


Title Page
Systems Engineering Report 
Author Stephen Deane
Date 5th May 2025
Student number:2307720



Contents
Contents	2
1	Introduction	3
2	Requirement analysis	5
3	Concept evaluation	13
4	Conclusion	16
5	References	17

Figure 1 - Work book flow screen grab	3
Figure 2 - systems engineering waterfall model	4
Figure 3 Knife block use case	5
Figure 4 - an example of the kano model	6
Figure 5 - User requirements gathering screen grab	7
Figure 6 - User requirement groupings screen grab	7
Figure 7 - Work book requirement set screen grab	7
Figure 8 - Pairwise comparison of requirements screen grab	8
Figure 9 - Pairwise comparison bar chart screen grab	8
Figure 10 - Design QFD1 screen grab	9
Figure 11 - QFD1 Functional importances screen grab	10
Figure 12 - concept one (Look at blade)	11
Figure 13 - Concept two (Built in edge point scanner)	11
Figure 14 - concept three (nail test)	12
Figure 15 - concept four (laser scanner)	12
Figure 16 -Systems Pugh matrix screen grab	13
Figure 17 - QFD2 screen grab	14
Figure 18  - important features bar graph screen grab	15
Figure 19 - Parameter Diagram screen grab	16



1. [bookmark: _Toc196992573]Introduction
This report is a demonstration of the students experience with and attempt to system engineering a household item that needs improving. The student has chosen to engineer a knife block, this was chosen due to the student finding their own knife block was lacking so features that were missing. The student wanted to look at what could be improved on a typically basic appliance. 
[image: ]The student was provided with a system engineering toolset work book to help them work out step by step what is the most important and best features to develop. This will include multiple concepts showing how different ideas can be flushed out to a full concept or scraped for a number of different reasons.  This step by step can be seen in the below figure.[bookmark: _Toc196992578]Figure 1 - Work book flow screen grab


The work book was created to help all levels of learning but for this project the student will only be completing the steps up to the parameter diagram but will complete all of the flowing steps 
· Use case 
· Pairwise comparison
· Requirement functionality
· QFD1 = Design Quality Function Deployment 
· Function Means Analysis
· Concept Design 
· QFD2

Systems engineering can be defined as [1] “Systems engineering is a relatively young discipline but evolving rapidly in the face of increasing recognition of the need for a systems approach to facilitate not only the successful engineering of complex systems but also the creative development of elegant solutions to complex problems.”
The term “system engineering” was first used by bell telephone laboratories in the early 1940’s, it was then made a more popular term by the department of defense in America at the start of World War two, but the first system engineering model was not produced till the seventies with the waterfall process model designed to help with software development activities. This can be seen below. 
[image: Waterfall Model in Software Engineering | Board Infinity]The comparison of the waterfall model and modern systems engineering can be summed up with this description [7] “Waterfall’s rigid structure can be comforting for those accustomed to it, but its inflexibility hampers the adaptability required for modern systems engineering, especially when managing rapidly evolving requirements on typical projects.” [bookmark: _Toc196992579]Figure 2 - systems engineering waterfall model



[bookmark: _Toc196992574]Requirement analysis
When starting the process of systems engineering the operator will need to gather the different requirements required this can be done by different means such as 
· Stakeholder engagement 
· Reviews of similar products via google reviews or customer feedback 
· Personal option / requirements 
· Complete a” use case”
[image: ]By completing these the student will be able break requirements down into the kano model so they can gain a better understanding of what is preferred but still knowing what is expected of the product. To help with this project the student completed a use case for a knife block this can be seen below. [bookmark: _Toc196992580]Figure 3 Knife block use case


The below figure shows the different groups that the requirements can be broken down into 
· Delighter – these are requirements expressed by the stakeholder as they are vocalized shows the need for them by the customer 
· Satisfier – these are more of a luxury requirement the stakeholder does not know they want but is a benefit 
· Indifferent – requirements that are seen as less important which added little value 
· [image: ]Basic – these requirements are the ones that are assumed / expected to feature on the product (such as law abiding safety standards). [5][bookmark: _Toc196992581]Figure 4 - an example of the kano model


Once the student has completed all their research, they can then compile a list of all requirements the below figure shows this list. However, this list is too large to try and them all, but they also need to be built apron as they are currently too generic. The student decided to break down different requirements in to blade and block, this was done to understand if there were any stand out requirements that would affect both parts of the overall product some similarities can be seen such as 
· Easy access 
· Sleek design 
· Not to bulky 
These are all design features so the student can keep that in mind as a unspoken requirement for the knife block to a reasonable size with a overall sleek design finish.




