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Section A
Question 1
A system is a group of individual elements which work together to perform a function and fulfil a need that the parts couldn’t do individually.
INPUTS
OUTPUTS
Sound
Images
Power
Signal
User Controls
TV turns on





Question 2
The chance causes of variance are commonly occurring variances due to processes or manufacture and tend to follow the normal distribution, such as slight variations in tolerances from unit-to-unit produced. It can never be fully eradicated from the system but can be predicted and controlled.
Assignable cause variation is a one-off or intermittent variation usually caused by some deviation from the specified process and can be identified through troubleshooting or problem-solving. Each individual occurrence is unpredictable but can be removed once it has occurred.
Question 3
The functional requirements are:
· Solution dependent functionality
· Legislation dependent functionality
· Architectural dependent functionality
· Emergent functionality
Question 4
The four types of requirements from the Kano model are:
· Expressed requirements
· Basic Requirements
· Assumed Requirements
· Delight Requirements
Expressed requirements are the requirements the customer provides.
Basic Requirements are the requirements that must be met to perform the desired function
Assumed requirements are the requirements the customer wants but did not feel needed mentioning as the customer feels they should be included as standard
Delighters are requirements the customer may not know they want but will increase the customers’ delight in the final system. Over time delighters can become assumed or basic requirements.
Question 5
The fiver failure modes are:
· Too much
· i.e. The composition is not mixed sufficiently
· Too little
· i.e. The composition is mixed too much
· Intermittent
· i.e. The mixing takes place intermittently rather than continuously
· Unintended
· i.e. The wrong composition is mixed
· Not
· i.e. The composition is not mixed at all
Question 6
A failure mechanism is the underlying cause for a failure mode occurring over time, normally originating from a failure in the design or handling.
For example, the root cause of failure of a ruler snapping could be the user constantly flexing it which then caused mechanical stress in the ruler over time weakening it before it finally snapped. 


Section B
Question 7
Operational Requirement for L8 Screening Grenade:
To obscure and screen the launch vehicle and its movements from visible and infra-red detection methods for a minimum of ten seconds.
Use Case for L8 Screening Grenade
	Use Case: A clear verb/noun or actor/verb/noun that communicates the scope of the use Case
Use case for L8 Screening Grenade

	Author 
	Issue -
	Reviewed 
	Date 

	Actors:- A list of actors who can engage in the activities described in the use case:-
· Loader of items onto vehicle
· Driver of vehicle
· Commander of vehicle
· Person responsible for launching items
· Enemy combatants (people from whom the vehicle is to be hidden)


	Pre-conditions:- Anything that can be assumed to be true when the use case begins :-
· Vehicle is mobile
· Screening is required


	Post-Conditions:- Anything that must be true when the use case is complete.
· Vehicle has moved


	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.
· Vehicle loaded
· Vehicle leaves “safe” area
· Enemy identified
· Direction of travel determined
· Vehicle commander issues orders
· Items are launched
· Obscuring effect created
· Vehicle moves within obscurant effect
· Vehicle returns to “safe” area


	Alternative Flow:- Captures alternative user/system interactions, such as what happens if data is entered incorrectly.
· Obscurant not launched
· Obscurant launched at wrong time
· Vehicle moves out of obscurant effect
· Obscurant effect doesn’t last sufficient time for vehicle manoeuvres


	Exception Flow :- The things that can happen to prevent the user from reaching their goal.
· Obscurant effect not formed
· Enemy uses other wavebands to view vehicle – obscurant not effective
·  Wind drives away obscurant effect



Function Flow Diagram
Enemy Spotted


Driver informs vehicle commander


Confirmation


Commander confirms signting


Orders Given

Commander orders launch of obscurant
Commander orders driver to prepare for manoeuvres


Confirmation
Confirmation

Driver confirms orders

Firer confirms orders/sequence/amounts/etc

Preparation
Preparation

Inputs sequence information, removes cover off button
Visually checks route and prepares vehicle


Orders movement
Executes launch
Informs commander
Executes manoeuvres
Informs commander

Visual check of cover provided
Confirmation




Functional FMEA
Functional FMEAs can be used to develop the design process by working through the potential ways a system/sub-system or function can fail. High occurrence and high severity failures can be identified through the scoring process and so all the failure modes and mechanisms can be prioiritised. This then allows the designer to address the most likely and severe failure mechanisms and add in greater controls to the design and reduce the likelihood or severity of the failure happening.
For example, the FMEA on the deployment of an obscurant from the vehicle can be seen below and it shows that the trigger signal in important and not currently well controlled so a designer might wish to add more controls. 
	Process Function
	Potential Failure Mode
	Potential Effect(s)
	Severity
	Potential Cause(s)/Mechanism(s) of Failure
	Occurrence
	Current Process Controls
	Detection
	RPN
	Recommended Actions

