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Systems engineering is a multi-disciplinary approach to designing, integrating and managing complex systems throughout their lifecycle [1]. Unlike other engineering disciplines, it focuses on the system as a whole and on how it interacts with other systems, both externally and internally [2].  A system is defined as a set of components working towards a common goal. Therefore, rather than looking at individual components, systems engineering looks at the interactions between the system’s elements and ensures the final system can implement its purpose reliably and efficiently. Systems engineering’s primary focus is the system's success in meeting its requirements and development aims [2]. Examples of systems that require systems engineering include complex systems such as aeroplanes, weather satellites, and power plants. 

The benefits of using system engineering can be:

· Complex systems often have dependencies and interactions which are not always obvious at the individual component level. Using methods such as requirement analysis enables you to highlight and understand these interactions. 

· In systems engineering, stakeholders’ needs are translated into measurable requirements, and these can be traced throughout the entire process. Resulting in every design decision being justified and the final system addressing the stakeholders’ needs [3].
In this assignment, the systems engineering approach will be used to design an improved household device. By doing this, this assignment can translate stakeholder needs into a fully justifiable design solution. The system engineering methods that will be utilised are requirement analysis, Quality Function Deployment, functional means analysis, and concept selection tools such as Pugh matrices. 
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Identifying stakeholders at the start of the systems engineering process ensures their needs are recognised and implemented throughout the design process. A household kettle, although a simple system, has a wide range of users, safety constraints, environments and manufacturing considerations to consider when designing 

For this assignment, the primary stakeholders were the domestic users of the kettle, and their requirements are shown in Table 1. 
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	Operator
	The operator wants a fast boil time

	
	The operator wants low energy consumption

	
	The operator wants easy to clean

	
	The operator wants it to have a clear water level with cup amounts
and not just litres.

	
	The operator wants it to have minimal noise when boiling.

	Partner
	The partner requires a large enough capacity for making drinks for a larger party if hosting



In addition to these users, other external stakeholders can be identified. Manufacturers and the supply chain have an interest in production costs. Retailers would be interested in product appeal. Safety and standards organisations require the kettle to comply with electrical safety regulations and standards. Identifying all stakeholders in the preliminary stages of systems engineering is crucial for considering all needs and constraints to develop the best solution. In a more in-depth systems engineering approach, the many stakeholders can be identified by constructing a stakeholder influence map and then capturing, organising and validating their requirements using affinity and tree diagrams.

To also prevent unrestrained expansion, a system boundary has also been defined. This system comprises only of kettle components, i.e. base, lid, control and sensing, and does not include external items such as the electrical grid and the user's mug, for example.

From these stakeholder requirements, you can then perform functional analysis showing the required functional behaviours and the key functions of the product. By analysing requirements, you can have a fuller understanding of the problem and find any unspoken requirements. The Holistic Requirements Model outlines the complete and consistent set of requirements for a system [4].

· Operational requirements (OR)
· Functional requirements (FR)
· Non-functional requirements (NF)
· Non-functional performance requirements (NFP)
· Non-functional system requirements (NFS)
· Non-functional Implementation requirements (NFI)
Operational Requirements (OP) define the system's purpose and constraints. This is not often stated by the customers/stakeholders and must be derived. From the stakeholder analysis done above, the OP for the kettle was defined as:

To provide a safe, user-friendly and reliable means to heat water to boiling point for hot drinks, using domestic mains power.

This is derived from the stakeholder requirements and design features and provides this assignment with a constant reference point, ensuring all development work remains aligned with the same goal. 
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After identifying stakeholders and defining the OP, the next stage is to structure user needs. This is where you take the customer needs and convert them into functional and design requirements. The customer needs are rationalised to clarify meaning and remove any overlap. By doing this, it results in concise, meaningful and non-duplicated requirements which can offer traceability into functional and design characteristics. The rationalised requirements for this assignment are:

· Fast boil time
· Low energy consumption
· Ease of cleaning
· Water level visibility
· Minimal operating noise
· Sufficient water capacity
· Aesthetically pleasing design
Alongside this, a use case can be derived to determine how a user will interact with a system to achieve the goal or, in this case, the OP. It can understand user behaviour and identify functional requirements. It shows pre- and post-conditions (what success and failure look like in this system), the basic and alternative flows for using a kettle, and any exception flows which outline any undesirable effects that could occur. Below is the use case for the domestic kettle system.



