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Section 1 – Briefing
The purpose of this task is to utilise Systems Engineering toolsets, to redesign an existing household device, with a holistic approach. In this case, a bespoke LED display cabinet that is fully utilised, and not quite fulfilling its intended function. The recommendations from this analysis will go a long way to the cabinets rebuild. This is not just an academic exercise for the author, it will get rebuilt! (At some stage).
[image: ]The display cabinet in its current layout is shown below;B
Picture 2
Picture 1

Picture 1 is the cabinet illuminated at night.
Picture 2 is an overall daytime shot of the cabinet. A


Section 2 – Cabinet Overview
The display cupboard is of wood and glass construction, built into a chimney alcove. The base is a further cabinet that has also been built in. For clarity, the lower cabinet (not visible) is beyond the scope of this task and therefore will just be referred to as ‘the base’, henceforth. When the owner moved into this property, there existed the base, and the two wooden shelves marked as A and B. The glass door is recycled from a motorcycle dealership, hence it’s odd sizing and ill-fitting, rather than fully fitting the aperture. 
Both the marked shelves are an odd shape and far too tall. There are gaps between it, and both the rearward wall and the front. A glass panel has been placed under the items on shelf B to extend it, avoiding items falling and potentially causing damage. A wooden panel has been placed similarly on shelf A. The ‘roof’ is constructed of lightweight Correx, and was placed to add a single, large, shelf space for the items above, and also to keep dust from getting into the cupboard.  
The glass shelving is recycled from the same unit as the door, but ultimately, not big enough to go fully from left to right. They end at the pillar supporting the door hinges. Behind the brick pattern wallpaper is a plywood construction with no load bearing characteristics, (other than the door hinges).
The glass door came pre-drilled for a lock, but the one that came pre-fitted was not of the right type, and had the key missing. The owner purchased the new lock, and cut a slot in the base for the lever to rest in. 
The lighting is mains powered LED flexible strips. They are timed to turn on and off utilising a mechanical timer. The timer is inefficient and slips backwards over a period of months. Whilst not a major issue, it can become annoying when the seasons/DST change and it is completely out of synch, resulting in there being little to no ambient light in the mornings. To change the timer settings a sofa must be moved, so it is less than desirable to do. There is a double plug socket in the base cupboard. Some of the LED strips have been placed in Correx and boxes, which are also used as ‘plinths’ for selected items. This is shown in Picture 1, above.

Section 3 – Key Requirements
Most ‘proper’ projects have a set of requirements that lay out what a finished product should do, or how it should operate. This is regardless of what it is, be it a scuba tank, command building, or military vehicle. These requirements can form a framework for the goals and tasks the project aims to achieve. Before we can make a requirements list for this project, we need to ask the question; What is a requirement?
According to the SEBoK [1];
“… are all of the requirements at the system level that describe the functions which the system as a whole should fulfil to satisfy the stakeholder needs and requirements, and are expressed in an appropriate combination of textual statements, views, and non-functional requirements; the latter expressing the levels of safety, security, reliability, etc., that will be necessary.”
[image: ]Requirements, therefore, are things that are compulsory, but more specifically in context, can be boiled down to needed and/or wanted [2]. To identify the requirements for this particular task, one of the tools we can use is the Holistic Requirements Model (HRM) [3]. This systems approach provides a framework for deriving system requirements from customer requirements. This approach is summed up to the right;

								Picture 3 – HRM model [3].
It can be observed from the above picture that the model can be broken down into three fundamentals;
· Operational requirements
· Functional requirements
· Non-Functional requirements[footnoteRef:1] [1:  It is also good to note that henceforth differing Requirement nomenclature will be shortened for clarity and ease of reading. E.g. Operational Requirements become OpReq’s. This is in part to the author’s SPLD’s.] 

To explain further…
Operational Requirements (OpReq’s) outline the main purpose for the system, what it actually does or is capable of doing, within the context of the design. For example; 
[image: ]




