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[bookmark: _Toc165845781][bookmark: _Toc171864143][bookmark: _Toc172288049]Introduction

This assignment will look into a design and manufacture case study and a solution for it will be made using a series of established systems engineering tools. The result of the tools being used will help in overcoming some of the major design and manufacturing issues that come within the case study. The following processes will be used in order to solve the case study:
· Customer Requirements
· Pairwise Comparison of Requirements
· Required Functionality of Munition
· QFD1
· Functional Means Analysis - Munition
· QFD2
· 
· Concept Design
· Functional Decomposition
· Functional Means Analysis
· QFD2 Design
· P Diagrams
· What/Why Tables
· Manufacturing System Process
· Manufacturing Requirements
· Manufacturing QFD1 and QFD2
· Manufacturing Functional Means Analysis
· QFD3
· QFD4
Each step in the process will allow the case study to be solved as efficient as possible, reducing time trying to figure out what to do next.
[bookmark: _Toc165845783][bookmark: _Toc171864145]
[bookmark: _Toc172288050]The Case Study

This Design and manufacturing Case Study will be focused around a Generic Munitions. The Munition has lots of requirements that need to be met. Some of the Requirements are designed to enhance performance, others make the munition user friendly, some of them are safety specific and others are required in order to keep the cost at a reasonable rate. There is a lot to focus on when a munition is being created, this process will be solved within this case study. 

[bookmark: _Toc165845784][bookmark: _Toc172288051]Customer Requirements

Within systems engineering a requirement list is basically a collection of system requirements that are all in relation to a specific function of the whole system. They ultimately help in organising the requirements as well as putting them into a category that all need to be addressed during the system development process.

The munition has lots of customer requirements. These requirements cover a wide range of different areas such as Performance, Safety, Cost etc. Each requirement category has an originator which the requirement is put in place to assist. For example, the Performance category is put in place to assist the Crew/ End User which will be using the munition in its entirety. The following list will highlight the Customer Requirements that are intended for a munitions:

[bookmark: _Toc165845785]Performance –

These requirements are aimed to suit and assist the Crew/ End User of the whole munition. There are four main requirements that fall under the Performance category, they are:
The tank crew requires that the munition system shall destroy the specific target.
The tank crew requires that the system shall have consistent performance.
The tank crew requires that the systems shall be accurate.
The tank crew requires that the system should have an effective range of at least 2km.
[bookmark: _Toc165845786]User Friendly-

These requirements are aimed to suit and assist the Crew/ End User and the Logistics team. There are three main requirements that fall under the User Friendly category, they are:
The tank crew requires that the munition should be easy to easy to handle (Rate of fire 3 round per minute)
The tank crew require that the round should have easy training characteristics.
The tank crew requires that the round should be light weight.
[bookmark: _Toc165845787]Safety-

These requirements are aimed to suit everyone that comes into the whole process from design to manufacture to the use of the munition, this includes the logistics team, the main customer and the end user. There are three main requirements that fall under the Safety category, they are:
Logistics, Main customer and the tank crew require that the round is IM compliant.
Logistics, Main customer and the tank crew require the round to be resistant to environmental conditions.
Logistics, Main customer and the tank crew require that the round only functions when operationally required.

[bookmark: _Toc165845788]Availability-

These requirements are aimed to suit the main customer and in this case it is the Ministry of Defence (MoD). There is only one main requirement that falls under the Availability category, they are:
The main customer requires that the round should be available in suitable quantity for forthcoming operations.

[bookmark: _Toc165845789]Cost-

These requirements are also strictly aimed to suit the main customer, in this case the MoD. There are six main requirements that fall under the Cost category, they are:
· The main customer requires the munition to be cost effective 
· The main customer requires a minimum development time.
· The main customer requires high reliability.
· The main customer requires that the munition has a fast production cycle.
· The main customer requires the munition to have a long service life (10 years)
· The main customer requires the munition to be interoperable. 

[bookmark: _Toc165845790]Easy to Transport-

These requirements are strictly suited to assist the logistics team. There are three main requirements that fall under the Easy to Transport category, they are:
· Logistics require the munition to be transportable in bulk
· Logistics requires that the munition copes with the required temperature range
· [bookmark: _Toc165845791]Logistics require that the munition copes with the service vibration.