	Use Case for boiling water in a domestic kettle 

	Author E James
	Issue -1
	
	Date 02/1/26

	Actors:

Operator
Partner

Secondary stakeholder: Visitors


	Pre-conditions: -
· The kettle is plugged in.
· The kettle is in a safe working condition.
· Access to a clean water source I.e. Tap.


	Post-Conditions: - 

Success:
· Water is heated to boiling point (100C).
· Water is safe to pour.
· Kettle shuts off automatically. 
Failure:
· Kettle fails and does not heat water
· Kettle shuts off due to safety condition


	Basic Flow:- 
1. Lift kettle from base.
2. Open lid.
3. Fill kettle with water to the desired level using indicators.
4. Close lid.
5. Place kettle back on base ensuring proper contact.
6. Switch the kettle on using the power switch.
7. Kettle light turns on indicating operation.
8. Heating element activates and heats water.
9. Thermostat monitors temperature.
10. Water reaches boiling point.
11. Thermostat triggers automatic shut-off.
12.  Lift kettle.
13. Pour water safely into appropriate container.


	Alternative Flow:- 

· Step 1 skipped and kettle is filled without removing from base.
· Fill through spout instead of opening lid.
· Operator turns off kettle manually before boiling point.




	Exception Flow :- 

· No water in kettle so dry boils.
· Lid not closed properly or not put back on if it comes off completely.
· Overfilled beyond the max line.
· Kettle not seated correctly on base.
· Fails to heat when switched on.
· Operator lifts kettle during heating.
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Following the systems engineering practice, these customer requirements and the use case can be translated into a set of generic system functions. By completing this functional analysis, you can show what the system must do without defining how it will do it. This step allows you to separate system behaviour from the technical solutions and therefore supports better design flexibility further down the process. 

A verb-noun format was used to define the kettle's functions. This is so the functional requirements do not specify a solution and only what the system must do. For example, secure lid rather than screw on lid [4]. The functions for this assignment are compiled into the generic functions table below (Table 2), where a logical breakdown of the system's behaviour is specified using the use case and stakeholders' needs.
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	Operational Requirement
	
	Generic Function
	Definition

	To provide a safe, user-friendly and reliable means to heat water to boiling point for hot drinks, using domestic mains power.
	PREPARE WATER
	Receive water
	Allows the kettle to be filled with water.

	
	
	Verify water level
	Detects if the water volume is between the minimum and maximum safe levels.

	
	
	Secure lid
	Ensures the lid is closed to prevent spills.

	
	PREPARE HEATING SYSTEM
	Seat kettle
	Aligns the kettle correctly onto the base establishing an electrical contact.

	
	
	Supply power
	Delivers electrical energy to the heating element.

	
	
	Indicate Heating
	Signal when the kettle is operating.

	
	HEAT WATER
	Heat contents
	Converts energy into heat through the heating element.

	
	
	Monitor temperature
	Senses water temperature.

	
	
	Control heat
	Regulates heating and ensures efficient boiling.

	
	ENSURE SAFETY
	Detect boil
	Identifies when water has reached boiling point.

	
	
	Shut off heat
	Automatically disables the heating element when boiling is detected.

	
	
	Indicate Ready
	Signal when kettle is finished

	
	DELIVER WATER
	Enable pouring
	Allows safe pouring of hot water.





A functional flow diagram can also be constructed to understand the system's narrative, based on its component functions and how they interact to achieve the goal (OP). This often reveals unidentified functions. It can also outline the system's interfaces, as each flow is an interaction between these generic functions, and display any problem areas [5].

The functional flow diagram in Figure 1 shows the logical sequencing of the kettle components and their interactions with one another from receiving water to delivering water. Exception paths are also included, such as scenarios like dry boiling that are safety-critical behaviours. 
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Before making design decisions based on stakeholder requirements, requirements need to be rationalised and therefore weighted against each other. Often, stakeholder requirements are qualitative and vary in significance. After these requirements are assessed and any duplication removed, a pairwise comparison (PWC) can be completed. This is where every requirement is evaluated against each other, and a ranking system of them is produced. This allows for effective decision-making, determines relative importance, and avoids any biased prioritisation. 