Table 1 – EG OpReq’s [3].
OpReq’s need to be clear, concise, consistent, complete, correct and confirmable. This subset of the ‘6 C’s’ goes to show how important OpReq’s are, but they must be clearly documented, as some ‘obvious’ requirements often are missed, because the customer deems them to be too obvious. This can lead to failures further down the road in the design process, possibly costing considerable man-hours and budget, not to mention the potential to a loss of company reputation. The current Ajax APC being case in point, given it’s public-aware problems. Worst case, it could also lead to producing the wrong product! The OpReq’s give an ordered direction, (or system definition), for the design team to head in. Otherwise the individuals of the team, as is human nature, may end up developing differing concepts to the rest of the group. They, the OpReq’s, will insist on certain functions of the product, confirming the Functional Requirements (FuncReq’s).
FuncReq’s define what the product must do, to fulfil the OpReq’s. The FuncReq’s are a verb – noun phrase that defines an action. It describes an action that the product must take if it is to carry out the work for which it is intended. For example, the FuncReq’s for a window in an air field accommodation block could be taken as;
· Admit light
· Comply with relevant safety legislation
· Strength, stability and airtightness
· Fire safety
· Provision of ventilation
· Resistance to the passage of heat and sound. (From personal experience, even with the triple paned windows at RAF Marham, the noise of Tornado GR4’s is barely kept at bay. Therefore, it could be argued that this requirement was not met, in that particular instance.)
· Security
· (Positive) aesthetics
· Durability and freedom from maintenance
[4]
Whilst simplified, this pretty much describes an everyday item as elementary as a window, albeit in an extra-normal situation. FuncReq’s define what has to be done, not how. Words such as ‘quickly’ or ‘easily’ should be avoided as they are a how descriptor, not a has. Functions should be thought of as turning an input to an output. This is as well as avoiding solutions. Take a troop transport truck for example. The FuncReq of ‘store passengers’ is avoiding using the solution of ‘seat passengers’, especially when transports don’t solely seat their customers. They can also carry cargo at the same time.
Non-Functional Requirements (NFReq’s) are system pressures or restraints that define performance. These constraints are derived from comparing how the FuncReq’s and OpReq’s interact. From exploiting these constraints, we can find any further missing requirements. For example, below is a very simple set of functions, with their Performance Requirements (PerfReq’s).
[image: ]



			Table 2 – PerfReq’s [3].
NFReq’s are not solely related to a system or product’s Performance. NFReq’s also can relate to their System (SysReq’s) and Implementation Requirements (ImpReq’s). SysReq’s can include product constraints in part or on the whole, but, not limited to, its physical attributes, (size, shape, weight, for a Bergen), overall performance, (cost, processing speed, processing power for a laptop) and its quality attributes (reliability, maintainability, availability). A generic car is used as an example below;
[image: ]







	
			Picture 4 – Functional vs Non-Functional PerfReq’s [5].
[image: ]Sub systems have their own HRM and also interact with the overall HRM. This should not be forgotten when deriving a set of requirements. This is outlined right, with the example of a domestic washing machine;
It is entirely conceivable that the HRM for a domestic washing machine would be a diagram on a not inconsiderable scale, however, when compared to a nuclear submarine, it is actually fairly simple.  Subsystems could have an effect on the entire system. To re-use the nuclear submarine as an example, if the reactor cooling system is poorly designed and fails, the (literal) fallout is catastrophic for the crew and the environment. 
								Picture 5 – Sub system HRM [3]

A completed HRM is shown pictorially below;
[image: ]







			Picture 6 – Completed HRM Diagram [3].
Our cabinet could be divided into the following HRM sub systems;
· Lighting
· Shelving
· Security
[image: ]To derive the Requirement Set for the LED Display Cabinet, the HRM model was followed, arriving at the following demands;
Table 3  - Requirements Set [6].
Summary Key for the above table.
	OpReq
	

	FuncReq
	A FuncReq is a temporary requirement – it only defines the job that needs to be done. To provide completeness requires the associated PerfReq's. Therefore if FuncReq's are provided without any associated PerfReq's these will have to be determined.

	NFReq
	

	PerfReq
	A PerfReq defines how well a particular system function has to perform. Therefore given a PerfReq it is possible to deduce the corresponding function to which it applies

	SysReq
	

	ImpReq
	A ImpReq is the solution to a FuncReq. Therefore given a ImpReq requirement it is possible to deduce the corresponding function it solves


 
Every system will have a set of underlying generic functions necessary for it to achieve its OpReq’s. Given each individual OpReq, it should be possible using logical thinking, to deduce the necessary functionality (and thereby FuncReq’s) to deliver the purpose.