[image: ][bookmark: _Toc196992582]Figure 5 - User requirements gathering screen grab

These requirements can then be broken down into different factors that are all important to the knife block’s purpose. Then taking the kano model and all the research into consideration the student can pick out the user requirements to use and develop upon.
[image: ]
[bookmark: _Toc196992583]Figure 6 - User requirement groupings screen grab
[image: ]The first step of the work book is to take the operators requirements and fill out the requirement set tab; this can be seen below.[bookmark: _Toc196992584]Figure 7 - Work book requirement set screen grab


Once the student has the requirement set then they can fill in the pairwise comparison of requirements tab. This tab is used to work out what the operator thinks are the most important features, this is done by going down / along the matrix and questioning what is preferred and what is not as in demand. The final matrix can be seen below in figure six. 
[image: ][bookmark: _Toc196992585]Figure 8 - Pairwise comparison of requirements screen grab

[image: ]The work book also produces a bar chart for a clear view of the results, this informs the student that the most important requirement is for the knife block to have a sell sharpener with closely followed by a detector to check as and when the knives need sharpening.  This can be seen below in figure nine. [bookmark: _Toc196992586]Figure 9 - Pairwise comparison bar chart screen grab



The next set is to add the above data in to the QFD1 (Quality function deployment) tab along with the “Required functionality” this is the steps on how to operate a self sharpening knife block /the knives. 
1. Approach the knife block
2. Select appropriate knife (Iterative approach)
3. Check knife is sharp
4. Take knife out
5. Use for preparation needs
6. Clean the knife
7. return to knife block
8. system will check if knife needs sharpening
9. If required, sharpen the knife
When completing the required functionality, the student got a peer to detail their step by step on how they would use the knife block and the point in red detail the steps that they missed when the student completed the use case.
To help understand the QFD process the student looked for a simple definition and the university of Cambridge sums it up as “QFD is a tool to help structure product planning and design and aims to ensure that customer needs are focused on throughout a project from concept design through to manufacture.” [2] This just explains that the whole point is to keep the customers / stakeholders’ requirements a key focus and the end product is a is desirable. 
[image: ]Now knowing this the student completed the QFD1 section in the work book. This is done by rating how important each step of the basic flow is to each requirement, not every requirement will have a relationship with each of the flow step. when there was an important connection, they were rated one for this function had a slight impact on the requirement, three had a more of a impact than one but could still be developed and then nine had a significant impact on the requirement for a clear view of how important the step was. This can be seen below in figure ten. [bookmark: _Toc196992587]Figure 10 - Design QFD1 screen grab



The work book will then produce the QFD 1 functional importances graph easily display the resulting data from the QFD1 matrix. This can be seen below in figure nine. This shows that the most important function is that the block can ensure that the knives are sharp. This out come does go hand in hand with the driving force of this project to design a knife block that self sharpens. Based off this outcome 4 different concepts were put together by the student with most things staying the same with the function of how the knife block would check the sharpness changing. 
[image: ]
[bookmark: _Toc196992588]Figure 11 - QFD1 Functional importances screen grab
All of the concepts have the same base profile with basic process being the operator will simply pick the knife up, use it for food preparation then slide the knife block back in to the block. Some more unique features that would be a built in fibre cloth to help clean away metal shaving before use. Having the base functions being the same the student can easily compare the way the knives would be sharpness checked. The four concepts can be seen below.
[image: ]Look at blade [bookmark: _Toc196992589]Figure 12 - concept one (Look at blade)

Concept one details that the operator would take the knife out of the block to look at the edge, this test being very cheap bringing as good price point to the final design as no technology involved leaves a lot to be desired as this realise on the operator to have sufficient training to know how sharp as knife is just by looking at it. Even with a lot of experience this is still very ineffective as just looking at the blade there is no physical evidence to say that it is fit for purpose. 
[image: ]Built in edge point scanner 
The second concept uses a built-in edge point scanner this is also known as 3D scanning. This would be a much more precise measure ensuring that the blades will only be sharpened when it is needed instead of every time the knife is placed in to the block, this does draw a few negatives thought as it will be considerably more expensive to have built in features but will also require extra features to indicate that the system has completed the checked that blade is sharp enough. This can include a green / red light indicator system or a built in screen that can give the operator specific details about how sharp the blades are with information if the knife is sharp enough to use but could do with a extra sharpening to preform to the best of its abilities. With the scanner and extra features this could cause a much higher price point and edit the end design making it not so sleek designed. [bookmark: _Toc196992590]Figure 13 - Concept two (Built in edge point scanner)

