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[bookmark: _Toc152143022][bookmark: _Toc196816543]Section one – Introduction to systems engineering
Systems engineering is a way of designing a system through a multistage process using a holistic approach used to understand the whole picture and identify any issues earlier on in the process before a system is built. The function of systems engineering is to guide the engineering and development of complex systems. The definition of a system is “a set of interrelated components working together toward some common objective” [1]. Systems engineering and thinking is constantly changing due to the continuous development and progress in technology. Most of systems engineering is the change made after learning from past issues, however due to technology rapidly changing there are many new systems which introduce unknowns into systems that can become problematic over time [2]. Systems engineering and thinking allows for an in depth look at the full process of a system for example how the system will be used and what it will be used for. This is to ensure the system performs as the customer expects and reduces the risk of accidents and incidents. It also allows the engineer to gain an understanding of the requirements from a system and allows the engineer to work alongside the customer to find better and safer ways of completing a system that still fits the customers wants and needs.
[image: SLS v Saturn V: How NASA's new rocket compares to Neil Armstrong's launch  vehicle | Daily Mail Online]An example of how systems engineering has changed and developed is in aerospace engineering for example the increase in technology has allowed companies to test concepts against customer requirements through simulations. This reduces the risk of accidents and failures when testing the built system. This also allows for the system to be modified and changed if there are any problems during simulation providing the customer with options and solutions before the system is fully manufactured [3], which allows for a safer and cost-effective process. A real-world example of this is the apollo space program, which aimed to land the first man on the moon. Systems engineers were responsible for the integration of multiple subsystems such as the lunar module, Saturn v rocket and the ground support systems. The requirements were continuously monitored, and changes were constantly made as challenges emerged. A huge part of systems engineering is the testing of a system for example rigorous tests were completed such as simulation testing, hardware testing and mission rehearsals. Another role of the systems engineer for the apollo program was to communicate between the various teams involved in the program to reach a common goal [4].[bookmark: _Toc196816467]Figure 1- changes to the launch vehicle [5]

 







Although no particular date can be associated with systems engineering it was believed to have been used to create the pyramids and may have even been used beforehand for example the bible records that Noah’s Ark was built to a system specification [6]. However, the term systems engineering dates back to the 1940’s at bell telephone laboratories and was applied during WWII to analyse the RAF fighter command C2 system, which was crucial to the United Kingdom’s prevailing in the battle of Britain that took place in 1940 [7]. The first attempt to teach systems engineering came about in 1950 by Mr. Gilman the director of systems engineering at Bell. Systems engineering was defined as a function with five phases. These phases were systems studies or program planning, exploratory planning which included problem definition, systems synthesis, systems analysis, selecting the best system and communicating results, development planning which repeated phase two with more detail, studies during development which included the development of parts of the system and the testing of these parts and current engineering which took place whilst the system was operational and being refined [8]. Systems engineering was largely used during the Cold war as military requirements continued to drive the growth of technology in jet propulsion, control systems and materials [6]. 
For this assignment systems engineering and thinking will be used to create a gaming style chair that contains a mechanical system capable of pouring draft beer whilst the customer plays various games such as playing cards, board games and video games, eliminating the need to pause the game to get a drink. 
[bookmark: _Toc152143023][bookmark: _Toc196816544]Section Two – Design case
This section of the assignment looks into the design of the gaming chair using systems engineering and principles by looking at the customer requirements, completing a pairwise comparison and completing a functional analysis. 
[bookmark: _Toc196816545]Customer requirements
[image: ]The main requirement for the customer is to have a gaming chair that allows them to sit and play the desired game without having to put the game on hold to get a drink. By gaining and understanding of the customer requirements the design can be modified and created specifically to the needs of the customer. The main boundary of this system is the manual input of the operator using the system and the output is the perfectly poured pint that is chilled to the correct temperature. The main stake holder will be the user of the chair whilst gaming however other stake holders could be the family and friends of the operator that will use the chair or the general public that may purchase the chair. [bookmark: _Toc196816468]Figure 2- customer requirements from workbook.

The figure above shows the key requirements from the customer. This helps detail which subsystems will be necessary when completing this product. this is important as the designer can use this to understand how the system will work and identify any issues early on. Level one shows the sections that will be considered when designing the system for example how will it perform and will it be user friendly. Level two breaks down the exact requirements of the customer under each section for example the user requires that the chair perform as expected producing a draft beer from a keg or that the chair will be user friendly therefore easily cleaned. And the requirement type shows whether the requirement is a non-functional system or a function system. 