Section 4 – Pair Wise Comparison (PWC) for Rationalised Requirements
[image: ]Before we look into the results for the relevant Pair Wise, we must understand what a PWC is. The PWC matrix compares a set of options using head-to-head pairs to judge which point is the most preferred overall. It is a popular method for collating people’s preferences to inform strategic decisions and conducting voting on a large scale. It works almost like knockout Rugby. Almost. Preferences are picked from two options, choices recorded in a manual table if two conditions are met. 
To make comparisons the user starts by inserting their choice of score according to the requirement set key. Scores are ranked from highest to lowest. These matrices generally follow a principle called ‘transitivity’. This generally means that the user prefers option X more than option Y, and, prefer Y to option Z, then it assumed that X is preferred more than Z. [7]. Right is a simplified PWC results matrix for buying a new car;		Picture 7 – PWC Matrix example [7]			
[image: ]We can see from the table above that a cars safety features are the number one priority, for the example person looking to purchase a new car. Given the company’s sterling reputation for safety, it probably meant this person bought a Volvo. After following the PWC process, the author arrived at the results below;
Picture 8 – PWC table
[image: ]When collated, these results give us the following graph;
According to the PWC the top three requirements are;
1. The Owner requires that the cabinet be maintained in a clean and orderly fashion.
2. The Owner requires that all items remain in view.
3. The Owner requires that the objects are kept safe from harm.
The most surprising aspect of these results, is that the requirements of the Observer. Which in context is anyone looking at the items in the cabinet who is not the Owner, is omitted from the top results. Thinking on this further, as the items are the personal effects of the Owner, then this doesn’t seem so surprising after all.

Picture 9 – PWC results

Section 5 – Use Case
[image: ]Before we can come up with a concept for our cabinet, we need to describe how the different requirement originators will interact with the system, basically, what it does. Use Cases are built to establish normal operations, failure modes, emergent variants or exceptions. There are multiple software packages available to help with this section. The author used the online software LucidChart [8] to arrive at this Use Case, therefore landing at a desired set of functions. A Use Case concentrates more on the users rather than the system being derived or redesigned. Use Cases help ‘join the dots’ helping the different departments of a design team interact, bringing together the concept [9].
To the right is an example of a blank use case in context [8];
								Picture 10 – Use Case Example
[image: ]Shown below is a pictorial interpretation of the Use Case, with each main aspect and how it interacts with the others;
	Picture 11 Use Case
Once the use case has brought together our functions we can specify what the cabinet will do. The following is our function set.

· Place Items
· Remove Items
· Clean Shelves
· Lock Door
· Clean Items
· Turn Light On
· Turn Light Off
· Move Shelves
· Clean Door
· Open Door
· Observe Items









Section 6 – Quality Function Deployment
[image: ]Quality Function Deployment (QFD) is a tool for straightening out imprecise and overcomplicated system requirements. Based upon a series of matrix charts, (at this level we will be going no further than QFD2 - Concept). QFD translates Customer Requirements, from the HRM, to Technical Requirements. As it has previously been alluded to, there are a number of steps to QFD. These are 1-4 traditionally. Whilst a useful shorthand, it’s not greatly informative. The table (right) gives further insight to these ‘correct’ labels [2].		Table 4 – QFD Definitions [2].
The following graphical representation of how the QFD stages flow down and the requirement auditability;
[image: ]
Picture 12  - QFD Flow [2]
A QFD chart can be filled out using the following steps [2];
· Listen to the Voice of the Customer – What is it that the customer wants? Sometimes these initial requirements can be vague, and be captured thus. These requirements should be graded on importance using a scale.
· Translating for Action – Refine vague to measurable technical requirements (TechReq’s), not design solutions.
· Determine Relationships – Map the relationships between the How’s and What’s. This matrix helps to analyse whether the customer requirements (CustReq’s) have been met and there is no missing or redundant TechReq’s. It provides assurance that the customer gets what they want.
· How Much is Enough – How TechReq’s are determined and entered on the chart. A way of straightening the vague to definable Req’s.
These Req’s are the core functionality and don’t include the ‘bells and whistles’ that some customers require from a product.
[image: ]Our completed QFD 1 chart is below;
Picture 13 – Completed QFD 1 [6].
Unsurprisingly, ‘Observe Items’ came out on top, given that this is the primary function of a display cabinet. The next most important function is for the light to come on, this would fill the requirement to view items night or day. QFD 1 is an iterative process and we will be revisiting it later.
As it states in the above table LED’s use approximately 10x less energy than the equivalent incandescent bulb. Using an online calculator [10] it is possible to arrive at a desired annual cost that the cabinet should not exceed. This is stated later in QFD2.
The results are shown in the Functional Importance Graph below;
[image: ]