Table 3 below is the pairwise comparison of the kettle customer requirements. Everything was scored from no preference to strong preference and then normalised, resulting in the bar chart shown in Figure 2. The chart clearly indicates that fast boil time and low energy consumption are the most critical requirements, with the kettle’s aesthetic appeal being the least important. 
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	Pairwise comparison of requirements
	The operator wants a fast boil time
	The operator wants low energy consumption
	The operator wants easy to clean
	The operator wants it to have a clear water 
level with cup amounts and not just litres. 
	The operator wants it to have minimal noise when boiling. 
	The partner requires a large enough capacity for making drinks for a larger party if hosting
	The partner wants it to look attractive and fit into the kitchen colours. 
	The partner wants it to be easy to fill
	Row Product
	nth root of row product
	Total Normalised

	The operator wants a fast boil time
	1
	1
	2
	5
	5
	2
	9
	2
	1800.00
	2.30
	23.73

	The operator wants low energy consumption
	1
	1
	2
	5
	5
	2
	9
	2
	1800.00
	2.30
	23.73

	The operator wants easy to clean
	0.5
	0.5
	1
	2
	2
	1
	5
	1
	5.00
	1.20
	12.34

	The operator wants it to have a clear water level with cup 
amounts and not just litres. 
	0.2
	0.2
	0.5
	1
	1
	0.5
	2
	0.5
	0.01
	0.60
	6.18

	The operator wants it to have minimal noise when boiling. 
	0.2
	0.2
	0.5
	1
	1
	0.5
	2
	0.5
	0.01
	0.60
	6.18

	The partner requires a large enough capacity for making
 drinks for a larger party if hosting
	0.5
	0.5
	1
	2
	2
	1
	5
	1
	5.00
	1.20
	12.34

	The partner wants it to look attractive and fit into the kitchen colours. 
	0.11
	0.11
	0.2
	0.5
	0.5
	0.2
	1
	0.2
	0.00
	0.31
	3.17

	The partner wants it to be easy to fill
	0.5
	0.5
	1
	2
	2
	1
	5
	1
	5.00
	1.20
	12.34
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Quality Function Deployment (QFD) is a systems engineering tool used to translate customer needs into valued functions. This process ensures that customer needs are linked to what the system must do and avoids focusing on designing features that do not meaningfully contribute to customer requirements. Burge, Hughes and Walsh emphasise that you need to start from the functions rather than the components, and you should focus on what the system must achieve rather than the specifics of how it is achieved [6].

In this assignment, a QFD 1 matrix was used to weigh the rationalised customer requirements from the PW to the functional requirements identified in the functional analysis. As shown in Table 4, each customer requirement was assigned an importance rating taken directly from the PWC, which was then multiplied by the strength of its relationship to the functional requirements. This was scored by 9, 3 or 1, where 9 is a strong relationship and 1 is weak. Boxes were also left blank where no relationship existed. This ultimately results in a way of identifying which functions matter most to the users. 

Figure 3 shows the results from this matrix and shows clearly important functions. By a significant margin, the highest scoring function is heat contents, which reflects the most important customer requirements of fast boiling and low energy consumption. Supplying power and controlling heat came out as the next most important functions, showing that the control and management of heating are strongly valued. Conversely, the functions of system ready and heating indication scored very low on importance. This indicates that these functions have very little importance in the customer requirements and will have little effect on designing a kettle that meets these needs. This has consequently highlighted that these indication features add limited stakeholder benefit and that any design effort put into them could be wasted. 
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	How
	Importance
	Receive water
	Verify water level
	Secure lid
	Seat kettle
	Supply power
	Indicate Heating
	Heat contents
	Monitor temperature
	Control heat
	Detect boil
	Shut off heat
	Indicate Ready
	Enable pouring

	Requirements
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	The operator wants a fast boil time
	23.73
	 
	1
	1
	1
	9
	 
	9
	1
	3
	 
	 
	 
	 

	The operator wants low energy consumption
	23.73
	1
	3
	3
	1
	3
	 
	9
	3
	9
	3
	3
	 
	 

	The operator wants easy to clean
	12.34
	3
	1
	3
	 
	 
	 
	1
	 
	 
	 
	 
	 
	3

	The operator wants it to have a clear water level with cup amounts and not just litres. 
	6.18
	1
	9
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	The operator wants it to have minimal noise when boiling. 
	6.18
	 
	 
	3
	1
	 
	1
	9
	 
	3
	 
	 
	3
	 

	The partner requires a large enough capacity for making drinks for a larger party if hosting
	12.34
	9
	3
	3
	3
	3
	 
	3
	 
	1
	1
	1
	 
	3

	The partner wants it to look attractive and fit into the kitchen colours. 
	3.17
	3
	3
	3
	3
	1
	3
	 
	 
	 
	 
	 
	3
	3

	The partner wants it to be easy to fill
	12.34
	9
	3
	9
	1
	 
	 
	 
	 
	 
	 
	 
	 
	3

	 
	 
	298
	246
	308
	112
	325
	16
	532
	95
	316
	84
	84
	28
	121
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Following QFD1, where the highest valued functions were identified, you can then utilise functional metrics to understand how well a function performs. This is a good way to maintain traceability from stakeholder needs to engineering verification.

