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[bookmark: _Toc197321745]Introduction 
In this report, a brief of creating a new product or one to improve a current item/s on the market, was given. The student has decided to create a product for everyday use by the wider majority of the public. The issue raised and being solved is the problem of a pen drying out mid-usage despite there being sufficient ink. The approach taken towards this new improvement / product is one that was thought using a systems engineering mindset and framework. The product designed is one that is a small handheld push pump. The way systems engineering will be used, is one of the design process and all the steps leading up to the manufacturing process. This will include concept generation as well as gathering requirements from consumers and analysing said requirements in order to depict which ones are more important than the other. The aim for this product is to completely eradicate the need to dispose of ballpoint pens that work but have encountered a specific fault that temporarily blocks the user from being able to use them for the time they are intended to be used. These designs will be shown and then each analysed later in this report.

[bookmark: _Toc197321746]Understanding of Systems Engineering 
Systems Engineering (SE) is more a way of thinking as opposed to a physical way of engineering. “Make the right thing and then make the thing right.” – Dave Holley. This quote means that the first design steps are crucial. ‘Make the right thing’ conveys that all aspects of the requirements as well as all potential failure modes and potential problems, should be created, analysed, assessed and solved correctly first. This helps further down the line as there will be less complaints, less returns and less refunds as well as a substantial and formidable design. ‘and then make the thing right’ shows that the actual production is the least important part in a systems engineering discipline as all the previous thinking and designing would make sure that everything is correct and meets all the needs and requirements. Systems engineering uses a holistic approach. This means taking the main bulk and splitting it up into smaller segments that make up the entire product. Systems engineering will take one system, e.g. a tank, and split it up into separate smaller systems, such as the driving system which goes further into the directional system as well as the tracks/wheels system. This approach can get extremely in depth and the further it goes, the more advanced and reliable each system becomes. As each system is taken apart further and further down, the engineers have a higher chance of perfecting every single component involved, and it all builds back up into a reliable and worthy final whole system. Creating something using this discipline allows for a reduced production cost and therefore a lower price for the consumer as well as it having reduced maintenance costs because of it being reliable [1]. This way of designing is ever-changing and adapting to adjust itself alongside the improvements in technology and other products and services. As one service improves, e.g. machinery to make a certain thing, the systems engineering process will change due to it now being potentially quicker and more economical and therefore becoming a front runner in the manufacturing process. Another example would be a new metal alloy is discovered and has the potential of improving a product drastically, meaning a systems engineer would have to go through multiple rounds of initial testing to see if it is the right fit and then work it into their design. These new advancements and improvements can cause issue due to a risk of the unknown problems and risks as they haven’t been tested enough. 
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[bookmark: _Toc197279999][bookmark: _Toc197321972]Figure 1
‘Figure 1’ shows the evolution of the pen up until the ballpoint pen and this constant evolution is caused by the discovering of new materials, design processes as well as more advanced ideas and concepts. 

[bookmark: _Toc197321747]Description of Issue and Context 
The issue, as mentioned previously, is when a ballpoint pen clearly has sufficient ink inside the cartridge however the ink is not transferring onto the ball and therefore not coming out on the paper. The pen is either then thrown in the bin or left on the side for the ink to dry out even further. The student had this issue many times and asked people in their place of work. Out of the 34 people asked, 27 of them have had the same issue. That is a staggering result of 79%. This issue can be caused by a number of reasons such as a failure with the roller itself, it being too tight up against the mechanism and not letting ink through or dirt being lodged inside and not allowing the ball to roll. Another failure could be the layer of ink closest to the roller has dried up slightly and isn’t letting the ink above it, pass through. Research shows there isn’t another product currently offering a solution like this, on the market today. 
Systems engineering will see this failure as an example of component-level failure compromising the systems’ performance. All sub-subsystems within a ballpoint pen such as the ink hold, ballpoint, and surrounding encasing, the ink delivery mechanism must all work together as a complete system. The engineers would have to take into account failure modes including environmental exposure, poor material selection (e.g., cheap ball bearings or a difference in the inks’ thickness). The fact this is a common problem amongst the wider consumer, shows a lack of a self-recovery system within the design. There is potential for the self-recovery system mentioned before, especially one specific to the problem the student has identified. A system designed to re-moisten the ink or one to keep the ink moving around permanently would get rid of the issue has the ink wouldn’t have a chance to settle in one place and dry up and block further ink from getting delivered to the rollerball.