Picture 14 – Functional Importance Graph [6].
[image: ]Section 7 – Function Means Analysis 
We are now getting closer to forming a concept design or two. The next step in the chain is to perform an FMA, or Functional Means Analysis. This is a measured pathway to arriving at a concept design. The final table is used to demonstrate design options at once, using a visual record. Then, the design team can consider functions that the system performs, and analyse factors that can be considered successful. The table below lists the current functionality, as it is not a new design. The rest of the table contains the potential functional solutions that could be employed on this particular system. This approach is used, in part, for more complex systems as they can’t be solely designed in one go.  An example of this would be the new F35B combat aircraft [11]. Our blank FMA table is shown in Picture 12  [6]. 		Picture 15 – FMA Blank
This approach enables designers to generate a representative overview before iterating the sublayers of more complex systems. This way the process can be methodical, auditable, and clear. The preceding sections to now have given us most of the information needed to populate our FMA table. Once generated the Functional Solutions can be populated with either written descriptions, or pictorially. Given the engineering nature of our design it may be easier to stick with descriptions at this point, rather than ‘fag packet’ sketches. 
Our table is below;
[image: ]
Picture 16 – FMA Table
The aim with the FMA is to ‘plot paths’ through the table to determine our all-up system designs [11]. Multiple designs are likely to present themselves, however, it is desirable we need to find the ‘best’, or most complete and rounded system design, by considering these alternatives. The weaker options need to be evaluated and then removed from consideration.
To do this, criteria must be established for appropriate selection/de-selection. Here, the designer must be cautious, as the wrong criteria will develop the wrong product. We can use the Functional Importance Chart from QFD 1 to derive these criteria. 
Ideally, with this design we need to develop a realistically achievable concept and a ‘step change’ design that would completely revolutionise the cabinet. A large dose of common sense would be advisable here too.
The ‘routes’ are detailed below;

[image: ]
Picture 17 – Concept Routes [6]
For clarity;
	Green – Realistic Concept Route
	Red – Step Change Route

	Maintain placement by hand
	Employ a professional cleaner

	Maintain a Key locking system
	Thumb pad biometric security system

	Install a Digital Timer
	Install a Solar powered lighting and extractor system

	Add 3 glass shelves on simplified fixed mounts
	Install the cabinet as a modular, removable carcass, with mirrors glued to the inside surfaces

	Install mirror film to the walls
	Add 4 glass shelves on removable fixings, (extra is to replace the Correx top)

	Improve dust protection
	Improve dust protection 

	Sealing strip for the glass door
	Sealing strip for the glass door

	Maintain current LED system as it meets the low power consumption requirement
	Replace LED lighting strips for lower wattage individual LED lamps


Table 5 – Route Explanation
As we can see there are a number of factors that are going to dictate our design, the elephant in the rom being cost. Before we get too bogged down with the price of screws and timber, it may be worth looking at Failure Modes first.










Section 8 – Failure Modes
Design Failure Mode and Effect Analysis (DFMEA) is a Systems Engineering process that helps product architects understand the impact of potential inherent risks from their plans. It can help designers understand the consequences of specific failures, how they are detected and their mitigation. DFMEA is a design process that was developed in the 1940’s by the US military, later adopted by NASA and then by industries like automotive and electronics. The automotive industry spearheaded this process in the 1980’s to drive safety standards and reliability. Today, most industries that require high standards for reliability and product safety have adopted this practice to follow recognised standards (i.e. DIN and SAE) [12]. 
The following picture graphically represents how costs can spiral when a faulty product is released with inherent design flaws;
[image: ]Picture 18 – DFMEA Cost of ‘designing the thing wrong’ [12]
Reputational damage can’t really be quantified, as there will always be brand loyalists that will continue to buy a manufacturers product even after a blip with reliability, particularly with the automotive industry.
The scope of the process shows the level of granularity that needs to be considered for the design. Component level scope considers failure mode and mitigation of risks for each product component. This could be a simple bolt for a wheel hub on a vehicle. The metallurgy for the bolt would have to be considered early on, because if it is substandard for the requirements of the vehicle, the results could be catastrophic. Analysis can be carried out at an earlier level if subsystem scope is used. Then, all bolts in the hub or suspension system could be considered for suitability. 
A DFMEA doesn’t need to be complicated. It can be simplified down to a power switch on a Personal Walkie (Personal Radio – PR). If the power switch is ‘ON’ and the design has a visual indicator light, the light should remain on also. The failure mode here would be ‘Visual warning indicator inoperative’. The effect would be ‘inaccurate power on state’. This could be worded differently for systems using high voltage or where there is a greater risk to safety. Each failure mode will then be assessed and given a severity rating, which would reflect the impact on the user. A Risk Assessment then needs to be carried out to gage severity and likelihood. Each risk is then given a Risk Priority Number (RPN) and ranked in order from highest to lowest [12].
Once the failure modes and risks have been identified and prioritised, it can be decided how they can be mitigated or prevented. This may necessitate a change in design. As we have seen previously, it is better to tweak the design earlier, rather than when our product or system is built and we discover that it doesn’t work! Once we have completed our DFMEA, then we will return to QFD 1.
The following picture best describes how to fill in the DFMEA for each function;
[image: ]
Picture 19 – DFMEA Process [13].

