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answer all of section A (Questions 1 Through 6)

answer TWO out of Three in section B ( Questions 7 through 9)

Equipment or materials required – None
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SECTION A

ANSWER ALL QUESTIONS

Question 1
Write a concise definition of a system.  Draw a simple systems diagram of a TV set to illustrate your answer.
(5 marks)

Score 3 for correct definition 2 for correct diagram
A system is an assembly of subsystems and/or components that converts inputs to desirable outputs that the subsystems and/or components are unable to deliver as individual items.
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Question 2 
What is the difference between chance cause and assignable cause variance?
 (5 marks)
Score 3 for correct definitions, additional 2 for correct examples.
Chance cause variation is the variation that is inherent within the system that is present all the time. The reasons for the variation can come from a number of different causes such that we are not able to assign a single cause to these fluctuations experienced. 
Assignable causes of variation are a single event that produces the variation observed. We are able to say that the reason the system behaviour has changed and the present system output is different from the last is due to this event.  The event can be:

· weather (season - time of day)
· a change in person
· equipment breakdown
· New batch of raw material
· unscheduled maintenance/repair


Question 3
A use case can be used to create a generic functionality, What are the other types of functional requirements that are required to add to the generic functional description?
(5 marks)

Score 1 for each type, bonus point for added description
Solution Dependent Functionality: A particular generic function solution may require further solution specific functionality. 
Legislation Dependent Functionality: legislation requires us to incorporate additional functionality. 
Architectural Functionality: At the system level the collected functional solutions require further functionality typically to support, align, contain and protect. 
Emergent Functionality: Functionality aimed at managing Unwanted Behaviour. Usually relates to informing the user of failure situations 


Question 4
What are the four types of requirement described in the KANO model.
Provide a brief description of each..
 (5 marks)
Score 1 for each type / description and a bonus point if accompanied by a diagram
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Question 5
Given a particular function for a system e.g. “Mix composition” name the failure modes attributable to that function.
 (5 marks)
Score one point for each mode
· No Mixing
· Too much mixing
· Too little mixing
· Intermittent Mixing 
· Unintended mixing


Question 6
What is a failure mechanism? Provide an example to illustrate your answer.

Score 3 for the correct definition and 2 for the additional example.

The failure mechanism is the physical or chemical process responsible for the failure.

In the case of the paperclip (and the Comet disasters) metal fatigue, in the case of some tracer failures corrosion or oxidation.


(5 marks)
















SECTION B
ANSWER TWO OUT OF THREE QUESTIONS

Question 7
For the smoke grenade system below derive a use case using the template provided.
Include an operational requirement.

15points
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Use Case for Smoke Grenade

	[bookmark: OLE_LINK1]Use Case: L8 smoke grenade is required to provide visual smoke range cover for a vehicle when fired from the appropriate launchers in salvoes of 8 or more grenades
Use case L8 Smoke Grenade

	Author Dave H
	Issue -1
	Reviewed ??
	Date 13/01/2022

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

Tanks Crew :- load grenades to dischargers and store spare salvo in bustle.

Tank Commander: - Fires salvo (Left or right as required) from commend position

Squadron Commander: - Details vehicle mission

Logistics  Crew :-  - Arrange delivery of the grenades to FOB



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

· Platform is serviceable with no damage 
· Dischargers are clean and free from obstruction.
· Discharger caps have been removed
· Ammunition manufacturer has delivered compliant articles
· There has been no sabotage of equipment 
· The ordnance and ammunition are free from visible defects
· The firing circuits are operational
· The tank crew and gun commander are well trained and competent


	Post-Conditions:- Anything that must be true when the use case is complete.
· Platform has survived grenade launch.
· Tank crew have grenade launch.
· Smoke screen deployed
· Dischargers are empty, intact and ready for reload
· Misfires or “duds” cleaned from dischargers and dischargers deemed serviceable


