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[bookmark: _Toc167019009]Briefing 
This report is for a new design of a Kettle, throughout the report and design book there will be set requirements to be followed and the design book will dictate which requirement is more important than the rest. The design book will also help visualise which requirements are customer required or government mandated in the country of which it will be sold in.

The report base is also used so the Design Book can help plan and holistically figure out the ways in which requirements and concepts will function the best when up against other requirements, this will be explained/shown later in the report in the respective sections. The design book will be based on a household object, the report will be based upon a typical household Kettle which could be reinvented into a more household friendly Kettle.
[bookmark: _Toc167019010]Kettle Overview

The Kettle I am redesigning will mainly have the objective of being safer/more self-accommodating. The ways it should be able to do this are by being safe to touch whilst being hot or boiled. This will be achieved by using ceramic lining of the kettle to dissipate heat relatively like that of a space crafts materials dissipating heat when entering/exiting orbit, this lining will be on the inside of the kettle with a outside shell to protect it from the outside elements of the day-to-day household. Another feature will be the on and off switch for the ignition of the kettle, this should consist of two different functions: a green light and a red light. The green light is to show that the kettle has started to boil but is not hot as logically humans don’t associate hot with the colour green and when it has started to boil and has boiled the light will switch to red to show that it is hot and ready, similar to the green light it will link with the holistic reasoning that red is associated with hot within the human brain. 

For the Kettle to be powered there were many different power sources to be considered, should it have an innovative new power source like wireless? Should it have a simple and cost affective one like the simple British standard plug or even the European plug? This was all considered but eventually the cost affective and most logical decision was to have the British Standard Plug (13 Amp) as to accommodate and make it more appealing for UK users. When using a 13A plug the manufacturer would have to adhere by UK Government legislation for the plug and as such would have to adhere to other legislations and requirements for the whole of the kettle. 



[bookmark: _Toc167019011]Key Requirements 

For this report there was a requirement to collect the specific requirements that the customer needed and those that the government of the specific country needed, as well as what would make it functionable. These were found and the relevant sheets in the design book were filled out. The below shows the requirements in the ‘Requirements Set’ sheet:
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[bookmark: _Toc167019051]Figure 1, Requirements set.
Figure 1 shows the requirements needed from the customer and those from the government in the ‘Originator’ column. This helps the designer team to know which are flexible or which are needed to be complied with. In column 1 labelled ‘Level 1’ shows the basic requirement of the Kettle, this being it being able to heat the contents to a required temperature. Then in ‘Level 2’ the requirements get more in depth and advanced by having specific or more generalised requirements such as “The Kettle must have an easy way to power it that is common in most households/outlets”, this means that it would have to be designed with a common power outlet that is popular in the said country of sale. ‘Level 3’, this is the advanced column which shows the greater description of the requirement, an example of this would be in Level 2 and the second requirement down; then if you look at Level 3 on that same line it states the specific capacity the kettle should have. This helps understand the very specific relations each of the requirements have in the Design Book. Throughout the Design Book the requirements are needed to be inputted into some of the other sheets so having them written down like shown in Figure 1 also helps as you have all the information ready and close by.

[bookmark: _Toc167019012]Rationalised Requirements PW 

Rationalised Requirements is where the comparison comes into play. On this sheet it is mainly focusing on the point of which is your most important requirement (or the customers), this is set out by having a table as shown below in Figure 2.
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[bookmark: _Toc167019052]Figure 2 Rationalised Requirements.
Figure 2 shows the most important pairwise comparison between the requirements. The requirements are stationed at the top of the sheet, Columns 1 – 12 and then the requirements are also then based on the left on rows 1 -12. This allows a clear and easy comparison of certain requirements, for example you would have R1 (row 1) and C2 (column 2) and compare the two requirements against each other. The reader will see that there are blacked out ones going diagonally across the table, this is due to the fact that you could not mark the same requirements down as they are the same and provide no different level of importance. 

The way to measure the importance of each requirement is by using the diagonal line as a divider ad having the top section using the reciprocals of 1,2,5,9 which would be 1,0.5,0.2,0.11. The top half is decimals, and the bottom half is whole numbers, this then provides an easy visual as to what value has what and those numbers then get converted by formulas which are embedded into each row and column to then get an outcome at the “Row product”, “nth route of row product” and “Total Normalised” columns. These then get reflected into the graph in Figure 3. 