As previously stated this is a risk assessment tool, where we consider three main factors to arrive at a Risk Priority Number (RPN). This is concluded by multiplying the Severity, Occurrence, and Detection numbers together. These titles are defined as;
· “Severity: How bad is the effect of the failure?
· Occurrence: How often is the failure likely to happen?
· Detection: How easy is it to detect the failure before it impacts the customer?” [12].

These operate on a 1-10 scale, 1 being the lowest. However, for detectability, 1 relates to ‘easy to detect’– 10 being ‘can’t detect’. The label of detectability is a bit of a ‘red herring’, as it relates more to how the fault will affect the customer. On the following page are the results from our DFMEA;


[image: ]Table 5 – DFMEA results [6]
After reviewing the data, it is quite clear that there are a number of concerns that need to be addressed, before we continue to QFD2, so we must redo QFD1 with our new findings.
Taking each Function in turn we can see where the main areas for improvement are. 
· Function – It is clear that the reliability of the door lock is a key (unintended pun) requirement to maintaining the security of the cabinet. Whilst not a critical feature, it is definitely high on the list. A good quality lock should be used.
· Turn on/off lighting – Given that the lighting is a key requirement, this has come out at a very high RPN. There are methods to mitigate the risks to the observability requirement, involving differing levels of financial implications. These range from a good quality timer and lighting system, to using a backup UPS (Universal Power Source).
· Remove shelf – This was initially deemed to be a lower-end function, but a materials requirement has become apparent; shatterproof or toughened glass for the shelves, in case of unintended damage. This would also limit the implications of overloading, however, the items weigh very little.
· All round view [footnoteRef:2] - Given that ‘viewing’ is the cabinets raison d’être, this stands out on several levels, with high RPN’s. The potential resolutions to these failures overlap with other functions and requirements. Those FuncReq’s could end up being subservient to this, as it is the main requirement.  [2:  It was noted at this point in the writing of this paper, that the terminology for the verb-noun relationship was incorrect, and should read View all round. However, it was too late to change. ] 

· Adjust shelf -  One key design issue was raised here, the need for shatterproof shelving (again) and how they interact with their mounts. The best solution would probably be some kind of soft, rubber-free, pads. 
· Move house – Whilst not many people would think of this, the owner is contemplating doing so in the next few years, and will require the cabinet to be moved. Some of the causes are beyond unlikely, they are not impossible so should still be included. They scored a low RPN. 
· Clean – Came out with very high RPN’s as it helps to maintain at least 2 FuncReq’s. 
· Stop dust ingress – This came in ‘a close second’ to cleaning, but they go hand in hand, understandably. If dust is mitigated, then the proposed cleaning schedule will not need be as strict.
Now, we can return to QFD1.










Section 9 – The Return to QFD1.
It is not necessary to revisit the What’s and Why’s to QFD1, as it is detailed in Section 6. Therefore, we can jump straight into making our amendments. We will also skip seeing the QFD 1 (2) table, and go straight to the generated Functional Importance Graph (2). The two graphs can then be compared and contrasted below; 
[image: ]
[image: ]Picture 21 – QFD 1(2) Results [6]












	Picture 14 – Functional Importance Graph
As can be seen from the second iteration of the QFD 1 process, that the Functional Importances have changed, in some places, quite drastically. Previously, ‘Observe Items’ had come out on top, which has now, surprisingly, been superseded by ‘Clean Shelves’ and ‘Turn Light On’, whilst only sitting 1 point ahead of ‘Clean Items’. When this is thought about logically, these things are all interlinked. Without cleaning the cabinet, it makes it harder to ‘Observe Items’.


