, with the output from the matrix being target values for onward functional importance rankings. 
Taking the User Requirements from Table 2 and Functional requirements from Figure 7, further rankings can be given, these are shown in Figure 8 below.[image: ]

[bookmark: _Toc197003272]Figure 8 - QFD 1 Determination.

Being able to visualise the hierarchy of importance can be difficult to visualise, the functionality can be graphed to allow ease of observing the hierarchy of importance. [image: ]

[bookmark: _Toc197003273]Figure 9 - QFD 1 Functional Importances.
From Figure 9 above it can be seen that the function with the highest importance for the system to function as intended is the function to power on.
Thinking more laterally, this would make sense as the failure or inability for the unit to power on prevents every other function from occurring. At first glance this is counter to the requirements made by the user in which the priority requirement to be easy to clean.  



[bookmark: _Toc197003252]Function Means Analysis

With the completion of QFD1, the functional requirements now need to be investigated for what potential solutions can be used to achieve the desired level of functionality. This involves capturing a “thought shower” where any solution for each desired function is collated irrespective of perceived credibility, cost, practicality, or even if it is limited by current technologies so that other technologies would need to be matured for these to come to fruition. 
 [image: ]

[bookmark: _Toc197003277]Table 3 - Function Means Analysis
Table 3 above shows the Function Means Analysis for the Air Fryer, with the highlighted green solutions being the preferred option. From the chosen solutions, different concepts can be generated to address the function needs of the appliance.  

[bookmark: _Toc197003253]Concept Generation

At this stage, multiple concepts have been generated using different solutions to achieve the design aim.
[bookmark: _Toc197003254]Concept A – Microwave Power Source

This concept focuses on the use of microwaves to heat the food products. Otherwise, it features common technologies across various modern products.[image: ]

[bookmark: _Toc197003278]Table 4 - Concept A – Microwave Power
The monitoring functionality is something not present in the current design and would require further investigation as its own sub-system. This would also require the same requirements and functionality gatherings and would need to go through its own QFD process.


[bookmark: _Toc197003255]Concept B – Steam Powered

The second concept to be considered utilises steam as the power source for the appliance. Similar to Concept A, a vast amount of other functionality requirements are covered by existing technologies and sub-systems.[image: ]

[bookmark: _Toc197003279]Table 5 - Concept B – Steam Power

[bookmark: _Toc197003256]Concept C – Mains Power with Electric Timer

The generation of Concept C utilises a standard UK Mains power source, with an electric timer. The timer is a sub-system which so far has not been evaluated. [image: ]

[bookmark: _Toc197003280]Table 6 - Concept C

Concept D

Finally, Concept D, like Concept C above uses a UK standard mains power supply. However, it differs from the above system with addition of a thermometer. This a feedback style system and its functionality and requirements have not yet been interrogated. [image: ]

[bookmark: _Toc197003281]Table 7 - Concept D


[bookmark: _Toc197003257]Concept Evaluation.

With a number of concept designs being generated, it is important to understand how each design fares against each other and more importantly against the “What’s”, the Customer Requirements.  
[bookmark: _Toc197003258]Pugh Diagram

The Pugh Diagram is a matrix that allows a convenient way to consider different concept solutions and how each best fits the requirement criteria. In this study each of the stakeholders was engaged to gather thoughts and opinions of the proposed solutions. For each requirement a score was allocated to each proposed solution, the further from zero the score, the better or worse the outcome.[image: ]

[bookmark: _Toc197003282]Table 8 - Design Concept Comparison
After evaluating the results from the Pugh Diagram it is clear that Concept B – Steam is the clear loser and will not satisfy many of the customer needs. The two front-runners are Concept C & Concept D.  For the purpose of this study, Concept D will be taken forward.



[bookmark: _Toc197003259]Component Criticality QFD 2

Quality Function Deployment (QFD) 2 is very similar to the methodology of QFD 1, in place of taking the “How” and the “What” and outputting design requirements. QFD 2 seeks to take these and provide measurable requirements. These help in determining the sub-system requirements for the overall design.[[image: ]

[bookmark: _Toc197003283]Table 9 - QFD2 - Component Criticality

The outcome of the feature importance matrix show critical design features that are needed to facilitate functional design. Given the rankings, these can be graphed to show their relative importance, shown in Figure 10.


[image: ]

[bookmark: _Toc197003274]Figure 10 - QFD2 - Feature Importances
Looking at Figure 10, it indicates that the Human Machine Interface (HMI) is the driving feature within the system. 




[bookmark: _Toc197003260]Conclusions

This exercise has been an interesting and thought provoking process for the learner. It has challenged the way in which the world is viewed, as human nature tends to “solution-ise” a problem from previous experience and learned knowledge from others. By being able to take the step backward and view the problem from further back allows a deeper introspective look at the problem and be able to investigate every facet in a structured, and systemic manner. This also allows learnings to be accrued at each stage of the design process. 
A good example of this learning is from the initial user requirement where the key function for any new device was that it had to be easily cleaned. Following the methodology, it was clear that the ability to power on the device was critical in how it functions, something that had been taken for granted initially.  

[bookmark: _Toc197003261]Future Works

On completion of this study there are items to address for potential further works. 
In the initial requirements gathering stage, it could be seen that maybe they are too generalised providing vague requirements that are too open to interpretation. Redoing this initial stage and breaking some of the requirements into further subdivisions would allow for greater clarity. 
It would also be of interest if in the concept generation stage, the Pugh Matrix be looked at with an additional variant.  The Learner would be interested in comparing a hybrid design of Concept C and Concept D, and how, if anything would change. 
The learner is also curious how the chosen design in Concept D would evolve as it continues through the remaining rooms of Figure 1. 
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