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2. [bookmark: _Toc125366334]Introduction and task brief

This report will explain how the Systems Engineering toolset introduced in this module can be applied to the houshold vacuum cleaner, (as seen on the front cover page) and how it has fallen short of expectations. It has failed to delight the customer (myself and my family), these failures will be identified in the discussion of key customer requirements. The following are points to be considered in order to proceed toward a solution:
	


These are fed into QFD1 (on the left as the WHAT
Key customer requirements 
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	[image: ]Figure 1: - Systems Engineering Design book process (Dave Holley, UWTSD Moodle, 2007)



[bookmark: _Toc125366335]2.    Key customer requirements 

Can be derived from the “voice of the customer” which can be captured in a number of ways, including: surveys, direct discussion or interviews, observation (Gemba visit), focus groups, customer specification, warranty data or field reports etc [1], as well as Use cases. Before carrying out a Use case (see Appendix), stakeholders must be identified by way of a stakeholder influence map. Once Key customer requirements have been defined, there must be definition of Customer Requirement Targets. This is then put in a matrix against the design requirements and scored with 9 = strong interaction or need, 3 = a medium interaction or need and 1 = a weak interaction or need in achieving that particular target. This is know as QFD1 as seen below:    

	[image: ]

	Figure 2: - QFD1 - Systems Engineering Design book process (Dave Holley, UWTSD Moodle, 2007)



This QFD1 can then lead to the production of an importance graph, the graph (as below) can give the user a visual reprsentation of what the most important design requirements are, in how they affect the customers requirements. This will give a focus for development towards the solution process. The chart shows that the most important funtion is the motor, followed by the power system and completeing the mission. 
	

	Figure 3: - Functional Importance Graph (Systems Engineering Design book process (Dave Holley, UWTSD Moodle, 2007)
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3. [bookmark: _Toc125366336]Critical system functionality 

Are simply the functions without which the system would not function effectively and efficiently. These are one of the outputs of QFD1 and are known as the How or the Design requirements. As in how are the WHAT or Key Customer Requirements going to be met, and what is needed to achieve them. Once the Critical system functions have been identified (in Requirements set and Required functionality) they can be used in a Function Means Analysis (FMA). In which the functions are placed in the Left Hand Side (LHS) column against Means (of means of achieving those functions). It is at this point that divergent thought is required to think of different ways of achieving these functions. As the process continues the choices will converge through selection and de-selection of options based on their suitability to the overall system process, operating conditions and performance criteria. Including constraints such as cost. Via a Function Means Selection, this is where the functions are inserted on the LHS vs the Means of achieving, but this time they are selected and de-selected as mentioned already. These FMA selections form different concepts which can then be placed into the top row of the System Pugh diagram. The System Pugh diagram then has the Required Functionality placed in the LHS column. The current system (the GTECH Air Ram) is also placed in the third column. The concepts are then evaluated against the current model and scored as a positive value i.e. 1 - if the concept achieves the required function more capably than the original or 2 if it achieves it in a far more superior way. If it only is capable of the same affect then it gets a 0 and if it underperforms in comparison it get a negative number. 




4. [bookmark: _Toc125366337]  Concept derivation and design choices, Potential failure modes and critical design features

The outcome of the FMA selection/de-selection and System Pugh Matrix gives rise to our concept derivation and design choices. These design choices then need to go through Design Failure Mode Effects Analysis (DFMEA) this essentially looks at the effect of the concept design choices and helps identify any emergent functionality. QFD2 can then be carried out, this time the design requirements from QFD1 + emergent functions from DFMEA etc are in the LHS column as the WHAT and the means or HOW of the chosen concepts are on the top row. The relationship scoring is then carried out, with strong = 9, medium = 3 and weak as = 1. This will allow the plotting of an importance graph, which will identify the Critical design features, which have the most effect on the functionality of the design. 

   
5. [bookmark: _Toc125366338]  The manufacturing processes and Critical process steps

Once the critical design features have been identified, it is important to assess what the potential noise factors are that may affect these features to enable mitigation via implementation of controls. There are three types of noise factor, these include: External i.e. collision with wildlife or humans or objects, Unit to Unit i.e. wear in the brushes of the motor or bearing in the roller and Deterioration i.e. wear in battery/charge circuit contacts. These are all identified by use of a P-diagram or Parameter Diagram and help identify key points that need to be addressed by means of the Critical process steps. Before this step is made QFD4 can be used to identify relationships between Part requirements from QFD2 (on LHS) against the manufacturing requirements. 