Section 10 – System Pugh
[image: ]As normal we need to discover what a System Pugh is. This process is known by a number of names, but, to avoid confusion we will continue to refer to it using the already stated nomenclature. This matrix is a tool that helps designers end up with, hopefully, an optimal concept. A list of ideas is refined using this matrix-based process to pro and con the concepts and designs [14]. It appears to build on a PWC, similar to a previous section, where differing designs are compared against a number of criteria or requirements. This particular matrix is capable of handling a large number of criteria. This process takes away certain personal subjectivities when making decisions, providing a method for informing that a particular decision is the correct one [15]. The basic idea is that the designer can lay a baseline between the designs and decide if the criteria are better or worse than the baseline. The scores are added up at the end, hopefully with the right design. An example is to the right;			        Picture 22 – Pugh example [15]
Below is our completed Pugh Matrix;
[image: ]
Table 6 – Completed Pugh Table [6]
After analysing the above data, we can see that the ‘Realistic Concept’ from our routes has the greatest chance of giving us our product, that we want. No other design would really be cost effective and deliver us our specified requirements.

Section 11 – QFD 2
QFD 2 now goes from the WHAT requirements to HOW things can be implemented. Now is the time to start putting possible solutions to our functions. We will be drawing on everything that has been mentioned before to find our best possible design, where we also uncover our critical component list.
Below is an example QFD2 for an Intelligent Washing Machine;

Picture 23 – QFD example [15].
The red highlight in this example is the flow down for an NFReq for the ‘Drain Water’ function. This is against the specific solution for that function. Whilst this is a far more complicated system than our cabinet, we are using this as an example to highlight how this can flow down to more levels. In context QFD2 is used to assist in managing the part characteristics and their target values. QFD 2 is also the point where any possibly hazy and imprecise requirements can get straightened out and turned into a technical requirement. [footnoteRef:3]. [3:  It should be noted here that the author became aware that QFD1 may have not wholly been completed fully, with regards to ‘How Much’s’. This has been corrected as of QFD2. It was decided to correct it at this point rather than redo all of the previous work, to show that the author was aware of the mistake and that they were fully cognisant of the oversight.] 

[image: ]Below are our statutory target minimums for the component level of the cabinet.
And then couple to the existing ‘How Much’s’ we end up with a desire for low failure rate and low consumption components. We already know that LED lighting systems use circa ten times less electricity that conventional incandescent lightbulbs, from QFD1, so just from using LED’s in the first place, the low power consumption requirement is met. Some will say that not all systems are created equally, however, but through using a lower wattage system and limiting its use to the hours or darkness and/or periods where it is required for viewing, a less sophisticated system may be purchased.  Such a system is already installed, as a point of note. 
In general, our ‘How Much’s’ are very difficult to put into measurable and quantifiable numerical values, as ‘observability’ is completely subjective.  Therefore, the original ‘How Much’s’ still need to be used, despite their lack of technical definition, or, to define something in words rather than purely by legislative standards. Our revised ‘How Much’s’ are shown below;
[image: ]
*There seems to be no direct specification for the hinges relating to display cabinets. Luckily the owner was able to secure at the time of purchase, the original hinges from the donor cabinet. As the donor was specifically designed to be opened more regularly, the design lifespan of these items should be more than adequate for the Requirements set.  Now that we have this squared away, we can look at the [image: ]completed QFD2 table. This is shown below;
Table 7 – Completed QFD2 [6]
From our QFD2 analysis we can see that lighting has come out as a critical component. This is probably unsurprising given ground that has been covered previously. Shelf security has come out just behind, given the Requirement for keeping things safe, and a minimum of maintenance. It was surprising at this point that overall security has not come out higher, on that basis. The top critical component isn’t actually, technically, a component. It seems that the most important way of maintaining observability, mitigating damage to artefacts and indirectly maintenance, is to keep the entire product clean. 