[bookmark: _Toc172288052]Pairwise Comparison of Requirements

[bookmark: _Toc165845792][bookmark: _Toc172288053]What is Pairwise Comparison?

Pairwise comparison is the process of utilising head-to-head pairings to compare a collection of possibilities and determine which is overall the most desired. This well-liked research technique is employed for conducting large-scale voting, guiding strategic choices, and ranking people's preferences. [1]
By conducting pairwise comparisons for all of the requirements system engineers can priorities an order of the given requirements. Having this comparison can help with allocating resources, help in making design decisions and making sure that the most important requirements are met first. Pairwise comparison is often used in AHP and QFD to help with decision making and help with prioritising requirements based on criteria such as performance, cost and other user needs.

Easy Input: Anyone can quickly and easily decide to compare two things at once, even when ranking possibilities that appear complex at first. Due to its easy-to-understand design, Pairwise Comparison surveys don't require any prior training from respondents.
Long Lists: Asking people to order a lengthy list of alternatives according to their preferences places a significant cognitive strain on them, which lowers survey completion rates and increases the submission of bad data. Pairwise comparison can be used to score as little as two alternatives or as many as hundreds in a single survey.
Numerical Results: Pairwise comparison is highly favoured by decision makers because to its ability to enhance qualitative options, such as text statements or images, with numerical data, so making them significantly more valuable for informing key decisions.
Real Decisions: Pairwise comparison forces respondents to weigh possibilities and make decisions in accordance with their individual needs or preferences, simulating how people actually make choices. The research results will also be more accurate if the data collection technique is more like how real-world individuals think and behave. 

[bookmark: _Toc165845794][bookmark: _Toc172288054]Pairwise Comparison for The Munition 

The Pairwise comparison conducted for the generic munitions had four different score ratings that could be assigned when comparing each requirement to one another to ultimately decide which requirement is the most desired by the customer. The four scores that could be assigned were:
· 1 = No Preference, Reciprocal = 1
· 2 = Slight Preference, Reciprocal = 0.5
· 5 = Preference, Reciprocal = 0.2
· [image: ]9 = Strong Preference, Reciprocal = 0.11
(Figure 1 – Pairwise Comparison of Requirements)

After conducting the pairwise comparison it was clear that the function that came out on top was “That the Tank Crew Requires that the system shall be accurate”. This is obvious and is a safety and a performance requirement. This result can be seen clearer in the graph below:
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(Figure 2 – Graph Pairwise Comparison)

The requirement that came out on top was closely followed by “The tank crew requires that the system shall have consistent performance”. Yet again this is another requirement that is a safety and performance critical requirement as the crew need to know what the munition is going to do at all times in order to keep it safe.


[bookmark: _Toc165845795][bookmark: _Toc172288055]Required Functionality

[bookmark: _Toc165845796][bookmark: _Toc172288056]What is Required Functionality?

In systems engineering, the required functionality refers to the set of functions or capabilities that a system must possess in order to fulfil its intended purpose or meet the specified requirements. This includes both primary functions as well as any secondary or supporting functions necessary for the system to operate effectively and efficiently. Defining the required functionality is a critical step in the system development process, as it guides the design, implementation, and testing phases to ensure that the final product meets the needs of its users.

[bookmark: _Toc165845797][bookmark: _Toc172288057]Required Functionality for The Munition

Below shows the required functionality list for the munition. 
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(Figure 3 – Required Functionality)
The system is always required to, provide and regulate a motive force, seal system pressure when firing, remove heat from the system, transport the motive force provider, align the initiating system, support the fins, stabilise the projectile, stabilise internal ballistic conditions, deliver terminal effect, support the booster, arm the munition, initiate effect, detect the target, initiate the booster, sequence lethal effect, identify round, defeat target, environmental seal explosive, support the explosive, support the fuze, track to target, initiate motive force provider, clear the launcher, load munition and arm weapon.
As you can see there is a large list of required functionalities expected of the system. Some of these more important than others. 

[bookmark: _Toc165845798][bookmark: _Toc172288058]QFD 1

[bookmark: _Toc165845800][bookmark: _Toc172288059]What is QFD 1?

