
ENGINEERING MANAGEMENT
Total Engineering Management



Task 1 
a) The steps included in the Taguchi Design of Experiments are:
· Variable Selection – an insight of the product/process will be needed before conducting the experiments as variables that will have an influence on the outcome will need to be selected.
· Level settings for each variable – once all variables have been selected, a number of levels for each variable will need to be assigned.  The number of levels will depend on how the performance parameter is affected by different level settings, for example a linear if the relationship was linear then only 2 levels would be needed.
· Select appropriate orthogonal array – the selection of the orthogonal array is based on the number of degrees of freedom in the study which depends on the number of independent variables that are present.  If the degrees of freedom were to equal 9, a minimum of 10 experiments would need to be conducted, therefore an L9 Orthogonal array would be suitable.
· Assign variable to each column – the order of variables in array is important as it will provide a unique combination of variables and factors therefore must be followed correctly.  Values for the levels must also be chosen appropriately.
· Carry out experiments – experiments are to be conducted as followed by the orthogonal array with the correct combination of factor and levels.
· Analyse the data – due to the mixture of independent variables being used in the experiments, the unique effect of the levels must be segregated t be analysed appropriately to see which level was most suitable for that product/process.  This will be done for all variables and the optimum combination of factors and levels will be chosen and assessed for suitability. (Grosse, I., 2020)







b) From the L9 orthogonal array, a table was created of the summary of results which can be seen below.
	Summary of results

	Factor and Level
	Total Deterioration
	% Defective

	A1
A2
A3
	42
96
44
	23.1
52.75
24.2

	B1
B2
B3
	88
56
38
	48.35
30.78
20.88

	C1
C2
C3
	56
68
58
	30.77
37.36
31.87

	D1
D2
D3
	56
52
74
	30.77
28.57
40.66

	Totals
	182
	

	Optimum Combination
	A1, B3, C1, D2
	



From the table we can see that the optimum parameter levels would be A1, B3, C1 and D2.  From the given parameters an outcome could be predicted where a more expensive material and type of additive would be used alongside a longer process time in order to reduce the defect value.  The process temperature would also influence the costings involved due to a higher temperature would speed up the process but result in higher energy costs. 
c) From the additional information provided for the levels, it became evident that the optimum combination resulted in the highest material cost, highest process temperature, longest process time while the percentage of additive was in the mid-range.  This would cause costs to be very high for the process while there is possibility for alternative levels to be selected that would not drastically affect the % defective.  For example, by using A3, a saving of £300/load can be seen while only increasing the % defective by 1.1%.  Similarly, by cutting the process time by half an hour results in only a 1.1% increase but would save money in production costs.  From this information, the decision for the optimum parameters could be influenced towards A3, B2, C3 and D1, resulting in a £300/load saving, -25oC on the process temperature, half an hour taken off the process and 2% less additive used while seeing very little difference toward the % defective. 


Task 2
A SWOT analysis is interested in the strengths, weaknesses, opportunities and the threats that an organisation may face.  The strengths will include the aspects of the business that are excelling and can include the businesses reputation, a large customer base and unique processes etc.  The weaknesses will be the factors that stop the business from optimally performing and where improvement is needed.  Opportunities can include new trends or products that the company can take advantage of and use to boost performance or profits.  Threats can be seen as competitor companies advancing or rising costs for materials/processes which may result in loss of earnings.  (Grant, M., 2020)
A PESTLE analysis takes a closer look at the following factors – 
· Political – governmental factors such as taxes and regulations,
· Economics – how economic growth, interest and inflations rates etc will affect the business,
· Social – this looks at the lifestyles and buying habits in the social environment the market is based in,
· Technological – focusses on the positive and negative affects of technology on the business operations, for example automation of a process.
· Environmental – businesses must follow government targets and try to reduce their carbon footprint and waste management.  
· Legal – this takes a closer look employment laws and ensures the business is aware of what is and what is not legal when trading. (Strategic Management Insight, 2013)
Porter’s 5 Forces is more interested in the competitive environment of the business and helps to identify suitable strategies to keep the competitive edge over rival companies.  The five forces are:
· Supplier power – the ease of which suppliers can increase their prices.  It also looks at the number of essential suppliers and the opportunity and costs of switching suppliers.
· Buyer power – this investigates the potential for buyers to try decrease the price that are being charged by the company.  It will take into consideration the number of customers the company has and how valuable each customer is; a business with a small number of valuable customers is more likely to be dictated terms by the buyers.
· Competitive rivalry – this looks at the number of competitive companies on the market and their capabilities of attracting customers away from the business.
· Threat of new entry – this looks at the potential for new entrants to enter the market and taking sales away from the business.  Factors like patents, starting capital and company reputation can reduce the possibility for this to happen drastically.
· Threat of substitute products – if a competitor was to produce a similar product, customers would be more likely be attracted to a lower price therefore prices must be kept competitive.
Comparing each analysis type, the SWOT analysis focusses on a company’s strengths and weaknesses along with its opportunities to excel and potential threats that reduce profits.  PESTLE analysis is more concerned with external factors that in some cases the business has no control over.  Certain factors require the business to adapt which can result in boosted profits.  Finally, Porter’s 5 forces focus on the competitive environment that the business is in as well as the power that external companies hold over the prices of products.