[bookmark: _Toc197321748]Requirements Gathering 
As mentioned above, the student created a survey that took place in their place of work, and it asked the questions; “Has your ballpoint pen ever run out despite there clearly being enough ink?”; and “Would you (have) throw(n) the pen out after?” These two questions were all answered and understood by 34 people in total. For the initial question, 27 responded with ‘Yes’ and for the latter question, 20 of those responded with ‘Yes’, 5 with ‘Other’ and 2 responded with ‘No.’ This small survey has confirmed to the student that this is a genuine and common problem amongst others. Other customer requirements were noted as the last question on the survey was, “What other things do you, as the consumer/user, require from this product?” All 34 participants responded with a total of 7 requirements. [image: ]
[bookmark: _Toc197321973]Figure 2
As seen in ‘Figure 2’, the 7 requirements have been split into 2 sections. The first four requirements are performance-based and the latter three are dependent on user-friendliness. Level 1 breaks down the requirements into those two sections. Level 2 expands onto the exact requirements the consumer has given feedback on. This shows the designers what sub-systems they need to focus more on in the process of designing. Level 3 shows whether it is a non-functional system or a functional system. 
As it can be seen from ‘Figure 2’, the requirements are mainly functional system based. This shows that the consumer is more focused on how the product performs based with its capabilities rather than the cost or reliability for example. 
The main requirement with 22 responses from the survey was “Consumer requires the product to work on faulty pens.” This works in the students’ favour as that is the main aim of the end product is to eradicate the majority instances of a faulty pen and fix them to use until the intended use. 

[bookmark: _Toc197321749]Requirements Analysis 
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[bookmark: _Toc197280001][bookmark: _Toc197321974]Figure 3
‘Figure 3’ shows a ‘Pairwise Comparison’ grid. This is used to compare one requirement against the other to understand what is more important to the consumer and can therefore be focused on more by the designers. In systems engineering, pairwise comparison plays an important role because it is able to support the consistent and fair requirements direct from the consumer. By separating decisions into reasonable steps, involving several criteria or stakeholders helps define priorities and settle disputes. This comparison tool ensures that the requirements that are not met are clearly fair and that all alternatives are taken into account. It improves the reviewing process towards the end and therefore creates some justification of the decision-making at those final points. Pairwise comparison reduces the designers’ bias and increases confidence in the final system design by using logic through ranking. As can be seen at the top of ‘Figure 3’, all requirements are ranked on a scale between 0-9 with the closer to 0 it gets, the lower the preference. However, the way the ranking works is one of each comparison is ranked in two parts. If one is rated a 9, the other requirement it is being compared to must be rated 0.1. If one is rated 5, the compared requirement is rated 0.2. If the consumer feels a slight preference, they would rate the requirement 2 and the other 0.5. Finally, if the consumer feels no preference to either requirement, both requirements end up with a rating of 1. 

[image: ]
[bookmark: _Toc197280002][bookmark: _Toc197321975]Figure 4
‘Figure 4’ is a bar graph that shows what requirements are preferred. As it can be seen, the requirement for the product to work on the faulty pens is the most rated and therefore important and this requirement can be shown the most attention by designers and be the main focus of drive with this product. The least rated and most unimportant requirement is for the consumer to get multiple uses out of this product. This shows that the consumer isn’t as bothered or affected if the product is single-use and disposable instead of reliability and the product working for multiple pens. During the testing phase, the ranking of the consumer requirements can be used to decide if a rework and further testing is needed or if the product can be sent out for the final consumer testing. 

[bookmark: _Toc197321750]Functional Analysis 
Functional Analysis is essentially a run through guide/step-by-step guide on how the product will operate and contain each requirement whilst maintaining a visual observation known as a behavioural observation. 
	Take bottom of pen off.

	Place product onto the ink holder.

	Use product to move the ink around/push ink through.

	Take product off.

	Place the bottom cap back on.

