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Question 1
The discussion should define and describe the six-sigma approach and the following diagram would be useful support:
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•	Define – the scope of the improvement project in terms of customer requirements and the process that delivers these requirements (inputs, outputs, controls and resources).
•	Measure – the current process performance & calculate the process capability.
•	Analyse – the difference between current & desired performance, prioritise problems & identify root causes.
•	Improve – generate improvement solutions to prevent problems recurring.
•	Control – implementing the improvement process, for example standards of operation IAW ISO 9000 or techniques such as SPC. 
The critical evaluation should cover the following key points:
Advantages:
•	Management by fact
•	Implementation steps clear
•	Logical approach
•	Key performance indicators based on data
•	Training in statistical techniques develops individuals
•	Engenders the team working approach
•	Project selection based on highest value
Disadvantages:
•	High investment in training required
•	Employees sought after by competing organisations
•	Focus on data can obscure the bigger picture such as the need for lean and 5s implementation i.e. getting the basics right.
 (25 Marks)
Question 2
(a)
•	Direct correlation – when variables tend to move in the same sense, i.e. if the amount of scrap is increased in a factory then the cost will correspondingly rise (this is positive correlation).
•	Inverse direct correlation – when variables tend to move in the opposite sense i.e. increasing order quantities that subsequently lower the unit cost of a product (also called perfect negative correlation).
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•	When completing scatter diagrams, we need to establish the ‘line of best fit’.
•	Plotting this line introduces an element of inaccuracy, therefore regression uses the law of a straight-line graph (Y=mx+c) to reduce errors and look at average movement of the individual scatter points towards the line of best fit. This formula can then be used to predict future performance based on existing data.
 (5 Marks)



(b) 
Step 1

	
	Nozzle angle (°)
	Strand Ø (mm)
	XY
	X2
	Y2

	
	3
	6.1
	18.3
	9
	37.21

	
	4
	7
	28
	16
	49

	
	5
	7.9
	39.5
	25
	62.41

	
	6
	8.8
	52.8
	36
	77.44

	
	7
	9.4
	65.8
	49
	88.36

	
	8
	9.9
	79.2
	64
	98.01

	
	9
	11
	99
	81
	121

	
	10
	11.4
	114
	100
	129.96

	
	11
	12.2
	134.2
	121
	148.84

	
	12
	13.1
	157.2
	144
	171.61

	Total
	75
	96.8
	788
	645
	983.84



Step 2

Using the formula: 

m = 788 – (75)(96.8)
               10___     =   788 - 726
645 – (75)2              645 – 562.5
10
m = 0.752

Find the Intercept = 
C = (75)(788) – (96.8)(645)
(75)2 – 10 (645)

C = 59100 – 62436      =   4.04
5625 – 6450

Therefore: y = 0.75 x + 4.04

Step 3: 
r =             788 – (75) (96.8) 
                                     10_________
     √[645 – (75)2 ] [983.84 – (96.8)2 ]
10  	10

r =     ___     __788 – 726________                       r =      ___62__
      √[645 – 562.5] [983.84 – 937.024]                        √3862.32

