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Operational Requirement

The system to be delivered will be an improvement on or a superior alternative to a standard knife within a kitchen for its normal uses in cutting and preparing ingredients or foodstuffs. Other uses will not be considered beyond to rule out solutions that provide key safety issues.




Key customer requirements

Firstly, the customers for this system will be;
People with a high degree of experience cooking.
People who do not have a great deal of experience cooking.
People who are potentially tired or impaired or distracted whilst cooking.
People with underdeveloped brains trying to cook (Children), likely under observation.
Secondly these customers voiced the following requirements.
People with a high degree of experience cooking valued;
The tool being able to cut effectively, minimizing the force and thus increasing control.
The tool being able to cut cleanly, minimising sticking and slipping.
The tool having a good grip, that is both comfortable and easy to hold over the course of preparing ingredients.
Reusability, with the example given being a knife not dulling easily.
Having multiple uses- Ie cutting vs dicing, not being limited to certain ingredients.
People who do not have a great deal of experience cooking valued;
The tool being good at cutting, making it easier and safer to use.
The tool being durable and usable over a long period of time.
The tool being easy and safe to store.
People when tired, impaired or distracted valued;
The tool being sharp.
The tool being durable.
(less important) the comfort of the handle.
Children valued;
The blade being sharp and good at cutting.






Based on this we can produce a customer list of requirements;
The tool being able to cut effectively.
The tool being able to cut cleanly.
The tool having a good grip.
The tool being durable.
The tool having flexibility in purpose.
The tool being easy and safe to store.
Notably this misses out on explicit safety in use, likely because all asked either took it for a given or didn’t care (see child).
Thus as an unspoken requirement we have:
The tool should be safe to use without specific training. (Familiarity)
A Gemba visit was done on sample population but did not find anything not mentioned at other times.
					Use Case
Actors;
People with a high degree of experience cooking.
People who do not have a great deal of experience cooking.
People who are potentially tired or impaired or distracted whilst cooking.
People with underdeveloped brains trying to cook (Children), likely under observation.
Pre-conditions; 
The tool will have a mechanism by which to cut or otherwise split.
The tool will be controlled by a person.
The tool will be used repeatedly.
The Actors will be aware in advance of what they will be using the tool for.
Post-conditions;
The needed ingredients will be cut or otherwise rendered down to the state desired for cooking or consumption.
The tool will be intact to repeat the process
The Actors involved will be unharmed.
Basic Flow;
Actor takes tool from storage.
Actor takes control of tool.
Actor places the desired ingredient or foodstuff on an appropriate surface.
Tool is used to in some manner cut the desired ingredient or foodstuff down to the required state.
Tool is cleaned, made safe and re-stored.
Alternative Flow;
Actor takes tool from storage.
Actor takes control of tool.
Actor places the desired ingredient or foodstuff on an appropriate surface.
Tool is in some way damaged and  fails to cut
Actor can clearly see failure to cut
Actor checks tool
Actor identifies problem and resolves it or is unable to and switches to an normal knife.
Exceptional Flow;
Actor takes tool from storage.
Actor takes control of tool.
Actor places the desired ingredient or foodstuff on an appropriate surface.
Tool is in some way damaged and  fails to cut
Actor can clearly see failure to cut
Actor tries again with more force
Tool slips or control is otherwise lost and the actor cuts themselves.
Similarly I was not able to derive another requirement from this, though it made the comparison of requirements more clear.


Pairwise Comparison of Requirements
[image: ]

Here I have done a pairwise comparison and the results demonstrated in a bar chart.
From this we can draw that whilst there is a clear most important requirement, that the tool be familiar to a user and thus not need any special practice or training to use safely, and the ease of storage isn’t as important, the other requirements are more similar, if still sufficiently different to be prioritized. 


Requirement Analysis
The tool being able to cut effectively.
The tool being able to cut cleanly.
The tool having a good grip.
The tool being durable.
The tool having flexibility in purpose.
The tool being easy and safe to store.
The tool should be safe to use without specific training (This one was found after the first round of requirement analysis).
Basic;
The tool should be safe to use without specific training
Whilst this was not mentioned we can reasonably assume that if it was lacking the end user would be more than a little disappointed.
Assumed;
The tool having flexibility in purpose.
If the tool was more limited in purpose than a knife, ie could not cut certain ingredients,  then it would a considerable flaw or compromise in design, however some limitations would not necessarily render it unwanted.
Expressed;
The tool being able to cut effectively.
The tool being able to cut cleanly.
The tool having a good grip.
The tool being durable.
These are all clearly expressed desires for properties the tool should focus on to some degree, but compromises can be made if necessary to ensure basic functionality along all these to some degree.
Delight;
The tool being easy and safe to store.
Whilst very difficult to do and only mentioned once and briefly, the safety and ease of use benefits are clear, making it a good example of a clear advantage it could have over a knife.