	Use the pen.


[bookmark: _Toc197321976]Figure 5
‘Figure 5’ shows the run through guide on how to use the product and each sub-system working together to all come together and make a working product. However, in some cases requirements and simple steps may be overlooked such as ‘Place product onto the ink holder.” Not all ballpoint pens use the same thickness of rollerball hence a difference in writing thickness, let alone a standardized size of the ink holder. In order for the product to work effectively, it has to fit snug onto or into the ink holder otherwise air will escape and prove the product defective and rendered useless.

[bookmark: _Toc197321751]QFD 1 
QFD stands for Quality Functional Deployment and is a table showing the functions mentioned in the ‘Functional Analysis’ against the consumer requirements in ‘Requirements Analysis.’ It is very similar to the ‘Requirements Analysis’’ ‘Figure 3’ and ‘Figure 4’ in the comparison aspect. QFD is a focused methodology for carefully listening to the voice of the customer and then effectively responding to those needs and expectations. QFD was first developed in Japan in the late 1960s as a form of cause-and-effect analysis, QFD was brought to the United States in the early 1980s. It gained its early popularity as a result of numerous successes in the automotive industry. In QFD, quality is a measure of customer satisfaction with a product or a service. QFD is a structured method that uses the seven management and planning tools to identify and prioritize customers’ expectations quickly and effectively. QFD methodology focuses on the most important product or service attributes or qualities. These are composed of customer wows, wants, and musts. Thus, QFD is the deployment of customer-driven qualities to the responsible functions of an organization. [2]
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[bookmark: _Toc197321977]Figure 6
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[bookmark: _Toc197321978]Figure 7
Both ‘Figure 6’ and ‘Figure 7’ show QFD 1 and the bar graph relevant to the results it has shown. ‘Figure 6’ has the functions along the top row and the consumer requirements amongst the first column. The numbering and ranking system slightly differs to that of the matrix and bar graph in ‘Requirements Analysis.’ There are only 3 numbers to rank each column and row amongst each other; 1, 3 and 9. A rating of 1 shows a comparison of a very weak relationship or even no relationship at all. A ranking of 3 means the relationship between the column and row is one of a mediocrity and if a rating of 9 is given, a direct relationship and correlation is in place. The product needs to work hence the rating of 9 being given for 83% of the requirement of “Consumer requires the product to work on faulty pens.” 
‘Figure 7’ shows the bar graph of the results from QFD 1 and represents all the data in ‘Figure 6’ but with a visual representation. It is clear to see the least important and influential function for the product is for the taking the bottom cap of the lid off as this has nothing to do with the products’ parameters. It is also very clear to see the most important function to the consumer is, to be able to use the pen after the usage of the product. QFD 1 again carefully looks further in depth of what exactly is the most important criteria in order for the designers to focus on that and allows leeway in the future If the product doesn’t perform all the function as there is clear research backing it being less important. 

[bookmark: _Toc197321752]Functional Metrics 
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[bookmark: _Toc197321979]Figure 8
‘Figure 8’ discusses and portrays the Functional Metrics table, and this shows how each requirement can be tested to meet the consumer needs. The rating and ranking system is the same as it was for QFD 1 in ‘Figure 6’. Despite, it not being seen the most important tests were the ‘Ease of use’ test and the ‘Ink test’. They both generated a score of 135. Despite consumer requirements and feedback, the ‘Ease of use’ test ended up being one of the most important for designers to focus on. The ‘ink test’ comprises of the ink actually coming out and working to the expected standard after usage of the product.