QFD 1, in systems engineering, typically refers to the first stage or phase of the Quality Function Deployment process. During this initial phase, the focus is on gathering and understanding customer needs, requirements, and preferences. This involves techniques such as market research, customer surveys, interviews, and focus groups to identify and prioritize the key features and characteristics that customers desire in the system or product. The output of QFD 1 is often a comprehensive list of customer requirements and expectations, which serve as the basis for subsequent stages of the QFD process, where these requirements are translated into specific technical characteristics and design parameters.

[bookmark: _Toc165845801][bookmark: _Toc172288060]QFD 1 for The Munition

Below is the QFD constructed for the munition. The QFD rating are either one of four scores. They are:
· Blank = not related at all
· 1 = slightly related
· 3 = related
· 9 = very related
The QFD 1 will show how the required functions relate to the customer requirements. For example, provide motive force is very related to the fact that the tank crew require that the munitions system shall destroy the specified target. Meaning without the system providing the right amount of motive force the system shall not destroy the specified target. 


[image: cid:26bc73f8-c27b-4a13-926d-03db90a38a13@qinetiq.com]














(Figure 4 –QFD 1)
From undertaking QFD 1 it is clear that providing the motive force for the munition is the most essential function that the system needs to complete. On the other hand, Manoeuvring the munition came out as the least essential function the system has to complete. This can all be seen in the QFD 1 Functional Importance’s Graph below:
[image: cid:d255ae1c-5884-48db-bbf8-5149bd60554d]







(Figure 5 – QFD 1 Functional Importance’s Graph)
[bookmark: _Toc165845802][bookmark: _Toc172288061]Functional Means Analysis
[bookmark: _Toc165845804]

[bookmark: _Toc172288062]Functional Means Analysis for The Munition 

In order to complete the Functional Means Analysis, the functions from the QFD 1 had to be inputted into a table. All of the possible ways each function could possibly be completed were then thought of. This is shown below in (Figure 6).
[image: cid:81c1a0db-27be-4916-91ae-a6e2a8adc4d1]
(Figure 6 – Functional Means Analysis)
Once multiple different means had been identified for each function they had to be whittled down to the best ones. The yellow highlighted squares are the best ideas for that function and have the higher chance of being taken forward to the next stage of the systems engineering process.
In this case it was identified that in order to provide sufficient motive force it is best to use granular propellant in the design. This comes down too many different reasons. With granular propellant there is improved safety as it is less sensitive to shock and impact compared to traditional explosives. This therefore reduces the risk of accidental detonation during handling and transport. With granular propellant there is also a controlled burn rate. This is done by adjusting various different factors such as particle size, shape and also the chemical composition. Having this leverage allows the engineers to tailor the propellants performance to meet specific requirements.
There is also an efficient energy release as granular propellant typically has a higher energy release compared to other explosives which allows them to deliver more energy per unit volume or weight. Granular propellant is also better for the environment and is also very versatile. [2]
Another means that was identified in order to remove heat from the system was to use a brass cart case. The reason for this is because brass has a relatively high heat capacity which means it can absorb and store a significant amount of heat therefore taking it away from the system allowing it too cool down. [3] 
The rest of the highlighted means that were selected are all shown in (Figure 6).

[bookmark: _Toc172288063]QFD2 

The Level 2 QFD is used in the design phase and is used to discover which of the assemblies, sub-systems and components have the biggest impact on hitting the product design requirements and functionalities of the overall system. The information gathered from performing a Level 2 QFD is often used as a direct input to the Design Failure Mode and Effects Analysis (DFMEA) process. 
In this case a Level 2 QFD has been produced for the whole munition in order to identify which components / sub-systems of the whole system are the most important and which is the best at meeting the required functionalities. This has been undertaken by filing out an excel spreadsheet and by assigning 1 of 4 relevance ratings to each functionality/ component. With the ratings being:
· Blank – No relation at all
· 1 – little to no relation
· 3 –  related
· 9 – very related
[image: ]The Level 2 QFD for the general munition can be seen below in (Figure 1) clearly identifying the most important and essential components that meet the most required functionalities of the whole system. 
(Figure 7 – QFD2 for General Munition) [4]
After completing the QFD 2 for the Whole General Munition it is clear that the fins came out as the most important sub-system/ component that meet the largest amount of system functionalities. The fins play an integral part in the main functionality of destroying the target. Without the fins the munition will be unable to concentrate on the required target area and the main function would not be met.