Critical system functionality
The critical system functions can be derived from the Use Case
The tool must be able to be stored
The tool must be able to be controlled
The tool must be able to cut
The tool must be able to dice
The tool must be able to saw
The state of the tool must be visible
The tool must be unable to cut through at least one of the common cutting board materials 
(wood plastic and glass)
The tool must be cleanable for reuse.
These can be cut down into the Verb-Noun format as
Store tool
Control tool
Cut food
Dice food
Saw food
Check tool
Restrain tool
Clean tool
Spread food (added after function analysis)
Separate ingredients (added after function analysis)

Function Analysis 1
1. Actor takes tool from storage.
2. Actor takes control of tool.
a. Grip
i. Handle
ii. Top hold 
3. Actor places the desired ingredient or foodstuff on an appropriate surface.
a. Tool is used to Cut ingredients into smaller parts
i. A clean cut can allow non-flat ingredients to be placed on the now flat edge.
ii. Cut must not go through surface being cut on and must not cause leaching from that surface.
iii. Tool being able to push or separate out cut parts
b. Tool is used to dice ingredients into smaller parts
i. Tool must not go through surface being cut on and must not cause leaching from that surface.
ii. Tool being able to push or separate out cut parts
iii. Tool requires secondary grip to do this effectively
c. Tool is used to Saw ingredients into smaller parts
i. Tool must have the traction needed to saw
ii. Tool must have the grip needed to safely control greater force
iii. Tool being able to push or separate out cut parts
d. Alternatively- Tool is used on a softer substance to spread it
i. There must be a surface to spread with
ii. Tool must be non-destructive to the greater whole of a softer material
4. Tool is cleaned, made safe and re-stored.
a. Cutting surface must be cleaned
i. Cleaning must be done via a common or standard manner and thus the tool should be waterproof and not react poorly to common dish soap.
b. Any spreading surface must be cleaned
i. Cleaning must be done via a common or standard manner and thus the tool should be waterproof and not react poorly to common dish soap.
c. Storage must not have the cutting surface easily grabbed or forgotten about.
i. Must be clear distinction between handle and cutting surface
ii. Cutting surface should be easily and safely covered.


QFD 1
A short series of tests were done on a few common kitchen knives to produce the following strength of relationships for those knives. These were used to act as a benchmark by which to the relative strength of relationships for the tool to be designed. [image: ]

The design function relationship to the requirement was also done, to then be compared to these results for a demonstration of the effectiveness of these functions as a representation of the ultimate needs of the end product.
[image: ]
From this it is clear that whilst not perfect there is a clear correlation between the results and the benchmarks produced by the test, from these I have produced rough outlines for the targets a design must meet in each of the tested sections to be viable and an ideal value where a design can demonstrate a notable improvement.
[image: ]
In this graphed form of the data, you can see the compared values for the degree to which the functions are important to meeting the requirements, notably Separate Ingredients, spread food and especially store tool have less to contribute to meeting the requirements. However, the former two certainly have enough to justify working with them whilst Store tool has a large degree of benefit as an additional property, this data however makes it clear that it is only to be pursued as long as it does not jeopardize any other function of the tool.


Concept derivation and design choices
The initial concepts for this design were;
Vibrating Knife
Heated Knife
Chainsaw
However these can come in many forms, are not mutually exclusive and do not designate other things about the tool, such as shape, handle or the presence or lack thereof of serration. As such the items being compared here will be;
Vibrating Knife 
Vibrating, heated knife
Heated Knife – Serrated
Heated Knife – Pizza Cutter
Chainsaw
And the baselines of a normal kitchen knife – serrated 
And a normal kitchen knife 
These combinations were left after removing both serrated and pizza cutter variants of Vibrating knives, due to the damage vibrations cause to joins such as that of a pizza cutting wheel and the danger of a vibrating serrated knife to a person (as mentioned in the operational requirement due to the safety risks of improper use, due to the damage a serrated knife does when uncontrolled through soft tissues and the medical difficulty its catching can cause).