Section 12 – Conclusions & Summation
At this point we can now make some more firm decisions on how this cabinet should be designed. Going by our requirements set and the results from our various design tools, we end up with the following key point;
· Lighting and timer that is compliant to the relevant British standards, must not cost more than £5 per annum to run, with a maximum output of 4w. The colour output would depend on personal preference. Due to the slightly constricted amount of light that will spill from the cupboard, due to the front panel, the author believes a minimum of a 6500 kelvin (cold white) system should be utilised. A warmer 3000k system could potentially blend in to the surrounding walls. However, to maintain the requirement for all round visibility, a design suggestion came about to use mirrored film on the back and side walls. This would also provide further light spill. A trial would need to be conducted to decide on which system would be best for the application. The cost implication is low, for a failure resistant product, circa £15 to £20.
· The preferred design for the toughened glass shelving, to maintain the removability for maintenance requirements, and, maintain the safety aspect to both owner, articles and bystanders, was to use fixed supports with tack-free mountings. The tack-free element is to provide a cleaner shelf and to prevent the shelves sticking on removal. The cost implications are also low, £6 for a pack of ten items. The shelves themselves will be custom ordered at much higher cost, (quote still pending at the time of writing) which is expected to be in the £250 region. The glass will be the single largest purchase for the project. The problem with the shape of the alcove dictates the necessity to buy custom items. Toughened glass became the preferred option as it went over and above the requirement for ‘safe from harm’, 
· Maintaining the requirement for ‘view-ability’ has been so far partially covered, with its cost implications. To maintain the further requirement for ‘observable day and night’ a digital timer is to be purchased. Digital has been chosen due to the current mechanical timer slipping backwards, due to the inefficiencies of the antiquated mechanism. The cost implications, again, are low around £10 for an item. To avoid having to move a sofa to correct the mechanical timer, the plug socket could be relocated. This would however be at great cost, and potentially be unsafe because of “little fingers”. 
· The existing lock will be maintained as that fulfils its function well.
· The requirement for keeping the cabinet clean has revealed the need to mitigate a sealing issue, resulting in dust ingress. This can be solved simply by adding a strip that fills the gap between the glass and the irregularly fitted wooden surround. This would be cheaper than ripping everything out and starting again. The cost for the sealing strip is similar to the digital timer.
After following the various toolsets, we have now arrived at a viable and cost effective solution to the original problem.
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Function Failure Mode System effect Effect Seen by user Severity 

1 -10

Cause Mechanism (If Known) Occurrence 

1-10

Detection / prevention methodDetectability 

1-10

Rating

Lock/unlock door Too much - Stays locked

Door sticks on cam, cam doesn't 

move far enough

Stays locked 8

Broken lock or Key, Operator 

error, Locking nut loose

Lock 5

Replace key/spare , repair/replace 

lock, trained operator

3 120

Too little - Stays unliocked

Door swings freely, cam not 

engaging groove

Can't lock 8

Broken lock or Key, Operator 

error, Locking nut loose

Lock 5

Replace key/spare , repair/replace 

lock, trained operator

3 120

None - No fucntion

Lock not operational Stays locked/unlocked 9

Broken lock or Key, Operator 

error, Locking nut loose

Lock 5

Replace key/spare , repair/replace 

lock, trained operator

3 135

Intermittent - Fails to lock/unlock when 

initiated some of the time

Lock not operational some of the 

time

Can't complete task 5

Broken lock or Key, Operator 

error, Locking nut loose

Lock 7

Replace key/spare , repair/replace 

lock, trained operator

3 105

Unintended - Locks/unlocks through failure

Undesired effects, potential for 

poor security if unlocked

Can't complete task 5

Broken lock or Key, Operator 

error, Locking nut loose

Lock 5

Replace key/spare , repair/replace 

lock, trained operator

3 75

Turn on/off lighting too much - Stays turned on

Lights stay on Lights stay on 5 Timer failure, operator error Mechanical switch 5

Timer reset/replace, trained 

operator

1 25

too little - Stays turned off

Lights stay off Lights stay off 7

Timer failure, power cut, 

operator error

Mechanical switch 7

Timer reset/replace, trained 

operator, restablish power supply

5 245

None - No fucntion

Lights don’t work Lights stay off 8

Timer failure, power cut, 

operator error

Mechanical switch 7

Timer reset/replace, trained 

operator, restablish power supply

5 280

Intermittent - Fails to turn on/off some of 

the time

Lights inoperative some of the 

time

Lights stay on/off some of the 

time

6 Timer failure, operator error Mechanical switch 4

Timer reset/replace, trained 

operator

2 48

Unintended - Lights operate at unintended 

times

Lights come operate at non-

specified time

Lights stay on/off outside of time 

window

4 Timer slip, operator error Mechanical switch 9

Timer reset/replace, trained 

operator

2 72

Remove shelf too much - shelf wont go back in

Shelf missing Less items to view 7 Shelf lost, damaged, broken 2 Replace shelf 2 28

