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Functionality and Design in a Household Object

1. Introduction and System Engineering Rational

  Continual improvement of designs and systems has been an ever-present feature of human history with such systems gradually becoming ever more complex since the advent of the industrial revolution. As we enter and progress through a new digital revolution this trend will only continue. As our systems become more complex it is imperative that we ensure that proper steps are made in the designing of new objects and processes to help ensure that they fulfil the needs and wants of the customer and operate as intended [1]. 
  In the OME industry this has particular pertinence.  The damage and potential for harm caused by a hazardous product could be extremely serious going up to and including loss of life. Applying systems engineering understanding during its design is thus crucial. To improve safety (as well as reliability) we must understand the hazards a system faces and ways to reduce their occurrence, manage the conflicting goals and constraints [2]. 
  In addition, applying proper systems engineering from the outset can prevent costly program extensions and overruns as well as the worst case where an inappropriate product that is unsuitable for use by the customer. This is a continuing problem in military procurement that has been long outstanding. The A 38 Valiant was a design to meet a requirement for a small heavily armoured tank. While it manged to be small and well armoured it failed due to the compromises made in ergonomics for crew comfort to the point it was undrivable and the one prototype had its testing halted as it was dangerous to drive [3]. Failing to provide ergonomics such that a crew can safely operate the vehicle is a problem that is still encountered in modern vehicles. The Ajax IFV has suffered widely reported problems during its testing with it being incredibly uncomfortable to the crew inside and unsafe for them to operate [4]. By going through a proper systems engineering process these problems should be found and discovered before a finished product is being tested and be removed from the design. This not only prevents embarrassing headlines but shortens overall programme time as you aren’t having to troubleshoot and problem solve a product and change production lines to fit in the necessary changes. This also saves money on the programme.
  To work through what is required in a systems engineering process this paper will cover an problem and an improvement that can be made to a household object. Using systems engineering processes it will cover what the problem is, gather the requirements form the customer and develop and evaluate a concept. 

2. The Issue and Context

 
  The customer has a particular penchant for fountain pens having it being a requirement for them to use one when they moved to a new primary school and has kept the habit ever since. The fountain pen they use is a cross model that they have had for several years but they have also started recently using their grandfather’s old parker that was bequeathed to them on his passing away as well. Both of these use bottled ink rather than cartridges. Bottled ink is both cheaper and better for the environment as it cuts down on single use plastic.
  When refilling the pens it is necessary to place the nib into the bottle of ink before it can be sucked up into the reservoir. However, it is difficult to tell when just the nib is touching the ink and thus it is common to end up with ink on the grip which is liable to end up on the customers hands. 
  The customer wishes for a solution that allows him to refill his pens without ending up with inky hands constantly. 

3. Requirements
 
  The customer was asked about their requirements there were as follows:

	Originator
	Level 2

	Operator
	That the fountain pen should be refilled with bottled ink

	
	The fountain pen should not get ink on the grip

	
	The bottle should remain easy to use for quick refills on the go
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  It was clear from the requirements given by the customer that the current functionality was considered by them to be the most key and that this additional functionality was not to prevent what the pen was already doing but was rather a cherry on top of the cake as it were. Not required for the day-to-day functioning of the device but a requirement the customer had discovered they wished for after they had started using the current product.
  Thinking about these unintended requirements has led to innovative designs for products in the past [5] such as Apple with the iPod, recognising that the experience of the use was important to the customer as much as the functionality was. Indeed, asking the customer in this case about whether they would have had the same requirements back when they had a cartridge fountain pen, they would not. They prefer the use of the bottled ink for environmental reasons as well as cost and having a more reliably source of ink for the pen but did not consider the potential for ink getting on the grip. It is important then in future programs to also consider solutions that offer additional functionality but, that still meet all the core requirements of the customer else they come back with a new requirement after having used a device and found something that they want improving. 

4. Required Functionality

  The customer was observed refilling their pen so the current process could be observed and the current functionality required which is not to be impinged:

	Level 1

	Take off lid and unscrew rear of pen

	Open bottle of ink

	Place nib of pen in the ink

	Pull ink through the nib into the pen’s reservoir

	Withdraw pen from the ink

	Put lid back on ink

	Put pen back together



[bookmark: _Toc218774482]  Table 4: Process to refill pen with ink
  It is clear that the critical period is when the pen is in contact with the ink from the process as was shown. 
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 A functional analysis was performed to identify the key areas to improve. This was solution independent so that there would not by a bias in the process that would identify problems that a solution already in mind would solve. That way leads to the hammer looking at everything as a nail. 

  This process clearly identifies that the key area is that the ink bottle remain functional and during the point where the pen is in contact with the ink.

5. Concept

  There were several possible solutions that presented themselves. They were each thought through in turn. 
  The option of using disposable fountain pens, akin to Bic biro was thought of. However, the customer specifically wanted to continue using his existing fountain pens for environmental as well as sentimental reasons. In addition, it is understood that they might not offer as smooth a feel when writing, this is one of the reasons the customer abhors he use of biros so this idea was discarded.
  An attachment to the pen seemed an obvious solution to the problem. However, the two pens are different widths and therefore each attachment would have to be independently designed. This was considered to be plausible but inelegant therefore it was placed in reserve.
  The solution that was finally alighted upon was a change in the design of the ink bottle. The customer was able to hold the pen steady and more easily fill a pen from a full bottle of ink without getting some on the grip that they could from one that was half empty. Therefore, a solution that held a well of ink from which to draw from at the top of the bottle was decided upon. 
  This would take the form of a dish with a hole on one wall to allow ink to flow into it when the bottle was inverted and retain it within the well when it was righted. This could then be easily drawn from without having to worry about getting ink on the grip. 
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   Finally, it was pointed out that the customer could just use a cloth or tissue o clean the grip after a refill. 
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6. Conclusion

  The analysis of the solutions shows that the ideal response to the problem ass presented to by the customer is a redesigned bottle to aid in refilling the pen without getting ink on it. By going through a systems design process, we have been able to come up with a solution that satisfies the customers requirements that is certainly possible to be made. There is also a simple solution that they can use in the meantime that would work with the simple use of a cloth. 
  Applying a process like this is important when exploring new projects as it allows you to go through the problems at hand and come to a workable solution that will solve the problem and well as work through potential shortcomings in a solution. This becomes more important the more complex the system that is being worked on. 
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