	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. Unpack grenades > Unpack grenades from H83 box
2. Inspect grenades > Check stores are undamaged
3. Load dischargers > Load one L8 grenade to each tube
4. Stow spare salvo > Stow spare grenades in bustle
5. Start trundle > Batten down the hatches and move off
6. Aim weapon > Gunner points turret at correct area for screen.
7. Fire salvo > apply ignition stimulus to firing charge when commanded by gun captain.
8. Delay effect > Smoke delivery delayed until grenades are correct distance from vehicle
9. Deliver effect > Smoke screen delivered
10. Reload > If safe to do so and mission still ongoing reload from bustle
11. RTB > Vehicle returns to base

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

No requirement for screen during mission
· Return to base
· Remove and inspect grenades
· Repack for next mission




	Exception Flow:-

· Wrong type of Ammunition loaded :- Drill or practice grenades installed. Irritant grenades installed
· Ingress of moisture :- Could result in “Sticker” or low velocity discharge. Mission failure. Poor timing of event if priming powder damp.
· Delay by-passed:- grenade burst in discharger.
· Fuse malfunction: Sticker










Draw a function flow diagram for the operation of the grenade. Label the functional nodes and label the inputs and outputs. 

10 points
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Describe how a functional FMEA could be used in order to develop the design process, Use a function from the function flow as an example.  Score 10 points.

Take a function “Delay Effect”
· No delay………Grenade hits the deck and does not function
· Too much delay………Grenade hits the deck…then functions ….screen diminished
· Too little delay………..Grenade functions prematurely, worst case in launcher with damage to platform 
· Intermittent delay…………….Grenades perform in a haphazard fashion mixture of the effects above
· Unintended delay……………..wrong delay element or manufacture used, grnades perform consistently but all go off in the wrong place.
Each of the failure modes should be considered and the magnitude or severity of the effect considered. Consider the effect at the soldier, platform and squadron level. The severity should be ranked 1 to 10 against defined criteria. E.g. A prematurely functioning grenade could damage the platform and remove it from the operation the crew would not be harmed (particularly, though fumes would be an issue, ) Severity 7.

Then look at the causes for each of the modes and evaluate the frequency of occurrence for each cause. The driving causes here would be poor assembly or damage due to a prolonged trundle. I’d score this 4. I know it happens but it is quite frequent rather than being all the time.

Finally look at the detectability how easy is it for the user to detect the occurrence of a failed delay. Well …this is very difficult if not impossible for the soldier to spot, so call it 10. 

This mean the responsibility to provide an accurate functioning delay is critical to the correct function of the grenade and thus the success of the mission. We need to put designmeasures in place to ensure a reliable system reaches the customer.


 (35 Marks)


Question 8
For the small arms round pictured below perform a top-level functional decomposition of the round and create a simple plot which shows the interrelationship between the various components. 10 points


[image: ]