The metrics used in this matrix are again functional rather than individual component level to avoid bias and ensure solution independence. The highest-ranking functions from QFD 1 are used and weighted against the customer requirements. To complete this fully, you would usually complete a matrix for each highest-ranking function, for example heat contents, supply power and control heat, etc. However, in this assignment, I will demonstrate the functional metrics benefit by completing only the top-ranked function. The key metrics included in Table 5 below are: time to boil, energy used per boil, final water temperature, dry boil cut-off time, noise level during boiling and external surface temperature. These metrics reflect the customer requirements and are directly correlated with the heat contents function, i.e. energy used per boil reflects the customer requirement of low energy consumption. The relationships between the customer requirements and metrics were scored using the same 9, 3 and 1 weighting as QFD 1. This allows us to rank metrics that will strongly influence customer satisfaction and identify which should be priorities during testing and later stages. 
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	Function:- Heat contents

Test method and relationship to requirements
	Importance
	Relationship
	Time to boil
	Energy used per boil
	Final water temperature
	Dry boil cut off time
	Noise Level
	External Surface Temperature

	Requirements
	 
	 
	 
	 
	 
	 
	 
	 

	The operator wants a fast boil time
	23.73
	 
	9
	3
	1
	 
	1
	 

	The operator wants low energy consumption
	23.73
	 
	3
	9
	1
	3
	 
	1

	The operator wants easy to clean
	12.34
	 
	 
	 
	 
	 
	 
	 

	The operator wants it to have a clear water level with cup amounts and not just litres. 
	6.18
	 
	 
	 
	 
	 
	 
	 

	The operator wants it to have minimal noise when boiling. 
	6.18
	 
	1
	1
	 
	 
	9
	 

	The partner requires a large enough capacity for making drinks for a larger party if hosting
	12.34
	 
	3
	3
	1
	1
	1
	1

	The partner wants it to look attractive and fit into the kitchen colours. 
	3.17
	 
	 
	 
	 
	 
	 
	1

	The partner wants it to be easy to fill
	12.34
	 
	 
	 
	 
	 
	 
	 

	 
	 
	0
	328
	328
	60
	84
	92
	39
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After identifying the system’s functions in functional analysis and QFD 1, Functional Means Analysis (FMA) was used to generate potential design solutions. FMA supports concept generation by listing each function and identifying multiple alternative means of achieving that function, ensuring that the design space is explored entirely before selecting [7].

An FMA table was produced for the kettle in Table 6, with the functional requirements in one column and several means generated for each, ranging from conventional kettle designs to more innovative solutions. It is key that no options are rejected at this point, and there is also the possibility of not doing that function. 

Burge, Hughes, and Walsh then suggest the next stage of concept generation in which whole-system concepts are formed by selecting one for each function [7]. From these, three system concepts were produced: Smart Kettle, Outdoor Gas Kettle and a Built-in Kettle. As seen in Table 7. 

FMA is valued as it enables structured creativity and functional thinking. It ensures that all three final concepts align with the customer needs and moves the design process to justifiable solutions rather than functions. 
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	Function
	Means

	Receive water
	Fill through spout
	Fill through open lid
	Reservoir that attaches
	Plumbed into mains water
	Funnel through port
	 
	 

	Verify water level
	Sight glass
	float
	Electronic Level sensor
	Led bar that rises with level
	don’t
	 
	 

	Secure lid
	thread
	click/lock
	magnetic
	Twist lock
	Gravity
	hinge
	don’t

	Seat kettle
	magnetic alignment
	twist/lock
	central point can be used in any orientation
	slide and lock
	thread
	don’t
	 

	Supply power
	mains to base
	mains to kettle
	Battery
	induction pad
	solar
	wind
	gas

	Indicate Heating
	LED
	pop up flag
	whole kettle lights up
	Noise (beep)
	don’t
	 
	 

	Heat contents
	Heating element
	Gas flame
	induction
	nuclear
	fire
	 
	 

	Monitor temperature
	digital probe
	Analogue probe
	thermistor
	infrared
	thermal camera
	don’t
	 

	Control heat
	manual off/on
	thermostat controller
	boil detection cut off
	 
	 
	 