[bookmark: _Toc172288064]Munition Architecture and Sub-System

The nature of the selected munition design means it has 4 distinct sub-systems with each having integral roles as parts of the whole system. They are:
· Case & Charge
· Fin Assembly
· Shell
· Fuze
In this case it is clear to identify the sub-systems however, it is important to know that in some cases it is much more difficult to identify the architecture and sub-systems. Irrespective to how the architecture is determined, what is important are the interfaces between the various sub-systems.
[image: image.png]
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(Figure 8 – Breakdown of Architecture & Sub-systems)

There is more to a system than its generic functionality. That is why it is important to break the system down into sub-systems to reveal the whole architecture. The generic system functionality is not the complete set of system functionality – a system can have functionality that is not generic and may be based on the individual sub-systems functionalities. For example:
· Solution Dependant Functionality: A particular generic function solution may require further solution specific functionality
· Legislation Dependant Functionality: Legislation Requires us to incorporate additional functionality. 
· Architectural Functionality: At the system level the collected functional solutions require further functionality typical to support, align, contain and protect.
· Emergent Functionality: Functionality aimed at managing unwanted behaviour. Usually relates to informing the user of failure situations
As a whole a system has its overall aim and function however, if the system is broken down it is unveiled that each sub-system/ piece of architecture has its own aim and function that ultimately helps in the overarching aim of the system.


 Analysis

 Analysis is a tool that uses a nxn matrix (a square matrix of order n) to record the interconnections and links between elements of a system and has various different uses. The behaviour of how a system works is driven by the interconnectivity of the elements of that whole system. Having an understanding of this is very important within systems engineering and design. 
 Analysis can help to identify the natural interconnectivity that already exists in all systems which helps in determining the most appropriate and fitting design that meets the required functionalities of the system.  Figure 3 below shows the typical  matrix that comprises 6 elements A to F where an element can be a system function or a physical entity. The elements are recorded on the leading diagonal of the matrix. [5]
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(Figure 9 -  Matrix) [5]

 Analysis has lots of different uses within Systems Engineering, some examples are:
· They are used during system design in order to analyse and uncover the natural structure that is hidden inside systems problems. The also work in combination with functional modelling tools such as Functional Flow Diagrams. They are a very simple yet powerful architecting tool used to identify the potential sub-systems and critical system elements.
·  They are also used on potential or existing systems in order to understand behaviour and to identify system weaknesses.
In this case, the 4 sub-systems can be described as their intended function within the system they are intended to undertake:
· The part that creates the gas and shoves the munition along the weapon system (The Charge and The Case)
· The part that stops it from tumbling along (The Fins)
· The part that makes it go bang (The Filling)
· The part that makes it go bang at the correct time when the user wants it too and not to early or too late (The Fuze)

In a lot of ways, all of the sub-systems are related to one another. A sub-system would not be able to fully complete its intended function without the help of another sub-system. For example, the fin assembly would not be able to work if it wasn’t for the body/case of the munition as they would have nothing to attach onto meaning the munition would start to tumble and could not reach it’s intended target position for detonation. The body/case is also heavily related to the filling inside the munition as this holds everything together allowing the filling to detonate. The charge is heavily related to the case as the charge is ignited it releases gasses which build up inside the case building the pressure in order to force the munition down the barrel. This could not happen without the relationship of these two sub-systems.
As can be clearly seen, it is impossible for a sub-system to work without the support of another sub-system. Although, every sub-system isn’t directly related to all of the other sub-systems they all individually rely on the functionality of another piece of architecture. 
This just shows it is a great advantage to understand the functionality of each piece of architecture within the system as it will help massively when creating something new in order to achieve maximum efficiency. 


[bookmark: _Toc172288066]Concept Design

After undertaking and completing QFD2 for the whole munition it was clear that the fin assembly came out on top as the most important sub-system that meets the most functionalities. Therefore, it will be taken forward to the Concept Design stage to look into further. In this section a fin assembly will be created and the pieces of architecture within that sub-system will be identified and discussed. Below is a diagram of a fin assembly design, the details of the fin assembly have been annotated on the diagram.