Task 3 
a) From fig 1 below, 3 factors can be seen to make up the Kano Model, these factors are:
Basic – the basic factors are those that are expected from the customer, are usually unspoken and are expected to work as they should.  For example, if a customer was to buy a car, they would expect the car to start and be able to drive from a destination ‘A’ to ‘B’.  Basic attributes do not drastically boost customer satisfaction as they are expected by the customer, hence a large degree of dissatisfaction would be a result of basic attributes not being there.  
Performance – these attributes have a direct relationship between the achievement and the customer satisfaction.  A company who invests more money into these attributes will most likely see higher customer satisfaction but will obviously increase the price of the product which may which reduce the customer range.
Delight – Delight factors are attributes that are out of the ordinary and done unexpectedly, going above and beyond the required specification of a product for example.  It is almost the opposite of the basic attributes as there is no dissatisfaction if the customer does not receive them as they are not expected, but in the situation where they are present the customer will gain great satisfaction. (Baynard Institute, 2012)
 
Task 2b Fig 1 – Baynard Institute, 2012, Kano Model.

i) Three reasons a company should use QFD are:
· The critical attributes are analysed and weighted with regards to importance, this will allow the focus to be placed on the highest weighted areas to ensure customer satisfaction.  It is a customer driven process for planning and products that will provide what the customer wants, therefore by keeping customers happy they will return for future business.
· QFD identifies the final product requirements at an early stage in the process allowing to work backwards in order to find out the best method of reaching the end product.  This will give faster implementation of processes as well as problem elimination at much earlier stages, as a result this will reduce the overall time it will take to produce the product and also boost production efficiency allowing for reduced costs which can be passed on to the customer.
· Due to the large scale communication across various departments, QFD will also boost the intra-organisations communication and teamworking skills which will can be carried forward to future projects, as a result this may reduce more time and save  more money on the full product cycle time in the long run. (Stewart, D., 2017)




ii) When using a house of quality, the three important questions are Who are customers? What does the customer need? and how will the customers’ needs be satisfied?  The ‘whats’ are recorded in rows and the ‘hows’ are recorded in the columns as seen in fig 2.  Fig 2 – Ernest & Young, 1982, House of Quality


Initially, the customers’ needs are determined and then weighted with regards to importance.  The importance rating alongside the competition ratings are placed from left to right across the diagram.
The technical design requirement section converts the ‘whats’ into ‘hows’ and are placed from top to bottom in order of requirements or ratings against the competition. 
The central relationship matrix makes up the core the of the diagram and shows the ‘whats’ vs the ‘hows’ and each requirement is assessed against the technical design development.  The technical interactions are what makes up the roof of the house, where each characteristic is assessed against the others. (Baxter, R., 2015)
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Task 4
[image: ]a)  The data gathered from the experiemnts were plotted and an average and range control chart, as seen below in excel charts provided.. 
The upper and lower control limits were also calculated by using the following formulae:



Where A2  = 0.58, provided from the control chart constant table.
The process average  was calculated by = 20.08, and  was calculated by .
Therefore,