	Deploy from vehicle
	Too much – too many canisters deployed concurrently
	Not sufficient stock for future deployment
	3
	Repeated launch signal
Wrong sequence inputted
Wrong sequence received

	3

1

1
	Confirmation checks on orders and commands
	9

6

3
	15

10

7
	Simple trigger mechanism


	
	
	Obscures drivers’ view
	6
	
	
	
	
	
	

	
	Too little – not enough canisters deployed
	Screening effect not sufficient
	9
	Launch failure
Trigger signal failure
	6
6



	
	3

6
	18

21
	Trigger confirmation
Simple trigger mechanism

	
	Intermittent – canisters deployed but not in correct sequence
	Screening effect patchy
	9
	Trigger signal failure
Launch failure
Timing sequence failure
	6

3
9
	
	6

3
3
	21

15

21
	Clean trigger signal
Secondary launch mechanism
Timing sequence check

	
	Unintended – canisters deployed when not required
	Not sufficient stock for future deployment
	3
	Short on trigger signal
Wrong command given
Wrong command heard
Accidental button push

	3

6

9

9
	
Button covered
	9

6

6

9
	15

15

15


	
Double check on button push

	
	
	Obscures driver’s view
	6
	
	
	
	
	
	

	
	Not – no canisters deployed
	No screening effect
	9
	Trigger failure
Launch failure
No command given
No command inputted
	3
3
1
3
	
	61
1

1
	18
11
15
13
	Launch confirmation signals





Question 9
Stakeholder Influence Map

Gives requirements for ease of use

User wants inform manufacturer what kind of machines to build
Provides requirements of what food/drinks they will purchase
User

Manufacturer/Stockist
Their wants inform the bursar which machine to buy (crisps/ chocolate/drinks)
Provides options to Bursar for purchase

Applies a cost limit for available choices

Provides maintenance requirements


University Bursar

Tells maintenance what uni can afford
Informs bursar what types of machine they can maintain
Maintenance supplier



Gives requirements for ease of use

Content Stockist

Dictates size of things that can fit in machine



Stakeholder Rankings
1.  Manufacturer
2.  User
3.  Contents Stockist
4.  Bursar
5.  maintenance
The manufacturer is the most important as they’re cost determine what the bursar con afford and their designs show how much the maintenance will be, what contents the stockist will be able to fit in and whether the contents will meet the user’s requirements.
The user is the second most important as meeting their requirements will determine whether or not the machine is used and is therefore profitable to the bursar and content stockist which will determine whether future products are purchased from the same manufacturer.
The machine will only have ongoing use if the stockist can access the internal compartments easily to re-stock and can fit in the items they are able to procure. Similarly, the maintenance team need to be able to access the machine and perform their tasks but they need to meet the bursar’s requirements for cost making the bursar a more important customer.

QFD 1 Matrix
A QFD 1 is the first of the four QFD houses and is generally done early in the design to match customer’s expressed requirements with the non-functional requirements (implementation, performance and system) identified using other tools. The relationship between each of the customer requirement and each of the non-functional performance requirement is given a score of 0, 1, 3 or 9 where 0 is no relationship, 1 is a weak relationship and 9 is a very strong relationship.
The expressed requirements can be ranked on importance by the customer and any measurements or targets can be placed in the right-hand side. 
The combination of the importance on the customer requirement and the relationship to each functional requirement is combined to create a score for the requirement. The score for each function is made up of the sum of the importance multiplied by the ranking for each customer requirement and is displayed at the bottom.
These scores show the designer what areas are most important in terms of the customer’s importance and the number of and relationship to each of customer requirements. These functions are then identified as areas of design which need more care and attention as they affect more and more important customer requirements.
The designers’ targets are placed at the bottom; these are the things that will need to be tested in a trial programme to ensure that the requirements from the functions are being met by the design. For example, the customer may require the system is active and powered for a set length of time. That may require different functions to be able to be active for different lengths of time, which can be expressed as designer targets. 
Example layout of QFD 1:
Customer expressed requirements
Importance
Non-functional performance requirements 
Customer metrics/
specification
Score- importance x relationship
Designers’ targets
Relationship score
(0, 1, 3 or 9)
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