Design Details
Vibrating Knife 
The vibrating knife design consists of 4 main components;
Handle - Whilst the handle could be made of multiple materials, namely plastic, in order to reduce the transfer of vibrations to the handle both because of the damage it would cause over time to the handle and because it would make controlling the tool more difficult for the actor, it will be made from a more rubbery plastic, the handle would hold the power source and vibration generation would take up all of the contact zone with the blade in order to allow vibration whilst reducing impact on the actor using the tool.
Blade – The blade can be a fairly standard one made of steel, however the contact area with the vibration generation would have to consist of a slightly more flexible metal making up the spine of the knife, in order to reduce strain on the material, this would make the blade less durable to large forces, but make it last longer with repetition of lower force use, which thanks to the vibration, should make up more of its service life.
Vibration generation - the vibration generation needs an output of 20w, based on the needs of larger commercial knives (VonShef Electric Carving Knife). This can be disabled or enable by a button on the handle, allowing for the knife to be used as a normal knife if needed.
Power source -There are three major options for power source, an external cable supplying power at a very high rate, not requiring recharge, however it would require an openable exterior port to plug in too and would make cleaning more difficult even with this. Alternatively it could use an internal battery that could be recharged between use, however the battery would wear down over time and would limit its use time between recharges, there would still need to be a port but it wouldn’t need to be as large or open, though as another consequence during storage it would need charging and thus not only take up more space but also limiting the space it can take up to more specific and typically inconvenient locations. Finally the use of standard batteries that can be removed and replaced would have a similarly easier hatch to remove by, and would take up more space, but would have much lower time between needing to be changed and would cost more in the long run. In this case, an internal battery would work, due to the ability to deactivate the vibration function when unneeded.
Vibrating, heated knife
The vibrating and heated knife has 6 important components;
Handle - similar to the unheated variant, the handle would need to reduce the transfer of vibrations, unlike the unheated variant however it would still cause significant damage to the handle and make controlling it more difficult due to the transfer of heat, a mixed plastic with wood shell however could do both, albeit at the cost of further increasing strain on the vulnerable connection between handle and blade. To help mitigate this strain the handle would extend up the back of the blade, increasing contact area to move it with and hold it by, this comes with the added benefit of making dicing with the blade heated far easier.
Blade - The blade can be a fairly standard one made of steel, however the contact area with the vibration generation would be unable to consist of a slightly more flexible metal making up the spine of the knife, due to the weakness repeated heat and cooling would produce in the already more flexible material, instead a compromise of a less flexible but much less thermally conductive material would have to be meshed with the resin protecting the carbon fibre.
Vibration generation - the vibration generation needs about 20w. This can be disabled or enable by a button on the handle, allowing for the knife to be used as a normal knife if needed, preserving battery life. 
Heating Element – the heating element needs 20 watts to reasonably bring the knife up to a temperature of 50 Celsius, this would happen over the course of 5 minutes. The heating element is connected to the handle and outputs heat towards the heat transmission and knife blade.
Heat Transmission - the heat transmission consists of a material better at conducting the needed heat to the blade edge, because of this, something that transfers heat well in one direction, but poorly in others, namely carbon fibre, is optimal,  this would however have to occur through the a gap in the vibration generation connection, and would be put under a lot of stress, likely requiring a resin buffer to ensure to carbon fibre is not damaged, which would reduce the efficiency of heat transfer to the blade.
Power source - of the three options for power source, External, Internal and Battery, External is again quickly ruled out unless absolutely necessary due to the risks of a cord, Internal again has better capacity but more complexity and both require more space and require a charging port that would need a waterproof cover to avoid problems from cleaning, Battery again provides easier storage and reduced complexity at the cost of capacity and expense, whilst being far easier to shield from water. Due to power need replaceable batteries are a necessity for prolonged use. 