 = 19.92

The range UCL was also calculated by , where D4 = 2.11 from the control chart constant table, UCL
[image: ]All of which can be see in the excel chart below.
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b) If special causes were to be present in a particular process, they could be identified on a control chart from the fact that the readings will fall outside of the control limits and will not follow the original distribution.  Another indication of special causes is that the readings do not fall randomly within the control limits, this may be due to the distribution changing shape or has moved its location.  special causes will stop the process from being predictable overtime and will need to be resolved immediately by operators or technicians as a special cause can usually be fixed locally as they are usually caused by environmental factors or from the process input parameters.  (WhatisSixSigma, 2020)
c) In order to calculate sigma, Cp and Cpk for the process control, the following formulae were used:
σ =  , where D2 = 2.33 and  = 20.08, therefore 
      d2

Cp = Total specified tolerance = 
       		6  

Cpk = Upper Specified Limit -  	or 	   - Lower Specified Limit
3						3



[image: ]Therefore, Cpk is 0.504 as the value cannot exceed that of Cp as the constant k is a number between 0 and 1.
When Cp = 1, the mean data is directly centre between the upper and lower limits.  In this scenario the Cp = 0.72 therefore indicates that the data is found more towards the upper limit.  Using the capability ratio where if the inverse of Cp is equal to > 1, the process is seen to be not suitable.  1/0,72 = 1.39, therefore the process is not capable to perform the task. (Hessing, T., 2014)

Task 5
The five stages of Tuckman’s team progression are: 
1. Forming stage – this is the initial stage where the group first gather, there is politeness, excitement for the task ahead and a possible anxious feeling of what is to come.  There is also slight confusion about how each person is going to contribute to the group, but individual responsibilities are known.    
2. Storming stage – this where team members start to connect, and individuals begin to assert their roles in the group.  Conflict can occur where disagreements happen due to difference in working styles and also personalities may clash. Ground rules should be set early on to avoid such situations and leadership must take control where necessary.
3. Norming Stage – this is usually a productive stage where team members begin to understand each other’s roles and responsibilities.  The team understands how they all need to operate to progress with the task ahead, constructive criticism will be given where necessary as the team feel more committed to completing the task. 
4. Performing stage – the team has bonded and are able to tackle new problems with ease by working together, momentum has picked up and the team are achieving results, and all share the same mindset of achieving the end goal.  There is no resistance to new tasks being set and everyone is helping each other where necessary.   
5. Adjourning stage – this stage was brought into the list at a much later date than the previous four stages.  Being a part of a successful team gives an individual a sense of purpose and achievement and bonds have been created between the team members.  When the end goal has been achieved the team must disband which can leave a sense of grief from the loss of the bonds between one another. (Welcome Insight, 2020)
The implications for team activities can be seen to allow team members to become comfortable with one another and learn to work together to approach a given task and use their individual strengths to achieve the end goal.  Team activities will promote the growth of the bond mentioned previously and individuals will become familiar with one another and also get to know each other’s strengths and weakness and offer help or constructive criticism where necessary in order the team to reach the ‘performing stage’ where they a successful team with the same vision to achieve the same end goal.


Bibliography
Grant, M. 2020, SWOT Analysis, [online] Available at: < https://www.investopedia.com/terms/s/swot.asp > [Accessed on 9th May 2020]
Strategic Management Insight, 2013, PESTLE Analysis, [online] Available at: < https://strategicmanagementinsight.com/tools/pest-pestel-analysis.html > [Accessed on 9th May 2020]
CGMA, 2013, Porter’s Five Forces, [online] Available at: < https://www.cgma.org/resources/tools/essential-tools/porters-five-forces.html > [Accessed on 9th May 2020]
Baynard Institute, 2012, Kano Model, [online] Available at: < https://baymard.com/blog/kano-model > [Accessed on 10th May 2020] 
Stewart, D., 2017, Advantages of QFD, [online] Available at: < https://bizfluent.com/info-8705664-disadvantages-quality-function-deployment.html > [Accessed on 10th May 2020]
Grosse, I., 2020,  Taguchi Method DOE, [online] Available at: < http://www.ecs.umass.edu/mie/labs/mda/fea/sankar/chap2.html > [Accessed on 11th May 2020]
Baxter, R., 2015, House of Quality, [online] Available at: < https://vgpblog.wordpress.com/2015/08/16/generating-value-by-using-house-of-quality-quality-function-deployment/ > [Accessed on 12th May 2020]
Welcome Insight, 2020, Tuckmans Stages of Group Development, [online] Available at: < https://welcomeinsight.com/tuckmans-stages-of-group-development/ > [Accessed on 15th May 2020]
What is Six Sigma, 2020, Special process Variation, [online] Available at: < https://www.whatissixsigma.net/special-cause-variation/ > [Accessed on 16th May 2020]
Hessing, T., 2014,  Statistical process Control, [online] Available ta: < https://sixsigmastudyguide.com/process-capability-cp-cpk/ > [Accessed on 16th may 2020]
13