	 

	Detect boil
	steam sensor
	temperature sensor
	bubble sensor
	 
	 
	 
	 

	Shut off heat
	switch cut off
	manual switch
	time based switch
	Electronic Relay
	don’t
	 
	 

	Indicate Ready
	LED
	Noise (Beep)
	pop up flag
	phone notification
	whole kettle changes colour
	don’t
	 

	Enable pouring
	Automatic Dispenser 
	handle
	2 handles
	pouring trigger
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	Function
	Smart Kettle
	Outdoor Gas Kettle
	Built in Kettle

	Receive water
	Fill through spout
	Reservoir that attaches
	plumbed into mains

	Verify water level
	Electronic level sensor
	float
	sight glass

	Secure lid
	Magnetic
	thread
	don’t

	Seat kettle
	Magnetic
	thread
	don’t

	Supply power
	Induction pad
	gas
	mains to kettle

	Indicate Heating
	Whole kettle lights up
	pop up flag
	LED

	Heat contents
	Induction  
	gas flame
	Heating element

	Monitor temperature
	Digital probe
	analogue probe
	infrared

	Control heat
	boil detection cut off
	manual off/on
	thermostat controller

	Detect boil
	temperature sensor
	bubble sensor
	steam sensor

	Shut off heat
	electronic relay
	manual switch
	switch cut off

	Indicate Ready
	phone notification 
	pop up flag
	LED

	Enable pouring
	pouring trigger
	2 handles
	automatic dispenser
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To select the ultimate kettle system concept, a Pugh Matrix was used. This continues the objective decision-making throughout this process by comparing each function concept against the customer requirements. It is scored from -2 (much worse) to +2 (much better) relative to a standard, in this case, a standard household kettle. By doing this, it supports rational decision-making and avoids bias. 

In this assignment, the three system concepts of smart kettle, outdoor gas kettle and built-in kettle were evaluated against the standard household kettle in Table 8. Extra requirements, such as availability and purchase cost, were also factored in. These scores were then weighted against the customer requirement importance found in the PWC to give an overall ranking. This showed that the smart kettle was the superior choice, and the gas kettle was the worst due to its suitability and performance in a domestic capacity. Due to this, the Smart kettle was chosen as the preferred concept. 
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	Relative Importance Equal
	Relative importance Weighted
	Standard household kettle
	Smart Kettle
	Outdoor Gas Kettle
	Built in Kettle

	WHATs - Customer Requirements
	 
	 
	 
	
	 
	 

	The operator wants a fast boil time
	5
	23.73
	0
	1
	0
	2

	The operator wants low energy consumption
	5
	23.73
	0
	1
	-1
	-2

	The operator wants easy to clean
	5
	12.34
	0
	0
	-1
	-2

	The operator wants it to have a clear water level with cup amounts and not just litres. 
	5
	6.18
	0
	2
	-1
	-2

	The operator wants it to have minimal noise when boiling. 
	5
	6.18
	0
	1
	1
	0

	The partner requires a large enough capacity for making drinks for a larger party if hosting
	 
	12.34
	0
	0
	1
	2

	The partner wants it to look attractive and fit into the kitchen colours. 
	5
	3.17
	0
	1
	-1
	2

	The partner wants it to be easy to fill
	5
	12.34
	0
	0
	-1
	2

	 
	 
	 
	 
	 
	 
	 

	Development Cost
	5
	10.00
	0
	-2
	-1
	-2

	Purchase Cost
	5
	10.00
	0
	-1
	-1
	-2

	Availability 
	5
	10.00
	0
	-1
	-2
	-1

	 
	 
	 
	0
	10
	-40
	-25

	 
	 
	 
	0
	29.1742
	-79.2303
	-31.362

	Ranking
	100
	 
	0
	-19.1742
	39.2303
	6.362
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QFD 2’s purpose is to translate the system design requirements into solution requirements. Unlike QFD 1 which ensured system functions aligned with customer needs, QFD 2 ensures the generated solution is compliant with the design requirements. QFD 2 utilises the prioritised functional requirements from QFD 1 and links these to the selected design solutions. This ensures traceability from stakeholders’ needs to the system design, highlighting and featuring those that will contribute little value. 

In this assignment, the smart kettle solutions were mapped against the functions from QFD 1, and the same relationship scores of 9, 3 and 1 were used (Table 9). These values were multiplied by the functional importance rating from QFD 1 to obtain the total feature importance, as shown in Figure 4. 