[image: ]Pairwise comparison[bookmark: _Toc196816469]Figure 3- pairwise comparison from workbook

A pairwise comparison is completed after the requirements have been gathered in order to compare the requirements against the other requirements in order to gain an understanding of what requirement is most desired. This is done using a 1-9 scale with 9 meaning that requirement is strongly preferred and 1 meaning no preference the reciprocal number is then places in the box of the requirement you least prefer this will then allow for a row product which details the most significant requirement. 
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[bookmark: _Toc196816470]Figure 4- comparing which requirement is preferred most.


After completing the pairwise comparison the row product then creates the bar graph seen in figure 4 which shows the most desired requirement compared for example how easily the chair is cleaned to the other requirements, this allows for the designer to focus more on these areas and allows for a system to be designed with greater detail when designing the system with these requirements. Figure 4 also shows the least desired requirement for example the manoeuvrability of the chair this means that during the design and testing phase this requirement can be adapted if any issues emerge especially if it has an effect on the other more desired requirements. 
[bookmark: _Toc196816547]Functional analysis
[image: ]Functional analysis is vital to ensure how each subsystem will interact with each other in order to create the gaming chair system. Functional analysis is a detailed step by step guide on how the chair system operates containing each of the requirements. [bookmark: _Toc196816471]Figure 5- functional analysis table















Figure 5 shows each required individual function that makes up the chair system for example putting a phone on charge or a glass under the beer tap. To ensure that the requirements are met a behavioral observation must be done this is why some of the functions are in red text, this is to highlight any functions that may have been overlooked in the design or use stage. 





[bookmark: _Toc196816548]Section Three – QFD 1
Quality functional deployment 1 is used to measure the customers’ requirements against the functions. This is to ensure each requirement is met by the functions and determine which function is most important for meeting certain requirements. By completing QFD 1 any requirements not met by functions will be identified and a function can be added to meet the requirement. QFD 1 places the emphasis on the wants and needs of the customer, not what the company may believe the customer wants [9]. 
[image: ]
[bookmark: _Toc196816472]Figure 6- QFD 1
The table above shows that the requirements have been listed on the side of the table and the functions across the top of the table. These were then compared using a 1 having no relationship or a weak relationship, 3 having a medium relationship and 9 showing a direct link between the function and requirement. for example, a 9 would be the requirement being the user requires there to be a phone charger and the function being put phone on charge as there is a direct link. An example of a score of 3 would be the requirement being the user requires the chair to be simple to operate and the function being sit in the chair as there is a slight but not direct link between the two. An example of a score of 1 would be a requirement of the user requires the drink to be chilled and the function being put phone on charge as there is no correlation between the two. 
[image: ]






[bookmark: _Toc196816473]Figure 7- QFD 1 functional importance


Figure 7 is a bar graph showing the overall data from QFD 1. This clearly shows which functions are the most important. As seen in figure 7 the most important functions are allowing machine to clean the lines and open fridge and replace empty keg. The reason why QFD 1 is so important as it highlights key functions that the designer may overlook due to them being simple function for example open fridge and replace keg is a simple function that is key to the system.

[bookmark: _Toc196816549]Functional metrics
The functional metrics spread sheet details the different ways each of the requirements can be tested to ensure they are meeting the customer’s needs. This is an important process as it allows for testing to be done for each requirement to highlight any issues within the system that can be amended during the process. Each test is rated 1-9 depending on the relationship with the requirement for example 1 being a weak relationship, 3 being a medium relationship and 9 being directly linked to the requirement. The total for each test is then totalled showed which test is most important. 

[image: ]
[bookmark: _Toc196816474]Figure 8- functional metrics table
Figure 8 shows how the requirements are compared to the various ways of testing. As seen in figure 8 the most important test scoring a total of 300 was how easy the system is to operate as this had a direct relationship between how easy the chair was to move, it also tested how easy the system was to operate and how easy it is accessed in order to change the kegs. Due to the tests being relatively specific to each individual requirement there are many tests rated as a 1 showing no relationship to the test. The test that scored the lowest at 141 was the beer line test as this is only specific to the beer subsystem compared to the rest of the subsystem requirements. 