too little - shelf won't come out

Shelf full, or jammed Can't remove 7 Shelf stuck 6

Remove items, remove aditional 

shelves

2 84

None - No fucntion

Shelf full, jammed or broken Can't remove 9 Shelf full, stuck, broken 7

Remove items, remove aditional 

shelves, replace/modify

2 126

Intermittent

Shelf gets stuck Can't remove 7 Shelf stuck 8

Remove items, remove aditional 

shelves, replace/modify

2 112

Unintended

Shelf gets broken Smashed 10 Shelf broken/smashed 1 Shatterproof shelving 8 80

All round view too much - viewer cognitive overload

none Can't fully appreciate items 8 too full, reflection 2

Remove some items, continue to 

observe/return later

4 64

too little - can't see some items/obscured

none Can't see items 8

too full, reflection, lights off, 

dirty door, obscured by 

another item

8

Remove some items, clean, 

repositition items, turn on lights

4 256

None - No fucntion

no views availible Can't see items 10

too full, reflection, lights off, 

dirty door, obscured by 

another item, theft, damage

8

Remove some items, clean, 

repositition items, turn on lights

4 320

Intermittent - viweing inconsistent

obscured view from differing 

angles

partial views 4

itmes moved, lights off, dirty 

door, obscured by moved 

item

5

Remove some items, clean, 

repositition items, turn on lights, 

observer to move

2 40

Unintended - poor placement

obscured view from differing 

angles

partial views 4

itmes moved, lights off, dirty 

door, obscured by moved 

item

6

Remove some items, clean, 

repositition items, turn on lights, 

observer to move

2 48

Adjust shelf too much -shelf too close to another 

unable to place items No items to view 8 shelf fitted imroperly 2 fixed shelf mounts 3 48

too little - shelf too far away from the next

potentially undable to place items 

on the next shelf 

Items to view limited 8 shelf fitted imroperly 2 fixed shelf mounts 3 48

None - No fucntion

shelf unable to move potentially hard to clean 5 not fitted, stuck, fixed 2 fixed shelf mounts, fit 2 20

Intermittent - shelf won't adjust on occasion

shelf gets stuck potentially not able to view 6 stuck 3 fixed non-sticky shelf mounts 2 36

Unintended - dropped shelf

shelf gets dropped missing shelf 9

operator error, non-operators 

interfering

2

removed shelves oversomething 

soft and padded, shatterproof 

shelves, keep non-operators away 

ehen door unlocked/open

6 108

Move house too much - move 1+ times

move house repeatedly not set up 10 Still boxed 1 Don't move house, modular fitment 8 80

too little - don't move

don't move maintained cabinet 1 not moving 1 Don’t move house 1 1

None - No fucntion

don't move maintained cabinet 1 not moving 1 Don't move house 1 1

Intermittent - 

thinking of moving house poorly maintained cabinet 3 indecision, property chain 1 Don't move, move quickly 2 6

Unintended - leave house, cabinet gets left

cabinet left unattended poorly maintained, open to abuse 7

loss of interest, death of 

owner, breakdown of family 

life, war, apocalypse

1

promptly deal with unforseen 

circumstances 

9 63

Clean too much - items boxed for cleaning

items not in cabinet items not observable 7 overzealous cleaning 2 cleaning schedule 8 112

too little - items not cleaned properly

cupboard not sufficently clean items not observable at their best 7 not sufficiently clean 5 follow cleaning schedule 7 245

None - not cleaned

cupboard not sufficently clean items not observable at their best 7 not sufficiently clean 5 follow cleaning schedule 7 245

Intermittent - cleaned intermittently

cupboard not sufficently clean items not observable at their best 5 not sufficiently clean 7 follow cleaning schedule 7 245

Unintended - item dropeed when cleaning

item breaks missing item 6

operator error, non-operators 

interfering

3

removed items  oversomething soft 

and padded, shatterproof shelves, 

keep non-operators away ehen 

door unlocked/open

7 126

Stop dust ingress too much 

no dust clean 1 good sealing good sealing 1 silicone, rubber strips 5 5

too little

lots of dust not clean 9

poor sealing and cleaning 

regime

5

follow cleaning schedule, inspect 

and rectify seals

5 225

None - dust gets in

lots of dust not clean 9

poor sealing and cleaning 

regime

5

follow cleaning schedule, inspect 

and rectify seals

5 225

Intermittent - dust sometimes gets in

some dust some dust 3

intermittent sealing and 

cleaning regime, door left 

open

4

follow cleaning schedule, inspect 

and rectify seals

5 60

Unintended - accidental brakage of sealing 

strips

dust ingress some dust 3 damage to strips 4 rectify breakage 5 60
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