image2.png




image3.png
Customer

satisfaction

delight

attributes

Degree of
achievement

performance

attributes

basic

attributes




image4.png
Customer

satisfaction

delight

attributes

Degree of
achievement

performance

attributes

basic

attributes




image5.png
Fle  Home

Clipboard &

Page6ofs 1297 words

Insert

i3

Design  layout  References  Mailngs  Review  View  Help 1 Share

218 &

Editing | Dictate | Editor

© Comments

AaBbCcl AaBbCeDe /320

TNormal  NoSpacing  Heading 1

Paragraph styles
o QFD identifies the final product requirements at an carly stage in the process allowing

to work backwards find out the best method of reaching the end product.

[ Voice | Editor

This will give faster implementation of processes as well as problem climination at
‘much carlier stages, as a result this will reduce the overall time it will take to produce
the product and also boost production efficiency allowing for reduced costs which can
be passed on to the customer.

o Due to the large scale communication across various departments, QFD will also
boost the intra-organisations communication and teamworking skills which will can
be carried forward to future projects, as a result this may reduce more time and save

‘more money on the full product cycle time in the long run.

i) When using a house of quality, the three important questions are Who are customers?
What does the customer need? and how will the customers” needs be satisfied? The ‘whais’
are recorded in rows and the *hows’ are recorded in the columas.

AssceninFig 2,

Engish (United Kingdom) i Foaus

B H B

= 1 + 100

H P Type here to search

@ o x [@ Scher | @ Micre | @ Chap
<

c 0

Apps @ CSG Moo

costt

oo |

e @ NetStorage @ Books @ ¥ ¥ musclefood

Figure 1 The house of quality
Technical
Interactions
HOWS vs. HOWS

tuckn | ] Tuckn | 9 Gener | +

& moode colegsirgar.acuk/pluginfile.php/236420/mod resource/content/0/QFD.pdf

Customer requirements. Technical design

Customer rafing.

The ‘WHYS’
Worse Better
1 5

The 'WHATS' requirements
The HOWS
Central relationship
Prime | Details matrix
|

WHATS vs. HOWS

Importance rank

WHATS vs. WHYS

Technicallcost
rankings
The 'HOW MUCH'

HOWS vs. HOW
MUCH

Technical ratings
(benchmarks)

Target values of technical
characteristics (including costs)

ing the Measure and An
iny can take to meet the

ize phase. The goal of
customers’ needs. Itis

alyze

Recent Articles

Practical Examples Enhance LSS
Training

I Your Organization Ready to
Implement Six Sigma?

>

>





image6.png
Fle  Home

Clipboard &

Page6ofs 1297 words

Insert

i3

Design  layout  References  Mailngs  Review  View  Help 1 Share

218 &

Editing | Dictate | Editor

© Comments

AaBbCcl AaBbCeDe /320

TNormal  NoSpacing  Heading 1

Paragraph styles
o QFD identifies the final product requirements at an carly stage in the process allowing

to work backwards find out the best method of reaching the end product.

[ Voice | Editor

This will give faster implementation of processes as well as problem climination at
‘much carlier stages, as a result this will reduce the overall time it will take to produce
the product and also boost production efficiency allowing for reduced costs which can
be passed on to the customer.

o Due to the large scale communication across various departments, QFD will also
boost the intra-organisations communication and teamworking skills which will can
be carried forward to future projects, as a result this may reduce more time and save

‘more money on the full product cycle time in the long run.

i) When using a house of quality, the three important questions are Who are customers?
What does the customer need? and how will the customers” needs be satisfied? The ‘whais’
are recorded in rows and the *hows’ are recorded in the columas.