[image: ]Insulate Tracer

Attach Tracer


Light Tracer

Attach Fins

Stabilise Projectile X6 



Provide Coloured Light
Imparts Spin


(Figure 10 – Concept Design)

Above shown in (Figure 4) is a concept design for the fin assembly. Each main sub-system within the assembly has been highlighted and will be talked about further.

[bookmark: _Toc172288067]Component Functionality

The component functionality section will highlight all of the functionalities that each piece of architecture / sub-system is aimed to do within the fin assembly. Each piece of architecture within the fin assembly sub-system have important roles that have their own unique functionalities.

[image: ]





(Figure 11 – Fin Assembly Component Functionality)

As can been seen from (Figure 5) some of the fin assembly sub-systems have multiple functionalities. This is very important in the design stage as knowing this could change the design of one of the sub-systems in order for it to meet both functionalities. For example, the fins themselves may have to both stabilise the projectile and guide the projectile meaning a decision will need to be made to facilitate bot functionalities in the design stage.

[bookmark: _Toc172288068]Functional Means Analysis – Design

The Functional Means Analysis stage will be used to comprehend the functionalities needed in the sub- system, which in this case is the fin assembly. It entails determining the critical tasks the sub-system must complete in order to fulfil its intended purpose, as well as the methods by which these tasks are completed. 
[image: ]

(Figure 12 – FMA for The Fin Assembly Sub-system)


Within the Functional Means Analysis for the design lots of different ideas for completing the functions were identified. However, in any design process some ideas are better than others and some would be more fitting at this stage. The yellow highlighted sections show the best ideas that were identified. Having multiple good ideas for a function is always great as it enables that function to be carried out using various different means ultimately and hopefully meaning the function will be completed more efficiently. For example, for attaching the fins to the projectile it has been decided to use both a threaded fit as well as glue to give extra support to enable a tight fit in order to stop vibrations and the possibility of the fin assembly dislodging itself from the projectile body/case. As well as having a threaded fit the connection will have a stop point in order for the attachment to be as secure as possible.

[bookmark: _Toc172288069]QFD 2 – Design

The Level 2 QFD is used in the design phase and is used to discover which of the assemblies, sub-systems and components have the biggest impact on hitting the product design requirements and functionalities of the overall system. The information gathered from performing a Level 2 QFD is often used as a direct input to the Design Failure Mode and Effects Analysis (DFMEA) process. 
[image: ]In this case a Level 2 QFD has been produced for one of the sub-system of the whole munition (The Fin Assembly). This has been done in order to identify which means is best at fulfilling each functionality. 

(Figure 13 – Design QFD 2)
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(Figure 14 – Design QFD 2 – Results Graph)

After completing the Design QFD 2 for the Fin Assembly Sub-system it is clear to see that having secure fins and having the correct amount of fins will have the biggest effect on meeting the required functionalities. The fins play an integral part in the main functionality of destroying the target. Without the fins the munition will be unable to concentrate on the required target area and the main function of the whole munition system would not be met.

[bookmark: _Toc172288070]P-Diagram

Systems engineers use P-diagrams to assist in the design of robust systems, which are either end products or process functions that are not affected by noise factors. They offer a quicker and more rational method of locating possible failure modes than going line by line through functional FMEA components.

The two types of noise in Systems Engineering are:
· Chance Variants: The normal variants that are a part of life. Everything isn’t going to be all the same every time there will always be a slight variant/discrepancy each time.
· Assignable Cause Variants: Something will be done differently person to person, each person will have their own individual way of doing something even if it is minor it will affect something somewhere along the line.

In this case after coming out on top after completing the Design QFD 2, “Having Secure Fins” will be taken forward into the P-Diagram Phase. Noise Factors affecting the Secure Fins will be identified and control factors will be put in place to mitigate the effect of the noise factors.