[bookmark: _Toc196816550]Functional means analysis
For the functional means analysis, the functions are written down the left side of a spread sheet and the means in a table format on the right. The means section shows the various ways the certain function will be carried out.  The means of a function can range from simple to complex thereby completing this table it allows for all options to be identified and discussed with the customer in order to create a system that suits everyone’s needs. 
[image: ]













[bookmark: _Toc196816475]Figure 9- functional means analysis

[image: ][bookmark: _Toc196816476]Figure 10- functional means colour key






Figure 9 shows the function means table detailing each of the functions for the beer chair and the means of completing this function. The means highlighted yellow show a simple way of performing that function for example the function being to move the chair and the means of completing that function being wheel the chair which is simply done. The green highlighted means show a more complex way of completing that function, an example of this is the function being turn on the chair and the means being through motion sensors, this is a far more complex way of completing that function compared to something simple like an input through a button. 
Using a function means analysis allows for all the options to be considered when designing the concepts for the system. The options can then be chosen to best suit the customer’s needs, budget and time frame for example choosing to use one of the means highlighted in green make the system more complex which can take a longer time and will cost more money than choosing a yellow option. 
[bookmark: _Toc196816551]Concept design
After completing the functional means analysis concepts for the design can be created these will then be compared against each other in a Pugh matrix to decide the best concept. These concepts will also be discussed with the customer to identify the best concept. 

[bookmark: _Toc196816552]Concept one- motorized beer chair
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[bookmark: _Toc196816477]Figure 11- concept one- motorized beer chair
Figure 11 shows the first concept created a motorized beer chair using some of the more advanced green means within the chair system for example motorized movement to move the chair, whilst also having a large amount of more simple means for the functions such as a manual input to turn off the chair. This chair will take a medium amount of time to be produced due to the complex means and will cost more than concept three however will be cheaper to produce than concept two. This chair system will also be less simple to use than concept three’s system which could have an effect on the customers requirement for it to be simple to use. 

[bookmark: _Toc196816553]Concept two- high tech beer chair
[image: ]
[bookmark: _Toc196816478]Figure 12- concept two- high tech beer chair
Figure 12 shows the second concept which is a high technology beer chair system which uses a lot more of the advanced green means of completing the required functions such as motion sensors to turn on and off the chair or a scanning system which chooses the drink to pour based off of the glass. This chair will be the most expensive and time-consuming chair to create out of the three concepts. This chair system is also a lot more complex to use which could also go against the customers’ requirements for a simple to use chair. 




[bookmark: _Toc196816554]Concept three- non motorized beer chair
[image: ]
[bookmark: _Toc196816479]Figure 13- concept three- non-motorized beer chair
Figure 13 shows the third concept which is a non-motorized beer chair which uses only the simplest yellow means of creating a function an example of this could be by using a lever to recline the chair compared to concept one and twos motorized system for reclining the chair. This chair will be the simplest to operate and will be the cheapest and quickest to manufacture. 
Although this concept is the simplest that does mean the quality may not be as expected therefore by working with the customer adaptations to the concepts can be made so a middle ground can be met. 






[bookmark: _Toc196816555]The Pugh matrix
[image: ]The systems Pugh or more known as the Pugh matrix is a criteria-based matrix used to compare and evaluate multiple design options against a set of criteria. The Pugh matrix is used often due to its decision making and its ability to identify multiple solutions [10]. 
[bookmark: _Toc196816480]Figure 14- The Pugh matrix
As seen in figure 14 the customer requirements are written down the left side of the table with each of the concepts written across the top. The concepts were then rated 0-2 based on whether that requirement is met by the concept and how well it is met; with 0 being the requirement is not met by that specific concept, 1 meaning that the requirement is met but there are improvements and 2 being that the requirement is fully met by that concept. An example of this is that the customer requires the chair to be easy to operate therefore the basic wooden chair and the non-motorized chair ranked the highest with a 2 as they are the most basic concepts, the motorized chair being ranked with a 1 as it is fairly simple to operate, and the high-tech chair being ranked with a 0 as it is the most complex concept. The scores were then totalled at the bottom with the motorized beer chair and the non-motorized beer chair being ranked highest with a score of 85, the high-tech chair came 3rd with a score of 75 with the wooden chair coming 4th scoring 25 with the requirements hardly met.  This shows which concepts were the best allowing the engineer and customer to work together to choose a concept to develop based on other variables such as the time taken to build and the cost of manufacturing. The Pugh matrix also shows that there are multiple functions that can be used to achieve the best results therefore the customer can choose functions from either concept depending on the customers preferences. 