Figure 4 shows that induction heating is by far the most critical design feature as it supports the most important functions found in QFD 1, such as heat contents, control heat and supply power. Other top-ranked design features, such as induction pad and boil detection cut off, rank highly due to also contributing towards critical functions that drive safety and control and therefore align with top stakeholders’ requirements and important functions. The lower-scoring features, such as phone notification and whole kettle lighting up, agree with the previously identified indication functions, which ranked as of lower importance. This ensures the engineering focus is aligned with the most important design solutions. 

This process ultimately moves the user-driven functional priorities into design-level priorities and allows decisions to be made on potential design trade-offs and cost allocations. It shows that the smart kettles' performance in delivering the customer requirements will depend on controlling and delivering heat safely and efficiently, and not, for example, on whether the kettle has an indicating light on it. 
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	Design feature
	Importance
	 
	Importance
	Fill through spout
	Electronic level sensor
	Magnetic
	Magnetic
	Induction pad
	Whole kettle lights up
	Induction  
	Digitial probe
	Boil detection cut off
	Temperature sensor
	Electronic relay
	Phone notification 
	Pouring trigger

	Functionality
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Receive water
	298.5
	10
	30
	9
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Verify water level
	246.4
	10
	25
	 
	9
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Secure lid
	308.0
	10
	31
	 
	 
	9
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Seat kettle
	112.5
	10
	11
	 
	 
	 
	9
	3
	 
	 
	 
	 
	 
	 
	 
	 

	Supply power
	324.9
	10
	32
	 
	 
	 
	3
	9
	 
	9
	 
	 
	 
	 
	 
	 

	Indicate Heating
	15.7
	10
	2
	 
	 
	 
	 
	 
	9
	 
	 
	 
	 
	 
	 
	 

	Heat contents
	532.1
	10
	53
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This assignment used a structured systems engineering approach to find a design solution for a domestic kettle. It progressed from stakeholders’ needs to a fully rationalised design solution. 

Stakeholder and operational requirements were identified and translated into functional requirements rusing a use case and a functional flow diagram. These functions were then prioritised using a PWC and QFD 1 matrix, and the most critical functions were identified. Different function concepts were derived by using FMA, and the top three design solutions were then evaluated against a standard kettle using a Pugh Matrix. From this, the smart kettle concept emerged as the better solution, offering improvements in most areas. This final concept was then evaluated in a QFD 2 matrix, ensuring that each design function solution was critical to the customer’s requirements. This, therefore, highlighted the key areas for further engineering development. 

Systems engineering can go on further from this to develop subsystems, components, and a manufacturing design system. This can allow for hazard analysis, cost modelling, verification planning, and ultimately seeing the system through its lifecycle. 

Overall, this assignment demonstrates how systems engineering supports stakeholder-driven design decisions and ensures that the final concept is functionally appropriate and aligned with user needs.
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Rationalised Customer Requirements

The operator wants a fast boil time	The operator wants low energy consumption	The operator wants easy to clean	The operator wants it to have a clear water level with cup 
amounts and not just litres. 	The operator wants it to have minimal noise when boiling. 	The partner requires a large enough capacity for making
 drinks for a larger party if hosting	The partner wants it to look attractive and fit into the kitchen colours. 	The partner wants it to be easy to fill	23.726660898793337	23.726660898793337	12.336813862943036	6.1846831659473738	6.1846831659473738	12.336813862943036	3.1668702816894849	12.336813862943036	


QFD 1 Functional Importances
Receive water	Verify water level	Secure lid	Seat kettle	Supply power	Indicate Heating	Heat contents	Monitor temperature	Control heat	Detect boil	Shut off heat	Indicate Ready	Enable pouring	298.48504603161291	246.42709997436941	308.01351188222947	112.48587126037465	324.89724265603866	15.685294011015827	532.0893001235786	94.90664359517335	315.61079414630518	83.516796559323041	83.516796559323041	28.054660342910577	120.53193561155578	#REF!	


Feature Importances
Fill through spout	Electronic level sensor	Magnetic	Magnetic	Induction pad	Whole kettle lights up	Induction  	Digitial probe	Boil detection cut off	Temperature sensor	Electronic relay	Phone notification 	Pouring trigger	268.63654142845161	221.78438997693249	289.26535425516209	198.70645693114881	485.78006980562077	14.116764609914243	802.84896791628603	205.15425644734449	415.84071575817836	223.37538719363124	178.20003480321461	25.249194308619519	108.4787420504002	
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