[image: ]
(Figure 15 – P-Diagram for Having Secure Fins)

[bookmark: _Toc172288071]What/Why Table
[image: ]

(Figure 16 – What/Why Table)
[image: ]

(Figure 17 – Control Factors)
[image: ]
(Figure 18 – Noise Factors)



[bookmark: _Toc172288072]Noise Factors

Noise factors, are variables in an experiment or study that can affect the outcome but are not of primary interest. Unlike control factors, which are intentionally manipulated, noise factors are typically uncontrollable or difficult to control. These factors can introduce variability or random fluctuations into the data, making it harder to detect the true effects of the variables of interest.
[bookmark: _Toc172288073]Control Factors

Control factors, also known as control variables or independent variables, are variables that are intentionally manipulated or controlled in an experiment or study. These factors are altered or held constant to observe their effect on the dependent variable, which is the variable being measured or observed. Control factors are crucial for ensuring that any observed changes in the dependent variable can be attributed to the manipulated variables rather than external factors. In experimental design, controlling for these factors helps to isolate the effect of the variables of interest and improve the validity and reliability of the results.

[bookmark: _Toc172288074]Manufacturing Process

[bookmark: _Toc172288075]Stakeholder Map

The first step in the manufacturing process is to go out and gather all of the requirements. To help with this, completing a Stakeholder Map is a good way of getting all of the stakeholder written down so the requirements can easily be recorded. There will be lots of different stakeholders involved who will all have different requirements. It is a priority that the stakeholders are kept up to date throughout the manufacturing process and are regularly updated on any changes or if discussions are needed to be had.

[bookmark: _Toc172288076]Gemba Visits

Also, as well as completing a Stakeholder Map, a great way of gathering these requirements efficiently is to do a Gemba visit in order to pick out how people do things that will aid in the manufacturing process and to also get a first-hand understanding of the working environment. Gemba visit are very easy and a great way gathering information.


[bookmark: _Toc172288077]Manufacturing Requirements

Once all of the Manufacturing Requirements have been set out and made clear by the Stakeholders it is important to record these requirements. Whatever format of note taking is decided, it is important that these two key things are bared in mind:
· They must be easy to read and be clearly set out so the whole team can comprehend them.
· They must be easily accessible by all of the stakeholders so they are able to review them at any time.
Once all requirements have been made note of it is just as important to confirm what you have written down is correct and that all stakeholders are happy that what they have put forward is going to happen. This puts them in the correct frame of mind and shows them that you are listening to what they require. [6]

[image: ]









(Figure 19 – Manufacturing Requirements)

[bookmark: _Toc172288078]Process Flow Diagram
[image: ]

(Figure 20 – Manufacturing Process Flow Diagram)

For the Fin Assembly a Process Flow Diagram has been created. A process flow Diagram can be as simple or as complicated as possible. In this case for the Fin Assembly a simple and straight to the point Process Flow Diagram has been created to give a visual representation of the steps that will be followed throughout the Manufacturing Process.

[bookmark: _Toc172288079]Manufacturing QFD1

In the Manufacturing QFD1, the Manufacturing requirements set out by the Stakeholders will be compared against the Process steps from the Manufacturing Process Flow Diagram. 
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(Figure 21 – Manufacturing QFD1)
The Manufacturing QFD1 that has been completed and can be seen in Figure 15 above shows that ‘Obtaining Material’ came out as the most important part of the Manufacturing Process when compared to the Stakeholder Requirements. Which ultimately makes sense as a lot rides on the requirement of obtaining the material, as obtaining the correct material matters, the cost of the material matters and the availability the material can be made and supplied in also matters. Having all of these requirements from obtaining the material and meeting them is a big requirement that will take a lot to be met.

[bookmark: _Toc172288080]Process FMA

[image: ]The Process FMA for the manufacturing process for the fin assembly sub-system will show the best ways of undertaking the manufacturing steps that were laid out in the Process Diagram.

(Figure 22 – Process FMA for Manufacturing Process)

In this Case a lot of the steps that were laid out in the process flow diagram for the manufacturing process can be conducted in the same way. That can either be Extruded then CNC’d, Machined or drilled. This is appropriate for all of the steps apart from obtaining the material, which is the first step in the process. Obtaining the material will be done by Gemba visits to see the workings of the shop floor and to see the manufacturing processes. It will also be completed by having discussions with the Stakeholders to keep them informed and up to date throughout the whole manufacturing process. And finally, a lot of testing will have to be undertaken to find the most suitable material for the job.