6. [bookmark: _Toc125366339]  Process control measure

Once the noise factors and controls have been identified they can be placed in a What Why table, this will allow the QFD process above to be rerun, but with a processing point of view in mind. This will allow the manufacturing requirements to be assessed against production requirements, this process is QFD4. Ultimately this output will allow the identification of important process controls (importance graph for visual ID), which will need to be implemented to give the desired output to the original customer specifications. 

7. [bookmark: _Toc125366340]Conclusion

[bookmark: _GoBack]All of these step and tools need to be included to have a good holistic approach to systems design and will help to structure choices made and justify decisions, as well as provide a record of options and potential threats to any part of the project. Once this sort of systems thinking is implemented, it should also help provide a good basis for safety culture also, as it identifies possible or potential hazards. Ultimately, in the case of UberVac, the addition of a detachable hose to clean corners would be the solution.
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9. [bookmark: _Toc125366342]Appendix
Use Case for “UberVac”
	Use Case: A clear verb/noun or actor/verb/noun that communicates the scope of the use Case
Use case for  “UberVac” house cleaning system

	Author Mike P
	Issue -1
	Reviewed: In 3 months
	Date 28/12/22

	Actors:- A list of actors who can engage in the activities described in the use case:-

Manufacturer: - Delivers compliant packed articles into the logistic chain.

Cleaner (myself): - 
· Programmes “UberVac” to cut the required area of grass to the required level
· Maintains “UberVac” system
· Provides fuel (electricity) to the “UberVac” system
· Operates “UberVac” in a safe and suitable manner

Head of household (the Wife): -
· Provides the specification for the level of cleanliness (Seasonal variations may apply).

Service provider (Shell Energy): -
· Provides power at the required rate and agreed cost to allow the “UberVac” system to replenish supplies

Environmental Lobby (the neighbours): -
· Provides specifications on ambient noise level


“UberVac” (Our System): -.
· Programmed with topographical and data to instruct regions and cut heights to be achieved
· Performs cutting operation without human intervention.
· Avoids inanimate objects.
· Avoids interaction with living organisms and areas of protected fauna.
· Avoids areas of excessive “tilt”.
· Avoids Sand trap hazards.
· Avoids water hazards.
· Does not venture out of bounds. 
· Returns after operation for reprogramming / replenishment of fuel



	Pre-conditions:- Anything that can be assumed to be true when the use case begins :-

· “UberVac” is well maintained and fully operational.
· The ambient weather forecast is set fair with little anticipated precipitation.
· Programmes for each area are available and accurate.
· The operators of the system are suitably SQEP.
· The starting points and end points for each programme have been defined.
· No unauthorised person has tampered with the programmes.








	Post-Conditions:- Anything that must be true when the use case is complete.
· “UberVac” has completed the cutting operation and has returned to the designated endpoint.
· Cutting have been collected or mulched.
· “UberVac” is upright and undamaged.
· Designated areas have been avoided
· There have been no fatalities, human or otherwise.


	Basic Flow: - The set of steps the actors take to accomplish the goal of the Use Case. A clear description of what the system does in response to each user action.

1. Replenish power supply > System is powered up and ready for use.
2. Programme system > System has data on what, where, how much and when to begin cutting operation.
3. Set system to programme start point > Item placed at operation start point
4. Activate system> System ready to operate at the appointed time.
5. Conduct diagnostic check > Ensure detection and operating systems functional before leaving device.
6. Device starts operation > Platform begins prosecution of mission.
7. Device in operation > programmed route followed and grass cut. 
8. Device completed operation > Cutting operation complete
9. Device returns to designated end point > Device at designated endpoint ready for collection, refuelling and reprogramming.




	Alternative Flow: - Captures alternative user/system interactions, such as what happens if data is entered incorrectly.

· Wrong Programme Loaded: - Wrong cut pattern achieved for designated area. Mission should abort. GPS system could give warning of starting in the wrong place.


	Exception Flow :- The things that can happen to prevent the user from reaching their goal

· Insufficient fuel: - Warning should be given before the start of the operation but if the systems runs out mission aborted.
· Undetected object damages cutter / motion system.:- Shut down and mission abort.
· Strike with undetected object:  Seek to navigate round object. If critical systems damaged the abort mission
· Rain: - Cease operation. Could include a wait function until shower has passed.
· Excess Tilt: - Abort mission.
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