Nail test 
[image: ]
[bookmark: _Toc196992591]Figure 14 - concept three (nail test)
the third concept involves the nail test. This test would have the operator gently tap the knife on a finger or thumb nail, if the blade is sharp it will catch on the nail and if the blade is dull then it will slide away. This test can be done all along the blade to test for any dull spots, this is once again a very cheap test as requires no technology but does bring a very high chance of any operator causing damage or injury to themselves, this could be avoided with the inclusion of a training video on how this can be safely done but this then increase costs and still leaves a higher risk of injury. 
Laser scanner 
[image: ]
[bookmark: _Toc196992592]Figure 15 - concept four (laser scanner)
The fourth and final concept is for a laser scanner, this would be the most precious ensuring the blades are scanned as they are taken out or placed back in making sure the operator was given the most up to date details about the blades with advice on what they each need. This design being very close to concept 2 would need extra features to help improve the knives block full capability. 
[bookmark: _Toc196992575]Concept evaluation 
[image: ]Once all the concepts have been finalized, they are then placed in to the Pugh matrix also know as the “Decision matrix”. The Pugh matrix is a important step in systems engineering as it [3] “is a criteria-based decision matrix which uses criteria scoring to determine which of several potential solutions or alternatives should be selected.”. this definition sums up that this is a critical step help the operator using it what decision they want to go forward with weather that is a clear winner from the matrix or a combination of two desirable options. The student completed a Pugh matrix for this project and the results can be seen below.[bookmark: _Toc196992593]Figure 16 -Systems Pugh matrix screen grab

As seen in figure sixteen the Pugh matrix has the four different concepts along the top with the customer requirements down the left hand side. To make sure there was range on the scores the ratings were set from minus five to positive five. The score was based upon how much it meets the needs of each requirement for all numbers used the logic is as follows 
· Five the best fit the requirement.
· One was a good fit but could be developed to better meet the requirements.
· Zero was used for indifference, does not actively benefit nor hinder the over all product.
· Minus one was not the worst but did not need too much improving.
· Minus five was the worst fit for the overall product needs a lot of work. 
To show the logic of the scoring when the student was using the Pugh matrix it can be seen for the requirement “detector for when blades need sharpening” concepts one and three received minus one score as these involve the operator to assess the blade leaving a lot more precious to be desired. Where as concepts two and four both have a type of scanner which would easily detect any problems with the blade’s sharpness, so both were scored a five out of five. Another example would be for the requirement “knife block to be a sleek and compact design” both one and three received a score of one as no built in technology is required to check the blades sharpness so allows the block to have a more compact design, were as concepts two and four would both require a bulker design to give space for the scanner and room to freely scan the blades. 
The overall results of the knife block Pugh matrix shows the student that concept two was the highest scoring with forty points meaning this would be the best concepts to follow through as it delivers most on a wide set of requirements. Concept four was second place giving some desirable features but needed more improvement and then joint third and fourth was concepts one and three as they did not really fit the overall functionally of the self sharpening knife block. The matrix can now be used to find the best design for the customer by looking at what the other concepts did better and potentially applying it to this one. 
After the Pugh matrix has been completed the student will fill out QFD2. The best definitions of QFD2 is [4] “QFD2 matrix is a used during the Design Development Phase. Using the Level 2 QFD, the team can discover which of the assemblies, systems, sub-systems and components have the most impact on meeting the product design requirements and identify key design characteristics”. For this project the student filled out a QFD2 so that they could really understand the key functions this can be seen below in figure seventeen.
[image: ]
[bookmark: _Toc196992594]Figure 17 - QFD2 screen grab