AssceninFig 2,

Engish (United Kingdom) i Foaus

B H B

= 1 + 100

H P Type here to search

@ o x [@ Scher | @ Micre | @ Chap
<

c 0

Apps @ CSG Moo

costt

oo |

e @ NetStorage @ Books @ ¥ ¥ musclefood

Figure 1 The house of quality
Technical
Interactions
HOWS vs. HOWS

tuckn | ] Tuckn | 9 Gener | +

& moode colegsirgar.acuk/pluginfile.php/236420/mod resource/content/0/QFD.pdf

Customer requirements. Technical design

Customer rafing.

The ‘WHYS’
Worse Better
1 5

The 'WHATS' requirements
The HOWS
Central relationship
Prime | Details matrix
|

WHATS vs. HOWS

Importance rank

WHATS vs. WHYS

Technicallcost
rankings
The 'HOW MUCH'

HOWS vs. HOW
MUCH

Technical ratings
(benchmarks)

Target values of technical
characteristics (including costs)

ing the Measure and An
iny can take to meet the

ize phase. The goal of
customers’ needs. Itis

alyze

Recent Articles

Practical Examples Enhance LSS
Training

I Your Organization Ready to
Implement Six Sigma?

>

>





image7.png
Average and Range Chart

Fle  Home Insert  Pagelayout  Formulas Data  Review  View  Help & Share & Comments
il ;W ol Jn A A 2 Wisp Txt eneral B 7 [voma 8ad Good Newwl | BB R B | ZMesm Ay O | 4
A Copy ~ — e Fill ~
paste e egetiCenter ~ | EH - % 9 |63 9 | Conditional Formatas [Calculation explanatory... [ |z | et Delete Format Sortd Find& | Ideas
< Sromatpanter | Y IE Hegeaemt B %0 [ BR | i~ Tbie~ e LT T | Qe e select+
Clpboara 5 Font 5 Aignment 5 Number stytes celis Ediing Ideas ~
P12 - % v
A B c D 3 G H M N [ Q R s B
1 Process Control Chart
2 20.50
ER T
4
5 20.30 Zonea
6 20.20 Zone B
w
7 |lo 20.10 ZoneC
8 :Cenne 20,00
9 |w line zZonec.
> 19.90
10| Zones
11 1980 Zonea.
12 19.70
13 19.60
AT N
15 1 2 3 4 5 6 7 10
16
1.00
7 e
LS 0.80
19
w
20| 0.60
21 Z centre| g4
22 | line
23 0.20
24 0.00
25 1 2 Plotfres 4 5 6 7 10
2
27 [Sample No. 1 2 3 4 B 6 7 8 9 10
28 o 2011 2013 2012 20.06 2022 2013 2021 19.96 2013 20.7]
29 e 20.12 20.04 20 20.14 20 20.04 20.02 19.97 20.14 20
30 s 19.97 20.1 20.15 20.23 20.15 2011 19.97 2021 20.1 205
31 e 20.05 20 2011 2011 20.1 20 20.05 19.9 20 20.11
32 xs 19.88 20.2 19.9 20.12 19.9 20.22 19.88 19.9 20.12 19.99
33 [Sum 100.1 [100.5 [100.3 [100.7 100.4 [100.5 100.1 [99.9 [100.5 [100.8 Sums -
Sheet1 | Sheet2 | Sheet3 ® < v

H P Type here to search





image8.png
Average and Range Chart

Fle  Home Insert  Pagelajout  Formulas  Data  Review  View  Help & Share & Comments
il % E;y ) ol Jn A A 2 Wisp Txt eneral < B B [vomal 8ad Good Neww - | BB OER H inw v O 4

paste Sromatpanter | BT Y- E~ Merge & Center ~ | TB~ % 9 G0 -1 r(;,:daﬁ;';i r;;y:‘:evas Calculation Explanatory .. [ImpuE ][5 st B R © Cler~ é‘at:'sf ;2\":(5 Ideas
Cipboara 5 Font 5 Agnment 5l wme syes cens ating geas &