[bookmark: _Toc167019053]Figure 3, Rationalised Requirements Graph.
All the information in the table is transferred into the above table. This should show which requirement is most important to the customer if done right, for the Kettle it is that the main requirement be “Easily moveable, ‘1 man lift’” . All the requirements are to be worked toward, but this shows that this is the most needed/wanted one to be worked towards, obviously this is an easy requirement to achieve due to it just needing to be small enough or light weight. The second most important requirements are the, “conforms” requirements. This is due to the Kettle needing to be able to be a sellable product to create revenue and to do that it must conform to UK Legislation and regulations, hence them being requirements. The lowest requirement is “Lid to open/easy access to innards” which did not score high enough to get a figure on the graph, this is understandable however because you get some kettles which you cannot open naturally (Hydro-Kettles).
 






[bookmark: _Toc167019013]Required Functions

Now that the customer has their requirements organised and the importance of them is shown they will need functionality, this is to have a base understanding of how the product would work, this is again shown in figure 4.
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[bookmark: _Toc167019054]Figure 4 Required Functionality.

Much like the key requirements the required functions are presented in the same way. Level 1 is the most basic function for a kettle, then level 2 is a more in-depth view of the functions of a kettle and level 3 is the in-depth functions for this kettle (Speed Kettle). Each of the functions are specific to this kettle design, hence the speed of the kettle being super-fast (12.7 seconds) and the ceramic lining of the kettle to dissipate heat as to make it safe to pick up/touch.

The reasoning for having a kettle boiling super fast at 12.7 seconds is due to always having to spend 2-3 minutes waiting for a kettle to boil, which is 2-3 minutes that could be sued to do something more productive within the time of the day. The timing though was based on mathematics of :

[1] “How is the time it takes for water to boil away calculated? The time it takes for water to boil away can be calculated using the formula: t = (m * h) / (C * (Tb - Ta)), where t is the time in seconds, m is the mass of the water in grams, h is the heat of vaporization of water (2257 J/g), C is the specific heat capacity of water (4.184 J/g°C), Tb is the boiling point of water (100°C), and Ta is the initial temperature of the water.”

This then can give a rough estimate of time from a 1.7 Litre body of water at a rough 15 degrees Celsius according to Brita[2].




[bookmark: _Toc167019014]QFD 1 

QFD 1 is a time to put into comparison which functions and requirements have the highest scores to determine how they work together. It is also the decipher between customer and requirements much like in ‘Rationalised requirements’ where the customer gets to have input on which requirement is most important, in QFD 1 they get to see those functions and requirements go up against each other to determine their relation to the design whilst assigning them with importance data. 

Within QFD 1 there are three different variables:

	1 – Minor relation  
	3 -  Relation 
	9 – Major Relation
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[bookmark: _Toc167019055]Figure 5, QFD 1.

This helps give a clear and easy visual view into which design features are the best and most significant to that design. In the Design book the three values also have visual ques, as in the book each value has a colour (1 – yellow , 3 – orange , 9 – red), these can be seen in figure 5. For example, requirement 1 in QFD 1 is about the closing and opening of lids this then majorly relates to “Lift hatch to fill then close” and “Lid to be abled to open” . The boxes that meet in the middle of those functions and requirements then have ‘9’ to show the relation ranking as well as it being red to have that visual que. The “Lid to be closed again” function has a 3 attached to it to show Relation but not major relation due to the fact that the requirement only states it must open and have easy access to the innards, hence the 3 because closing the lid does not link to this directly. This has been done throughout the whole of the QFD 1 sheet and values along the bottom show the relation between the functions and requirements, they are created by the relations between the two titles and a formula within the sheet will dictate those numbers. On the right-hand side of the sheet there are requirements specific details which are needed to give insight to the requirements, also on the left side there is an importance column which is rated from the Rationalised Requirements sheet. The reader will observe the grey highlighted line/boxes in the middle of the table, this is due to the requirement not having any direct relation to the functions shown.


[bookmark: _Toc167019056]Figure 6, Graph for QFD 1.
The graph above (Figure 6) shows the high importance which the QFD1 table has produced, the highest function produced. 


[bookmark: _Toc167019015]Functional Means Analysis (FMA)

Functional Means Analysis is a key step in the design process and the design book. This step of the process is when the functions meet the means of said functions, for instance the function “Lift lid/fill then close” would have a means of lifting by manual handling and then filling via a tap/water pump, then closing via manual handling again. This as done for all the functions, some have achievable means of functions and others have unachievable and uncommon. These three rankings show the ease of enabling those functions to work, lifting a kettle is achievable with manual handling (using arm strength) but uncommon with a drone/hydraulic arm. 
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[bookmark: _Toc167019057]Figure 7 FMA Table.
In the FMA table there are some physical means of completing the functions but also some chemical and mechanical features, such as the mechanical being the ceramic lining of the kettle to keep the heat dissipated/a higher heat temperature so that the kettle will stay roughly safe or cold. The Drone means of functions would work by having the kettle built into/ attached to 4 propellers and would then allow for free movement of the kettle as a whole and therefore avoiding the need for human interaction for movement to fill the kettle or to empty it. 