[bookmark: _Toc172288081]QFD2 – Manufacturing

The QFD2 for manufacturing will expand on the Process FMA for the manufacturing process as it will compare both the process steps and the means of completing them to find out which way is the best to complete the process.
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(Figure 23 – Manufacturing QFD2)

After conducting the Manufacturing QFD2 the best means of completing the manufacture steps from the manufacturing process for the Fin Assembly was by Extruding it and then CNCing it.
Extruding and CNCing are very important processes within the manufacturing industry. First off Extruding a piece of metal is a forming process in which a piece of metal (Hot or Cold) is forced through a die. The metal in this case the fins will endure shear and compressive stress in order to achieve the die shape. Doing this process enables the metal who would normally have very brittle properties to be formed.
CNC stands for computer numerical control and is a method used in the manufacturing industry in order to control the precision and movement in machining tools by using pre-programmed computer software. In this case it will be used to make the fin assembly out of metal.


[bookmark: _Toc172288082]QFD3

The QFD3 will compare the Process Means against the critical features from QFD2 and the what/why table.
· Critical
· New
· Previously Troublesome
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(Figure 24 – QFD3)









[bookmark: _Toc172288083]1st Key P-Diagram

[image: ]After completing QFD3 it was clear that CNCing and Extruding were the most important means of manufacture in order to meet the process importance’s and noise factors. In order for CNCing and Extruding to take place the material has to be degreased therefore, degreasing will be taken into the second P-Diagram stage of the process.


(Figure 25 – 1st Key P-Diagram)
[bookmark: _Toc172288084]1st Key What/Why Table

After completing the P-Diagram for ‘Degreasing’ and making note of all of the nose factors and control factors that need to be put in place to mitigate these noise factors. A What/Why table can be produced to compare the noise factors against the control factors in order to see which of the control factors will be best at mitigating the noise factors that are unavoidable. 
[image: ]

(Figure 26 – 1st Key P-Diagram)










[bookmark: _Toc172288085]Key Controls and Noises
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(Figure 27 – Key Noise Factors)
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(Figure 28 – Key Controls)

After undertaking and completing the What/Why table two graphs showing the Key Noise Factors and the Key Controls were simulated to show the biggest problems within the process. Coming out on top for the Key Noise Factors was ‘Temperature’ and ‘Humidity’. These two factors can cause lots of problems to do with both human affect such as tiredness and fatigue as well as affecting the chemical side of things to do with the degreasing process. Variation in temperature can cause fatigue among workers which therefore affects quality of work and safety. As well as this, variation in temperature can affect the degreasing process as high temperature can prevent the material from being cleaned to a sufficient standard. The degreasing agent being used have optimal temperature ranges so it is important to keep them within these ranges in order for them to do their job sufficiently. [7]
If the Key Noise Factor came out as ‘Temperature’, the Key Control in order to keep on top of this is also ‘Temperature’. The temperature must be kept a reasonable level in order to prevent fatigue and chemical concentration of the degreasing agents.

[bookmark: _Toc172288086]QFD4

QFD4 is assigned to compare key noises and key controls that were gathered from completing The What/Why Table and P-Diagram. A few from each were selected 
[image: ]
After completing QFD4 it shows that ‘Operator Competence’ and ‘Operator Fatigue’ came out as the biggest noise factors. Having proper training will help with Operator Competence which is why it came out as the highest control factor. Having Regular Breaks will help with Operator Fatigue which is why Regular Breaks came out as the second highest control factor. 






[bookmark: _Toc172288087]Conclusion

All in all, Systems engineering is a great way of thinking, it simplifies the way of thinking and helps to keep every part of the process in order. Starting with the customer requirements then undertaking a pairwise comparison for the requirements to ultimately decide which ones are the priority and most important. Then to go onto the required functionality of the system so all aspects of its workings are recorded and everyone on the systems engineering team is aware on how the system works. Completing the first QFD helps to understand the customers’ requirements, preferences and needs by comparing them to the functionalities of the system to gauge a better idea of which ones are most important and which one’s work with the systems functions the best allowing them to be prioritised. Having a clear plan for each section allows everything to be easily checked once the final product has been completed, it is easy to gain access to any part of the process if each part is noted down. If mistakes are made it is easy to go back to the drawing board and find out where the process went wrong so the Systems Engineer team can go down and follow a different plan
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