B27 - fo v
A B 9 D E F G | J L M N P Q R S -

26 T

27 [Sample No. 1 2 3 4 B 6 7 8 9 10

28 by 20.11 20.13 20.12 20.06 20.22 20.13 20.21 19.96 20.13 20.2]

29 o 20.12 20.04 20 20.14 20 20.04 20.02 19.97 20.14 20|

30 s 19.97 20.1 20.15 20.23 20.15 20.11 19.97 20.21 20.1 20.5

31 e 20.05 20 20.11 20.11 20.1 20 20.05 19.9 20 20.11

32 s 19.88 20.2 19.9 20.12 19.9 20.22 19.88 19.9 20.12 19.99

33 [Sum [100.1 [100.5 [100.3 [100.7 100.4 [100.5 [100.1 [99.9 [100.5 [100.8 Sums

34 [Mean [20.03 [20.09 [20.06 [20.13 [20.07 [20.10 [20.03 19.99 [20.10 [20.16 200.75] 20.08] Process Average]

35 [Range 0.24 0.20 [0.25 0.17 0.32 0.22 033 0.31 0.14 0.51 2.69] 0.27] Average Range]|

36

37

38 Average UCL = 20.23 L= 19.92

39

40 Range UCL = 0.57 L= o

41

42 Process Control:

43 o= 0.12 Cp= 0.72

44

45 Cpk = 0.504 or 0.940

46 Therefore Cpk is 0.504

47

48 Zone width = 0.05

49 Band at 20.13 20.02

50 20.18 19.97

51

52 Specification 20+ /-0.25

53

54

55

56

57

58 =

Sheet2 | Sheet3

Sheetl

H P Type here to search





image9.png
Average and Range Chart

Fle  Home Insert  Pagelajout  Formulas  Data  Review  View  Help & Share & Comments
il % o catbr Jo A A 2 WiapText Nomber < B B [vomal 8ad Good Newsl o ERERE] | IMenc by O 4
Pajte ot Iu- E. o Merge & Center ~ | KB~ % 9 | 8 % r(;y:daﬁ;':‘v Fm:«js Calculation Explanatory _ = \nien De\vete Fm:ﬂat © Cler~ é‘at:'sf ;2\":(5 Ideas
apbears o 5 Aignmert 5 wme  w ses cos ating e N
E40 M fe | =2117035 v
A B C N o P Q R S -
21|Z Centre| (49
22 : L Ty e -
23 0.20
24 0.00
25 1 2 3 4 5 6 7 9 10
26
27 [Sample No. 1 2 3 [4 5 [6 7 8 9 10
28 Xy 20.11 20.13 20.12 20.06 20.22 20.13 20.21 19.96 20.13 20.2]
29 Xy 20.12 20.04 20 20.14 20 20.04 20.02 19.97 20.14 20|
30 xs 19.97 20.1 20.15 20.23 20.15 20.11 19.97 20.21 20.1 20.5]
31 Xs 20.05 20 20.11 20.11 20.1 20 20.05 19.9 20 20.11
32 Xs 19.88 20.2 19.9 20.12 19.9 20.22 19.88 19.9 20.12 19.99
33 [Sum 100.1 [100.5 [100.3 100.7 100.4 [100.5 100.1 [99.9 [100.5 100.8 Sums
34 [Mean [20.03 [20.09 [20.06 [20.13 [20.07 [20.10 [20.03 19.99 [20.10 [20.16 200.75] 20.08] Process Average]
35 Range [0.24 [0.20 [0.25 [0.17 [0.32 [0.22 [0.33 [0.31 [0.14 [0.51 2.69] 0.27] Average Range]
36
37
38 Average UCL = 2023 L= 19.92
39
40 Range UCL = 0.57] L= o
41
42 Process Control:
43 o= 0.12 Cp= 0.72
44
45 Cpk= 0.504 or 0.940
46 Therefore Cpk is 0.504
47
48 Zone width = 0.05
49 Band at 20.13 20.02
50 20.18 19.97
51
52 Specification 20 +/-0.25
53 =

Sheetl

Sheet2 | Sheet3 |

H P Type here to search





image1.png




