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[bookmark: _Toc40965845]Task 1
A) [bookmark: _Toc40965846]DOE
The design of an experiment involves the following steps
1. Selection of independent variables
2. Selection of number of level settings for each independent variable
3. Selection of orthogonal array
4. Assigning the independent variables to each column
5. Conducting the experiments
6. Analyzing the data
7. Inference
‘A structured, organized method for determining the relationship between factors (Xs) affecting a process and the output of that process (Y). ‘ (ISIXSIGMA, 2018)
B) [bookmark: _Toc40965847]Applied DOE
	L9
	A
	B
	C
	D
	Deterioration

	1
	1
	1
	1
	1
	20

	2
	1
	2
	2
	2
	12

	3
	1
	3
	3
	3
	10

	4
	2
	1
	2
	3
	48

	5
	2
	2
	3
	1
	28

	6
	2
	3
	1
	2
	20

	7
	3
	1
	3
	2
	20

	8
	3
	2
	1
	3
	16

	9
	3
	3
	2
	1
	8



Total Deterioration =182
Average = Total deterioration/ number of tests = 182/9 = 20.222
Mean A1= (20+12+10)/3= 14
Mean A2= (48+28+20)/3= 32
Etc….
This can then be entered into the table below
	 
	A
	B
	C
	D

	1
	14.00
	29.33
	18.67
	18.67

	2
	32.00
	18.67
	22.67
	17.33

	3
	14.67
	12.67
	19.33
	24.67

	diff
	0.67
	6
	0.66
	1.34

	rank
	2
	4
	1
	3


The optimum combination is A1+B3+C1+D2. These have been highlighted in green
This combination will produce the DVD with the least possible deterioration.
The greater the difference is, the more significant the change in factor. This is how they are ranked in order of importance. This can also be represented by plotting the response graphically. 
[image: ]
Predicted deterioration outcome (A1+B3+C1+D2)-3T
 (14+12.67+18.67+17.33) – (3x20.22) = 2.01

C)

	
	LEVEL
	1
	2
	3

	A
	Material cost (£/load)
	2,500
	2,400
	2,200

	B
	Process temperature (oC)
	600
	625
	650

	C
	Process time (hours)
	2
	1.75
	1.5

	D
	Percentage additive
	2%
	4%
	6%



Considering this information provided by the manufacturer, the combination of A3, B3, C3, D2 could be used.
This would save on material cost and process time for a minor increase in deterioration: -
(14.67+12.67+19.33+17.33) – (3x 20.22) = 3.34
1.33 increase in deterioration for a reduction of £300 material cost per load and reduce process time by 25%.

[bookmark: _Toc40965848]Task 2
[bookmark: _Toc40965849]SWOT 
Strengths and weaknesses are internal factors and can, to some extent, be managed. Opportunities and threats are external factors and are harder to control.
· Strengths – characteristics of the business that give it a competitive advantage. 
E.g. a technological advantage such as a patent.

· Weaknesses -characteristics of the business that make it less competitive.
Lack of funding

· Opportunities – aspects of the businesses external environment that present possible ways to increase profits
Change in legislation that could lead to increased demand.

· Threats – aspects of the businesses external environment that could cause a loss of profit or market
Material cost increases
[bookmark: _Toc40965850]PESTLE 
PESTEL assesses the external factors that affect a business 
· Political
Brexit, government policy, government incentives
· Economical
Increasing labour costs, inflation, currency exchange
· Social
Social trends, lifestyle, safety.
· Technological
Innovation, automation, research and development.
· Environmental
Weather, climate change, environmental policies
· Legal
Employment laws, copyright and patent laws, consumer rights

[bookmark: _Toc40965851]Porters five forces 
looks at the market and the environment the company is operating in. It is used to assess the strength of the businesses position and can also be used to assess a competitors strength. 
· Threat of new entry- how easily could a new competitor enter the market.
· Buyer power – the power of the buyer to drive down prices.
· Supplier power – the power of the supplier to increase prices or withhold supplies.
· Threat of substitution – the possibility of customers using a different product instead.
· Competitive rivalry – the strength of the competition.
A swot analysis is generally used to assess a business’s internal potential and choose a strategy, a PESTLE analysis looks at the external factors that make up the environment the business is operating in. Porters five forces defines how competitive the environment is.



[bookmark: _Toc40965852]Task 3
[bookmark: _Toc40965853]3A Kano Model
The Kano model is a tool used by development teams to prioritize features of a product based on how the customer will perceive them. Different features can be organised into three main factors:- Delighters, Performers and Must haves.
The automotive industry has many of these features to consider when developing a new model. For example, 
· Automatic braking is a new sophisticated technology that would be considered a delighter. Delighters are unexpected features or characteristics that impress customers and earn the company a better reputation.
· Cruise control has become more common in cars and would be a performance factor. Performance factors are the features that the customer expects and will be disappointed if not present.
· Electric windows would be considered a must have factor. The customer may not specifically request these features, they are just expected. The absence of these features would be extremely dissatisfying.
Developers must consider whether the feature and the cost of the sophisticated technology is worth the investment and which factor will it fall into.
Over time these features become more common and move down into the lower factor. In the past, electric windows and cruise control would have been in the delighters category but as technology moves forward, they become less sophisticated and more common. 