r = 62 / 62.15 = 0.99763
r2 = 0.995

Therefore @ 15°

Y = 0.75 (15) + 4.04
Y = 15.29
 (20 Marks)
Question 3
Answers expected to list and discuss 10 of the points
Internal
· Scrap
· Rework
· Repair
· Replacement
· Downgrading
· Loss of capacity
· Excess Inventory
External
· Customer complaints
· Warranties
· Returns
· Loss of future sales
· Recalls
· Product liability
(10 marks)
TQM – holistic, company wide, cultural change, RFT, feedback loops, recognises that everyone has an impact on meeting customer requirements.
QA – prevention of quality problems, methods employed to assure quality of process, system, and product.  Procedures, defining inspection/sampling levels/rates, customer satisfaction analysis etc. 
QC – controlling and monitoring the process to produce quality products, defining types of inspection, measuring quality against targets, the actual process of assuring quality through measuring PPM, AQL etc. 
Conformance – defines how well the product achieves the specification both at the point of production and by the end of life.
Inspection – the undertaking of measurements to feed into the quality system.  Typical types of inspection such as variables and attributes, types of inspection could also be in the answer.
(15 marks)
Question 4
The answer should identify that many industries that have implemented TPM have experienced quantum improvements in: MTBF, breakdown time, accident rates, morale, team working. TPM defines productivity in terms of machine reliability.  They should discuss TPM practices that include SMED, SPC, MTBF improvements etc., and require the evolution of maintenance management.  Other key factors that could be included/identified are:
•	Machinery that does not break down can aid manufacturing efficiency and productive capacity.
•	Lower repair and overhaul costs, fewer minor stoppages, fewer delays and better use of time and materials.
•	TPM is the holistic approach to machine maintenance. Maintenance of assets is carried out by small groups of autonomous teams.
•	The goal is to eliminate all waste generated from incorrectly maintained machinery.
The answer can compare & contrast breakdown Vs prevention philosophies, i.e.:
•	Reactive
–	Setting acceptable levels of production without considering machine condition.
–	Repair when machinery breaks down.
–	No planning for ‘knock on’ effects of a break down.
•	Preventive
–	Design maintainability into machinery and processes.
–	Identify sources of variation (processes & materials).
–	Monitor process performance.
Identify the four step method to TPM
•	Stabilise the ‘Mean Time Between Failures’ (MTBF). 
•	Systematically extend MTBF.
•	Develop planned maintenance schedules.
•	Monitor MTBF continuously and develop a more scientific approach to maintenance.
Develop a phased approach to TPM
•	Develop autonomous teams.
•	Institute a company wide cleaning regime.
•	Reinstate serviceability of all machinery.
•	Apply advanced engineering analysis to predict failure.
•	Design machinery for maintainability.
(25 marks)
Question 5
(a) The progression is:
1. forming 
2. storming 
3. norming 
4. performing 
Features of each phase: 
Forming - stage 1
High dependence on leader for guidance and direction. Little agreement on team aims other than received from leader. Individual roles and responsibilities are unclear. Leader must be prepared to answer lots of questions about the team's purpose, objectives and external relationships. Processes are often ignored. Members test tolerance of system and leader. Leader directs.
Storming - stage 2
Decisions don't come easily within group. Team members vie for position as they attempt to establish themselves in relation to other team members and the leader, who might receive challenges from team members. Clarity of purpose increases but plenty of uncertainties persist. Cliques and factions form and there may be power struggles. The team needs to be focused on its goals to avoid becoming distracted by relationships and emotional issues. Compromises may be required to enable progress. Leader Coaches.
Norming - stage 3
Agreement and consensus is largely forms among team, who respond well to facilitation by leader. Roles and responsibilities are clear and accepted. Big decisions are made by group agreement. Smaller decisions may be delegated to individuals or small teams within group. Commitment and unity is strong. The team may engage in fun and social activities. The team discusses and develops its processes and working style. There is general respect for the leader and some of leadership is more shared by the team. Leader facilitates and enables.
Performing - stage 4
The team is more strategically aware; the team knows clearly why it is doing what it is doing. The team has a shared vision and is able to stand on its own feet with no interference or participation from the leader. There is a focus on over-achieving goals, and the team makes most of the decisions against criteria agreed with the leader. The team has a high degree of autonomy. Disagreements occur but now they are resolved within the team positively and necessary changes to processes and structure are made by the team. The team is able to work towards achieving the goal, and also to attend to relationship, style and process issues along the way. team members look after each other. The team requires delegated tasks and projects from the leader. The team does not need to be instructed or assisted. Team members might ask for assistance from the leader with personal and interpersonal development. Leader delegates and oversees.
 (10 Marks)
	ROLE
	OBSERVED CONTRIBUTIONS

	 
	 

	CHAIRPERSON
	1. Clarifying the goals and objectives of the group.

	 
	2. Selecting the problems on which decisions have to be made, and establishing their priorities.

	 
	3. Helping establish roles, responsibilities and work boundaries within the group.

	 
	4. Summing up the feelings and achievements of the group, and articulating group verdicts.

	 
	 

	SHAPER
	1. Shaping roles, boundaries, responsibilities, tasks and objectives.

	 
	2. Finding or seeking to find pattern m group discussion.

	 
	3. Pushing the group towards agreement on policy and action and towards making decisions.

	 
	 

	PLANT
	1. Advancing proposals.

	 
	2. Making criticisms that lead up to counter-suggestions.

	 
	3. Offering new insights on lines of action already agreed.

	 
	 

	MONITOR/ EVALUATOR
	1. Analysing problems and situations.

	 
	2. Interpreting complex written material and clarifying obscurities.

	 
	3. Assessing the judgements and contributions of others.

	 
	 

	COMPANY WORKER
	1. Transforming talk and ideas into practical steps.

	 
	2. Considering what is feasible.

	 
	3. Trimming suggestions to make them fit into agreed plans and established systems.

	 
	 

	TEAM WORKER
	1. Giving personal support and help to others.

	 
	2. Building on to or seconding a member's ideas and suggestions.

	 
	3. Drawing the reticent into discussion.

	 
	4. Taking steps to avert or overcome disruption of the team

	 
	 

	RESOURCE INVESTIGATOR
	1. Introducing ideas and developments of external origin.

	 
	2. Contacting other individuals or groups of own volition.

	 
	3. Engaging in negotiation-type activities.

	 
	 

	COMPLETER FINISHER
	1. Emphasizing the need for task completion, meeting W" and schedules and generally promoting a sense of urgency.

	 
	2. Looking for and spotting errors, omissions and oversights.

	 
	3. Galvanizing others into activity.



 (15 Marks  3 marks for each role described 5 roles in total)
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