[bookmark: _Toc152143029][bookmark: _Toc196816556]Section Four – QFD 2
[image: ]Quality function deployment 2 is used during the design development stage, this is so the design team can discover which of the subsystems, systems, components and assemblies have the most impact on meeting the product design requirements [9]. This is done through comparing the functions of the chair system to the means in a table format. [bookmark: _Toc196816481]Figure 15- QFD 2

Figure 15 shows how the functions for the beer chair are compared to certain means, allowing for a greater understanding of what means best suits what function. The camparison is done by scoring each means 1 to 9 with 1 meaning a slight impact an example of this could be the wireless charging pad compared to turning the chair on as this will turn the charging pad on however doesn’t have a direct link, 3 being a medium impact for example selecting the drink of choice and ensuring the keg has enough liquid in it as the ammount of liquid doesn’t fully effect what drink is chosen however does have an effect when the drink is poured and 9 being a large impact for example to move the chair the customer will have to wheel the chair to the desired place. By doing QFD 2 the designer can incorporate these designs during manufacturing. 
[image: ]
[bookmark: _Toc196816482]Figure 16- feature importance chart for QFD 2









Figure 16 shows the final scores of each means when compared to the desired functions. This is shown with a total score. As shown by figure 16 the means with the highest importance was manual input from buttons powered by a battery scoring a total of 841 whereas the least important means were wipe down with 188 points as this only has relevance to the cleaning of the chair and manually attach cleaner with 188 as this only has relevance to cleaning the beer lines. Even though these means didn’t score high they are still needed as part of the system. 
[bookmark: _Toc152143033][bookmark: _Toc196816557]Section Five – Prime P diagram 
[image: ]A parameter diagram shows the inputs or signal factors that must pass through a system to produce the desired functional outputs through identifying potential noise factors that will affect the output of a system. The P-diagram provides a faster more logical way to identify potential failure modes than moving through functional FMEA items line by line [11]. FMEA stands for failure mode and effects analysis and is a step-by-step approach to identify possible failures in a design, manufacturing or assembly process, product or service [12].[bookmark: _Toc196816483]Figure 17- Parameter Diagram

Figure 17 starts off by showing the signal factors that go into the beer gaming chair system for example turning on the chair, reclining the chair and selecting a drink it then goes on to show the outputs from the chair which are a relaxing gaming chair that charges phones and controllers and pours draft beer from kegs. The P diagram also shows the noise factors externally, unit to unit and deterioration and also shows the control factors. 
For this system some examples of external noise factors are a dead battery as the chair requires battery power to power on it also states how if the kegs aren’t ordered or delivered then there won’t be any draft beer. 
Examples of unit to unit noise factores are variation in the temperature of the beer this could be due to the cooling from the fridge or how long the kegs have been left to cool. Another example of unit to unit noise factors could be how often the lines are cleaned as this will have an affect on the standard of draft beer poured, the taste of the beer or how cool the beer is. 
Some examples of noise factors in terms of deterioration are the charging ports as they could become damaged depending on how often they are used leading to them needing to be replaced over time. Another example of deterioration noise factors is the chair material as over a period of time the material may become worn or tear. 
Lastly the P-diagram looks at the control factors within the chair system, examples of this could be the Temperature of the fridge as this will need to be monitored to ensure the beer isn’t overly cold or warm. Another example of a control factor is how often the battery is replaced as this could lead to further issues with certain parts of the chair not working as expected. 
Section Six – Conclusion 

During this report systems engineering tools have been used throughout to create a gaming style chair capable of pouring draft beer from kegs. This was done by gaining an understanding of the customers’ needs and requirements and then developing on these to create functions and subsystems capable of meeting these requirements. This report also looked deeper into the requirements and functions through QFD 1 which compared each function to the requirements putting emphasis on what the customer actually requires compared to what the company believed the customer required [9]. This then led into QFD 2 where the functions were defined and compared against certain means of completing the specific functions. 
Overall, the systems engineering techniques and tools allowed for the gaming chair system to be designed to each of the specific customer requirements, taking an in depth look at the noise factors and how a system can be developed within each stage of the process. This was done by working with the customer at each systems engineering stage to reach the common goal of the gaming chair that met everyone’s needs. These are transferrable skills that can be implemented into the trials fielding team to design new trials and further develop trials by reviewing the functional aspects of the trials to further meet the customers requirements. 
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