Heated Knife – Serrated
The heated Knife with serrations consists of 6 key components;
Handle – Whilst the handle could be made of multiple materials, namely plastic, in order to reduce heat transfer to the handle and thus minimize the problems the heat will cause to the control of the actor, the handle will be made from wood, whilst wood varies substantially in properties the tool would use relatively cheap oak, which is sturdy, durable and is commonly used for knife handles already. For similar reasons as to the vibrating variant, to aid with dicing the handle will extend over the back side of the blade to made dicing easier with a safe hold, this should also help shore up the weakened connection between the handle and the blade caused by the storage of the battery and heating element, which will be held within the handle. As the handle doesn’t need to have special traction due to the designs similarity to normal serrated knives, it can use a similar handle to other wood-based serrated knives. (need source for material and source for the increased connection from the back grip).
Blade – the blade will connect to the handle at the back and base, at the base it will also connect to the heating element. It will house the Heat transmission. It will be a fairly standard steel for use in knives, to reduce costs.
Serrations – the serrations will connect to the blade, but not directly to the heat transmission to reduce the structural vulnerability the heat transmission creates. The serrations must be large enough to stay attached reliably but also the bigger they are the worse they will interfere with the tools ability to use the blade sides or to dice foodstuffs, because of this the serrations will be 0.25mm long and 0.5mm wide
Power source – following similar logic as to before, due to power needs and reducing cost, an internal battery is the optimal choice.
Heating Element – To reasonably bring the knife up to a temperature of 50 Celsius, the heating element requires about 20 watts for about 5 minutes. The heating element is connected to the handle and outputs heat towards the heat transmission and knife blade.
Heat transmission – the heat transmission consists of a material better at conducting the needed heat to the blade edge, because of this, something that transfers heat well in one direction, but poorly in others, namely carbon fibre, is optimal. (Thurid S. Gspann a, 2016)
Heated Knife – Pizza Cutter
Handle – The handle can be a mostly standard Pizza cutter handle, albeit made of wood, to reduce heat transfer.
Blade- The blade can be made of ceramics, that are sharp and less vulnerable to fatigue from repeated heating and cooling (KISHIMOTO, 1991), due to the size of the blade and the weakness of the connection to the handle, the blade must be heated by a separate system.
Power source - if the blade is being heated by a separate system it can be put in place as a fixture with a direct connection
Heating Element – The heat is provided by the fixture, which can double as the block to store the tool, and be turned on and off to heat up or just store, the tool, due to the smaller size of the blade, a weaker heating element outputting about 15 watts for 5 minutes is still sufficient, despite the heat capacity of ceramics.
Chainsaw
Handle – The handle should be metal, as it has to be very sturdy, due to size it can still be used with one hand, however, a second side handle should still be present to increase control, the handle should extend up to also make up the main body to hold the rest of the tool.
Power source – Due to power demands the tool will need an external connection and leading cord to be used for a sufficient period of time. (SHAH, 2021)
Teeth – Small steel teeth, about 0.5mm is sufficiently small to minimise unnecessary damage whilst still cutting through.
Chain – A steel chain connecting the teeth to the motor should go over the end of an extended handle.
Motor-  Due to needing a  quite low amount of torque to create the needed force to move the teeth to cut through most common foodstuffs, the Motor would need about 22w in power, about 1/40th that of a microwave, but would be operating over a longer period of time. (SHAH, 2021)
Design Selection


[image: ]

Here I have compared relative ability to complete Customer requirements, and whilst both the pizza cutter and especially the chainsaw design did not compare favourably to the normal knives, with the Vibrating knife design coming out on top, with the other designs all falling behind. Whilst this design is inherently slightly less safe and a fair bit less durable than a more normal equivalent, its superior cutting capability and the ability to make it into a normal, albeit less durable knife if needed, allows it to be relatively safe and widely useful.

Potential failure modes
The knife design has several weak points that make estimating its service life difficult, ultimately the failure conditions can be split between component specific problems and more general potential failure modes.
Handle Failures; Whilst wear or impact could damage the handle itself, the weaker connection between blade and handle is far more vulnerable and is the likely candidate limiting the lifespan of the knife.
Blade Failures; Blade could break or shatter due to weakening from repeated stress, fragments would be dangerous, the blade could become less effective over time due to chipping, the blade would still need to be sharpened relatively regularly.
Power Failures; battery problem, be it induced, manufacturing or wear, could lead to it needing replacement, uncontrolled discharge runs the risk of fire, or electric shocks, due to the relatively low amounts, the risk of harm is fairly low, but it would still render the knife ineffective. Due to the need to wash the knife, the internals would need to be waterproofed, but there is still the risk of leaks destroying it.
Vibration Generation Failures; beyond the normal risk of failure from wear or damage, the risk of overheating if used extensively would need to be tested, and the risk of the motor overworking itself and breaking, or disconnecting and starting to shred the inside would need to be mitigated by strong attachment, likely a shell that would also help with waterproofing, and the motor itself design.
General Failures; Manufacturing Flaws, components produced incorrectly substantially increase the chance of structural failure or short circuits that run the risk of starting fires.
The risk of dropping or putting down the knife whilst still oscillating is too high, and as such the button used to activate it must require being held down, this can still fail as a preventative measure however if the button sticks or there is a circuitry problem, be it manufacturing or induced by impact.
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