[image: ]
‘The horizontal axis of this figure indicates how fully functional a product/service is. The vertical axis indicates how satisfied the customer is. The line going through the origin at 45 degrees, represents the situation in which customer satisfaction is directly proportional to how fully functional the product/service is.’ (Stroud, 2019)





[bookmark: _Toc40965854]3B QFD
Benefits of Quality Function Development. 
· Less time in development-
More time is spent initially at the beginning of the project to thoroughly define the requirements of the product or process. This means there will be less changes, redesigns, and engineering changes later in the process. Any change made later in the process is far more time consuming than early changes.

· Less start-up problems/ complaints
By focusing on the requirements of the customer and not the innovation of technology, it is possible to reduce initial problems and complaints. Listening to the voice of the customer and carrying out market research to determine:-
WHO are the customers?
WHAT does the customer need?
HOW will the customers needs be satisfied? 
Enables the development team to get the product right the first time with no major changes required.

· Fewer field problems

By identifying what features add value to the product for the customer, the developers can decide where to invest capital in innovation that will please the customer and reduce field issues. 


‘Quality Function Deployment, or QFD, is a method used to identify critical customer attributes and to create a specific link between customer attributes and design parameters.’ (Clark, 1992)





[bookmark: _Toc40965855]House Of Quality
[image: ]
1) Customer attributes- represents the voice of the customer. market research carried out to determine WHAT the customer wants and needs.
2) Engineering Characteristics- HOW the customer will be satisfied. This section represents the designers solutions. 
3) Relationships- Indication of the correlation between the customer attributes and the engineering characteristics. 
4) Technical matrix- compares the hows with how much. Should include benchmarks and the target values.
5) Technical correlations- determines which characteristics are possible and which are contradictory
6) Planning matrix- used to compare features with alternative product in the market.

‘QFD is a tool to help structure product planning and design and aims to ensure that customer needs are focused on throughout a project from concept design through to manufacture. At the heart of QFD is the House of Quality which links predetermined customer attributes to specific technical characteristics.’ (Moultrie, 2016)



[bookmark: _Toc40965856]Task 4 SPC
A)
[image: ]

[image: ]
C) [bookmark: _Toc40965857]Special and Common causes
Common causes
 The process will be stable and the output predictable over time.
Random, inherent variation, natural events. Sometimes called random or inherent process variation. If common causes are present, then all the readings will fall randomly inside the normal distribution curve.  There will therefore be no changes to the distribution as shown above.
Identification of common causes require management action on the system.  The system may then be improved.

Special causes
Assignable causes, freak causes due to identifiable events
If special causes are present, then one of two things will occur on the control chart:
1. The readings will fall outside the control limits and therefore outside the original distribution
2. The readings will not fall randomly inside the control limits, indicating that the distribution has either changed shape or has moved its location.
These changes are indicated above, and the process will not be predictable over time.
Special causes require local action by operators and technicians to identify the reason for the change.
The process can then be brought back into control.


D) [bookmark: _Toc40965858]Cp and Cpk
[image: ]
The Cp (spread) and Cpk (spread and shift) are both less than 1. This indicates that the variability is outside the limits .


[bookmark: _Toc40965859]Task 5 – Belbin and Tuckman
Dr Meredith Belbin and his team devised a theory of nine clusters of behaviour, known as ‘Belbins Team Roles.’  These nine roles can be carried out by fewer team members and will be required at differing times throughout a team’s performance. Tuckmans theory studies the stages a team goes through rather than individual roles assigned. Although both theories aim for the same outcome, a high performing team.
‘Tuckman studied teams from formation to completion of a task and identified crucial stages in a team’s life cycle. Belbin’s observations of teams uncovered nine Team Roles, which describe ways of contributing and interrelating in a team.’ (The Belpin Team- Victoria Bird, 2017)
Following Tuckmans theory of team progression, there are five key stages that most teams will go through. First is the ‘forming’ stage. This can be an unproductive period, where members of the team are getting to know each other, and where they fit in. Some may take charge of the situation and look to lead the team for example. Others may sit back and evaluate proceedings.
After initial meetings, the team then moves on to a period of ‘storming.’ This is a crucial time for any team, and issues such as personality clashes, can lead to a reduction in productivity. Time can be wasted on fruitless tasks and ‘subgroups or factions can end up pushing in different directions with little progress. 
If a team can successfully emerge from the ‘storming’ stage, then they move into the ‘norming’ stage. Team performance should increase here. The team should have resolved any issues or conflicts, leaders will have emerged, and ideas should be forged about how to progress. However, this can be a precarious time for some groups and there is a risk of unresolved disagreements resurfacing. If this were to happen a group will find themselves back in the ‘storming’ period.
A productive team would then hope to be moving onto a period of ‘performing’ and hitting the peak of team effectiveness. It is expected that everyone will be working towards clear goals at this point, through organisation and maturity. Any conflict at this stage should be dealt with efficiently through collective problem solving.
The final of the five stages of Tuckman’s theory is that of ‘adjourning.’ A time of reflection and finishing tasks. The bulk of the team’s objectives should now be complete. Depending on the nature of the team, it may disband, and members move onto new projects. However, it may be that the team has a new objective to move onto, in which case they would return to the beginning of Tuckman’s cycle.
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