The ‘all in one’ means would mean that the heating element would be firmly attached to the kettle and would not be able to be separated this would then cancel out the need to place the kettle back onto or off the heating element. However, this could increase the risk in having a fire or a fault and it being more complex to find the fault within the whole system. 

An unachievable means would be the ‘magic’ or ‘timer’ means. The magic one is unachievable due to the concept of magic not being physically possible or real. The timer one is unachievable due to it being unreliable, this would be due to having the timer set to a specific time which would turn off the kettle after said timer went off but this could meant that the liquid inside the kettle would not be fully boiled or heated through due to the varying volume of liquid inside of the kettle, this therefore makes it unreliable as it would not maximise boiling time and would also not minimise the time needed to keep it heating.







[bookmark: _Toc167019016]Design Failure Mode and Effect Analysis

The design failure mode and effect analysis are a key point in the design process due to each function needing to be tested or have an idea of how there could be faults and failures and if so, how often they would occur. This would then help by having a remedy or by having an idea of those outcomes. 
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[bookmark: _Toc167019058]Figure 8, DFMEA Table.
In figure 8 it shows some of the functions being tested against the different failure modes to conduct the effects that the user would see, severity of those failures, causes of those failures and the mechanism and occurrence. The failure modes have 5 different stages, which can be seen above in the second column labelled ‘Failure mode’ , each failure mode is important to holistically work out which failures could be detrimental to the functions of the kettle. For example, the electrical function has the intermittent failure mode being that the power turns on and off at intermittent (random) times. This then causes an effect on the system sometimes working as the power isn’t constantly powering all necessary electrical functions within the kettle, this would then be seen as the kettle not fully working or “intermittently working” as shown in ‘Effect Seen by User’. The severity of this was only rated to a 5 out of 10 due to the kettle could still be fixed and returned for a refund at a shop, which means no harm has been done to the user but only an inconvenience of time and effort which isn’t a good point but better than the user being harmed, hence the 5. The mechanism of this would be that there has been a power source problem due to the power being on and off but could also be the internal electrical systems. The occurrence of this should not be that often due to safety and quality control checks done during the manufacturing stages, however, this is prevented by having electrical standards followed as they are there for safety and effective system usage. This was giving a rating of 100, which isn’t the best nor the worst within the category of electrical functions. 

[bookmark: _Toc167019017]System Pugh 

The System Pugh is a key step in comparing the current kettle verses the Speed kettle. It puts the requirements against other kettles similar to that of the designs which are being systematically thought through. The other kettles which were chosen to be compared from are: Camping kettle, Hydro-Kettle , generic current kettle. These were chosen because of the need to compare different styles of systems to this system to see which is better, for example the camping kettle will be better at a camping environment rather than the speed kettle but in a normal household environment the speed kettle would be better, but for these kettles they are being measured against the requirements which were set out in Requirements rationalised. The scorings will be done 0,1,2. 0 being the lowest and showing that there is no relevance to the requirements, 1 showing that there is a relevance but not a major one , 2 showing that there is a major relevance to the requirements and therefore is systematically the same or very similar. Just like the other tables the scores will be collected by a formula within the sheet which will tally and present the scores at the bottom of the table. 
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[bookmark: _Toc167019059]Figure 9, System Pugh.
In figure 9 the reader will see that the speed kettle has the highest score out of the four different designs of kettles. However, there are stages and requirements that fit better for the different kettles, this would be like the requirement of “Large Capacity of Storage” and the hydro-kettle being a very good match because the Hydro-kettle has a large reservoir of water available as it is plumbed into the mains of the kitchen. This then clearly has a high relevance and therefore obtained the score of 2 for that requirement. 

For the requirement, “Must have an easy way to power it that is common in most households” the current kettle and the camping kettle both scored 0 for that. This was due to not all kettles have a UK Standard plug nor does the camping kettle which is heated via a flame not an electrical plug socket.  