Functional decomposition looks like this :-

· Bullet Jacket, stabilises round, damages target, seals round
· Bullet Core, damages target,
· Case, centralises cap, delivers propellant, obturates gun, removes heat, extracts case, Initiates motive force provider.
· Tapered walls, obturates round, Seals round
· Flash Channels, Initiates motive force provider, controls pressure
· Hole for primer, centralises primer, secures Primer, Seals round
· Crimped end, Holds bullet, controls pressure, Seals round
· Groove, extracts round
· Primer, initiates motive force provider
· Propellant, Provides motive force, Controls pressure
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For the small arms round, construct a P diagram highlighting the factors we control and any noises which might affect our ability to exercise that control.  10 points
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Construct a simple what why table to highlight key noises and controls and the control measures which may be required. 15 points
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(35 arks)
Question 9
You are about to install a new coffee machine in the University Foyer. 
Develop a stakeholder influence map showing the relevant stake holders, label the dataflows that occur between them and rank and justify the order in which the requirements will be sought from the various parties. 15 points
(35 marks)
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Describe a QFD1 matrix. What are the key features? How could it inform the design of the machine? How can it be used to create a test / trials programme and verify the relationships proposed. 20 points
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- What are the four types of requirement described in the KANO model.
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                                                                     Section A Question 4 • What are the four types of requirement described in the KANO model.  • Provide a brief description of each. • Score 1 for each  type /  desciption and a bonus point if accompanied by a diagram 
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L8 Screening Grenade
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                                                                          • Functional decomposition looks like this : - • Bullet Jacket, stabilises round, damages target, Seals round • Bullet Core, damages target, • Case, centralises cap, delivers propellant, obturates gun, removes heat, extracts case, Initiates motive force provider. • Tapered walls, obturates round, Seals round • Flash Channels, Initiates motive force provider, controls pressure • Hole for primer, centralises primer, secures Primer, Seals round • Crimped end, Holds bullet, controls pressure, Seals round • Groove, extracts round • Primer, initiates motive force provider • Propellant, Provides motive force, Controls pressure    
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                                                                            Manufacturing defects and material supply ned  careful monitoring as does maintenance of the  case profile. Tool wear is a key issue and it interacts with many  key dimensions. The manufacturing methods will require specific  control and scrutiny.
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                      Stakeholders  Machine  Manufacturers  Sugar  Suppliers  Environmental  Lobby  Facility  Managers  Fitters /  installers  Card  Suppliers  Product Safety (CE Marking etc.)  Services  (Electrical)  Legislators  Maintenance  Students (User)  Banks  Finance    Power details       Budget Business  Case Product  Specification      Compliant  Installation Ingredient  Requirements Power  Service Purchase  Specification Compliant  Product   Green Issues Payment Details “Green” Issues. sustainability  Services (Water)  Coffee  Suppliers Legal  Requirements Installation Standards Maintenance Schedule Drinks  Requirements    Royal Mint  Facility  Operators  Milk Suppliers   Product  Specification Maintenance Service The stakeholder map should  look something like this. It should map the key  requirements and data flows All flows labelled and no  double headed arrows It should reflect the required  inputs and outputs to the  System.
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                      Stakeholders  Machine  Manufacturers  Sugar  Suppliers  Environmental  Lobby  Facility  Managers  Fitters /  installers  Card  Suppliers  Product Safety (CE Marking etc.)  Services  (Electrical)  Legislators  Maintenance  Students (User)  Banks  Finance    Power details       Budget Business  Case Product  Specification      Compliant  Installation Ingredient  Requirements Power  Service Purchase  Specification Compliant  Product   Green Issues Payment Details “Green” Issues. sustainability  Services (Water)  Coffee  Suppliers Legal  Requirements Installation Standards Maintenance Schedule Drinks  Requirements    Royal Mint  Facility  Operators  Milk Suppliers   Product  Specification Maintenance Service Order of requirements  prioritised something like  this: - Users Operators Manufacturers Installers Finance
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                                                                      Simple diagram as follows             WHAT HOW                 HOW MUCH RQMT A    RQMT B RQMT C RQMT D RQMT E RQMT F Function 1  Function 2  Function 3  Function 4  Function 5  Function 6  Function 7  Main System  Purpose  (operational  requirements) Non - Functional  System  Requirements  Functional  Requirements  Non -Functional Performance Requirements
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                                                                       The fourth element of the QFD chart is the  HOW MUCHs  These are measures or metrics for the HOWs  and the associated target values for how  good the HOWs have to be in order to  satisfy the customer   The HOW MUCHs are the Non - functional  Performance Requirements and  “ flowed - down ” Non - functional System Requirements  Empty cells indicate where we need to  identify appropriate performance targets  For any particular HOW function there will  be many associated HOW MUCH metrics  and target values Determine  Targets and Ceilings  HOW MUCH is Enough?             RELATIONSHIPS WHAT HOW                 HOW MUCH
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                                                                    The “HOW MUCHs” complete the technical interpretation and comprises:   A metric or property and a value as a target, lower or upper limit. It is where most of the non -functional requirements align to the QFD structure. These can be very detailed and refer to other documents Example  
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Section A Question 1

Write a concise definition of a system. Draw a diagram of a TV set to illustrate your answer
Score 2 for correct definition 3 for correct diagram

A system is an assembly of subsystems and/or components that converts inputs to desirable outputs that the
subsystems and/or components are unable to deliver as individual items.
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