[bookmark: _Toc197321753]Concept Generation 
The student understood and digested the requirements given and therefore went on to create three products. These three were all similar in design however the user input was slightly different on the three designs. The inspiration behind the designs can be seen below:
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[bookmark: _Toc197321980]Figure 9
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[bookmark: _Toc197321981]Figure 10
  [image: HURRISE Small Air Blower, Sucking the Blowing Balloon Silicone Suction Ear  Washing Ear Wash Ball Delicate for Kids Adults : Amazon.co.uk: Baby Products]
[bookmark: _Toc197321982]Figure 11
’Figure 9’ shows the design concept inspiration for Design 1, and it is based off of an interdental brush. The shape of this existing product allows the main bulk at the end to become a suction air blower. Only a small one-way valve is needed to allow the air in and keep it in and a system in place to let it travel down to where the brush currently is, however where that is, a small tube will be there instead to allow the air through without escape.
‘Figure 10’ shows the design concept inspiration for Design 2, and it is based off of a bike pump. This is the more research-needed one of the three as shrinking this existing product down into fitting over the ink holder in a ballpoint pen will be a difficult task. 
‘Figure 11’ shows the design concept inspiration for Design 3, and it is based off of a suction blower predominantly used for washing inside an ear. This design inspiration will be the easiest to maintain, create as well as the customer to use. 

[bookmark: _Toc197321754]Concept Evaluation 
There are potential failure modes for all three of these designs. There are five failure modes in total: full, patrial, intermittent, degrading and unintentional. Full failure consists of the entire product not working at all or not in the intended way. An example would be too much pressure building up and the pen snapping or the rollerball being pushed out and causing a large ink leak onto the paper. Partial failure consists of the product working some of the time, an example being for every five pens it is used on, only three work. Intermittent failure is more of a complete 50/50 chance of the product working. An example would be one in every two uses works. A degrading failure is when the product worsens over time and eventually leads to complete and full failure. Am example would be the valve wearing down and allowing the air to release after a certain number of uses. Last of all is unintentional failure. This is when something not intended for the product happens. An example of this failure would be the pump sucking ink into itself rather than pushing it through the ink delivery system. 
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[bookmark: _Toc197321983]Figure 12
‘Figure 12’ shows the “Pugh Matrix”. This matrix is criteria-based and compares the different designs against its criteria. The matrix is ranked and rated only by using the numbers 0, 1 and 2. A ranking of 2 would mean the requirement is met with its full potential, a ranking of 1 means the requirements are met but not to the best of its ability and more can be done. Whereas a ranking of 0, means the requirements are not met at all. This matrix is used because of the definitive answer it will give, based on all information a person would have gained and used to input their numbers in. It can be seen by the ranking and scores at the bottom that Designs 1 and 3 have an equal score and both came top with Design 2 falling short in 3rd place. Designs 1 and 3 are fairly similar in the design process and both use existing products as direct inspiration so initial research and development costs wouldn’t be high at all. 
Despite Designs 1 and 3 being the clear winners, the potential failure modes are too detrimental and too risky for this product to go through. The ink leaking out, the pen snapping and the product only working some of the time show that this product idea may not be the one that is needed in society today. Design 2 is too complex within the ease of use requirement as it is fiddlier and there is a lot of mechanical parts within it and It being the size it needs to be, will make these parts prone to breakages as well as quicker deterioration. The design that will be easiest to pursue and make is Design 3 as it is a smaller version of two pieces of silicone moulded together and this can be achieved with ease. The air dispense nozzle on Design 3 would most likely need to go inside the ink holder as opposed to going over it like the other two designs.

[bookmark: _Toc197321755]Conclusion 
As mentioned above, Design 3 is the most logical product to go through with taking both ease of use and monetary reasons into account. Despite this product being helpful and allowing the user to get the most out of their money, this product isn’t needed in today’s market. This is because the price of buying a new pen or pack of pens is not expensive at all. For the product to make money as well as being a fair price for what it is, it needs to cost between £4 and £5. A pack of 50 ballpoint pens on Amazon with next day delivery (for prime users), costs £7.99, coming to a total of £0.16 per individual pen [3]. For an extra 50% of the cost of the product, the consumer can purchase 50 brand new pens. On top of this, the potential failures are too risky and could ruin minutes, hours, days…etc. of work due there being too much pressure and ink spilling out. The reason as to there not being a current product on the market, the reasons listed above are very probable as to why. The SE discipline and way of thinking has allowed the student to come to this conclusion through analysis and evaluation. Using all the SE tools such as the Pugh Matrix, QFD 1 as well as the pairwise comparison all helped to determine what the design needed and what design was the one to go with in the end however it doesn’t make any sense to follow through with a product that will only help the select few that don’t want 50 brand new ballpoint pens.
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