[bookmark: _Toc167019018] QFD 2 

QFD 2 is quite similar to QFD 1 but this time with a greater understanding of the functions as well as the requirements and the functions being at opposite sides to where they were in QFD 1.  The grading system is still the same with the values of 1,3 and 9, with them having the same colours of yellow, orange and red. 
[image: A diagram of a graph

Description automatically generated with medium confidence]
[bookmark: _Toc167019060]Figure 10, QFD 2.
QFD stands for Quality function deployment and is the tool which will help the conversation between the functional requirements and the final designs. This is key to finally see the finalised scores and figures of these functions and requirements. In the importance column these are brought over from the previous sheets and stages in the design book. The scores along the bottom are what the values are made from the sum product columns in that table via a formula, this gives a visual guide as to what is working the best and what is working the worse. The importance scores are also used within the formula to help calculate the final bottom scores, which is why in some columns such as “The Kettle plug must conform to BS 1363 Plug” have the final score of 374 whilst only having two boxes filled with a 9 and a 3. 

Each coloured box is there in relevance to the importance of that function/requirement just like in QFD 1; this is because there would have been changes due to the system thinking that had been done previously in the design book. This allows the design team and the customers to also discuss the difference and maybe if some requirements needed to be changed. For instance, the lowest score in QFD 2 is 14, this is the “Must not cause fire or harm to the surrounding environment” this was given only a 1 in the column due to hot water not typically causing fires around the uses with kettles in average households.  


[bookmark: _Toc167019019]Conclusions & Summation

In conclusion, if this was going into a mass production it would have to be changed requirements wise but as I believe it will only be batched produced the requirements are a good fit as on each batch produced it can be updated and tweaked to the feedback given. Each of the stages of the design book rolled off and into each other easily and it was simple to understand and fill out especially with the help of the formulas inside the sheets. The stages of QFD’s are finalised and are understandable in the choices of importance I have given them (1,3,9), this is because it either doesn’t have direct relevance to the requirement/function or has a small relevance but not enough to give it the values needed to affect the scores greatly. Within the Functional Means Analysis, it was difficult to discover new and innovative ways to improve on a current kettle as its function in the everyday life is simple: to boil water. This meant that trying to oversimplify it even more in some instances would mean over complicating a basic design, however I think the added use of drones to move about without using humans to move it or the ceramic lining to help disperse and keep in heat with the copper insides would be a good idea if there are children around or if it is a high paced environment such as a coffee shop or tea shop. I also think that if kettles were faster and if this design was to be put into a physical manufacturer it would do well due to its high speed of boiling, which can’t compete to a hydro-kettle which is constantly boiling and keeping hot water at the ready but it would definitely save time and help make more time for doing little tasks in the workplace or households. Overall, the design process was systematically and efficiently made to try give out the best outcomes possible with customer input and common problems occurring.  
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QFD 1 Functional Importances
Lift kettle off of heating device 	Move to sink	Lift Lid/Hatch to fill then close	Place onto Heating Device 	Put plug into socket	Turn on switch/plug	Push down switch - turns green to indicate on	Ceramic lining should kep the heat in but the outside of the kettle cold enough to touch	Kettle should take about 12.7 seconds to boil	Light on the push switch should lift up and turn red to indicate hot	Lid will be able to be opened 	Lid should be cold to touch due to the ceramic lining 	Pick up liquid filled kettle off heating device	Pour hot liquid into other containers	Lid to be closed again	158.39083187560647	131.9427550670496	158.60823663234612	271.21519115553298	312.57561491147908	309.69201649593015	187.14296058858284	84.998725061630779	288.26366478497545	88.813355176571136	204.58828589171333	141.10022247783758	249.74829770838215	398.27939263078895	89.513245764928428	0	0	#REF!	



Lid to open/ easy access to innards 	Large capacity of storage must not exceed 2.0 Litres and must be above 1.5 Litres 	The kettle must have an easy way to power it that is common in most households/outlets.	The kettle must heat to a boil consisitently without fail and within a certain time frame. 	The kettle must conform to BS EN 13750:2002	The kettle plug must conform to BS 1363 plug	Must not cause fires/harm to the surrounding enviroment 	Must be energy efficient 	Should have a shelf life of at least 6-7 years	The design shoud be ergonomic in shape but also easily identifiable and stands out.	Easily moveable, '1 man lift'	Holds heat for a preset amout of time	0	4.3646511750997368	5.0403390469419387	5.4882582964753164	11.862101718808468	12.792622295174775	5.7074818769030298	6.5842326150975676	8.3774377188845008	10.149497504866963	14.325216994074594	10.943509582573384	0	0	0	0	0	0	0	
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