Just like QFD1 this matrix is also scored using one, three and nine. An example of how functions are affected differently depending on the different design features such as “select appropriate knife” having a very visible colour coding system, a score of nine will make it easy for the operator to pick the right blade for the job at hand but reading the recipe will give some understanding but as the operator is unable to see the blade they will not know which knife is the right one. Completing the QFD2 matrix then provides a feature importance bar graph so that it is clear to see the most important features. This can be seen below. 
[image: ]From figure twelve it can be seen that both the laser scanner and edge point scanner were the top ranking features as this would make it so the block can always scan then sharpen if required, whereas operator dependent features were less important leaning more to a over all product that is fully automated or at least has built in features causing lest amount of inconvenience. This data is then helpful to know what a higher priority is to add in but then there are back up features if it is not feasible to include more complex ideas. [bookmark: _Toc196992595]Figure 18  - important features bar graph screen grab

Once QFD2 has been completed the next step the student took was to complete a parameter diagram also known as a P- diagram. This can be defined as [6] “P-diagrams are used to design robust systems, which are either products or process functions that are insensitive to the presence of noise factors. P-diagrams were first used in electronics design to understand signal-to-noise ratios. They provide a faster, more logical way to identify potential failure modes than moving down through functional FMEA (stands for Failure Modes and Effects Analysis) items line by line.” The students P – diagram can be seen below. 



[image: ]Looking at figure nineteen the parameter diagram can be broken down in to six different sets of factors. To start is the signal factors these are things that need to be done for the knifes / block to be used, such as approach the knife block select knife and use. The next set of outputs are what the operator and customer require the knife block capable to do such as a self sharpening the blades. The top row are all classed as noise factors these can be referred to as failures the system could face depending on different factors [bookmark: _Toc196992596]Figure 19 - Parameter Diagram screen grab

· External (can be classed as environment) this is anything around the knife block that could cause faults such as spills affecting electrical components or the external power source depleting.
· Unit to unit factors are faults that might affect one knife block, but another would be working perfectly fine these can be things damaged electrical wires or components and damaged blades.
· The set of factors are deterioration, this is when different parts might break down over time hindering the one hundred percent efficient. Examples of this would be blades being over sharpened then wearing out or the block being damaged as knives are pulled out and placed back in. 
The last set of factors are for the control factors this could be described as the up keep what needs to be done to the product so that it does not stop being effective, examples of this are having swappable blades as older blades that are over sharpened can lead to cracking or making sure that the knives are cleaned after every use so that the block is not contaminated (food scraps could block or damage scanning components.
[bookmark: _Toc196992576]Conclusion
From this all the steps in this report the student has gained a good understanding the workings of systems engineering. Starting the process by doing market research, along with customer and stakeholder engagement the student could understand what requirements were needed. These ideas could then be developed using the work book to create the list of functions along with subsystems, the work book really helps the student easily break down how this is done by filling out QFD1 comparing requirements with the functions the student can understand what are more important features to the customer. The work book then leads the student to functional means analysis and concepts design allowing for a greater understanding of how it is ok to throw out any idea but then have the ability to narrow down what would actually work fitting in with the product in a suitable manner. QFD2 starts to end the process get the student to to compare the importance of functions to functional means to establish what is the best concept to follow and finales. the student found the more interesting part of the process filling in the parameter diagram gaining knowledge of how to prepare for a multitude of faults that could occur.
The student believes that from this process he will be able to develop process in his work place, actually understanding tools and techniques he can use to make explosive trails safer, more efficient with overall higher satisfaction from all staff. The student also now feels more confident to offer help to other stakeholders in the business to benefit the wide crowd. 
[bookmark: _Toc196992577]References 
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Use Case for Knife block

Use Case: A clear verb/noun or actor/verb/noun that communicates the scope of the use Case
Use case for knife block

Author S Deane [issue -1 | Reviewed [ Date 03/04/2025

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

Any adult / teen who has been shown how to use a knife in a safe manager
Chefs.
Sales people

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

Space on counter top to store
Person can use knife
Power source

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

Basic Flow:- The set of steps the actors take to accomplish the goal of the Use Case. A clear

description of what the system does in response to each user action.
1. Approach the knife block

Select appropriate knife (Iterative approach)

Check knife is sharp

Take knife out

Use for preparation needs

Clean the knife

return to knife block

system will check if knife needs sharpening

f required, sharpen the knife

CmNpmEwn

10.

Alternative Flow: - Captures alternative user/system interactions, such as what happens if data is
entered incorrectly.
If knife is put in wrong slot it will not allow the blade to fully entre slot

Exception Flow: - The things that can happen to prevent the user from reaching their goal.
Knife block has no power source
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