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Question 1
a) Identify and discuss in detail the steps involved in a Taguchi Design of Experiments (DOE). (10 marks)
b) The production of the coating material for DVD discs was subjected to a DOE.  One response variable was the deterioration of the disc output signal. (10 marks)
Four parameters were tested at three levels each:
A – Material type 	B- Process temperature
C – Processing time 	D – Type of additive
An L9 orthogonal array was used.  The results from the experiment are given in the following table:
	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


Determine the optimum parameter levels and predict the outcome.
c) You are provided with the following additional information:
	
	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%


How would this information affect the decisions you made in part (b) of the question? (5 marks)
Total for question 1, 25 marks
Question 2
Compare and contrast the following three strategic development techniques; SWOT, PESTLE and Porter’s Five Force Analysis.  
Describe each technique correctly giving examples of the external and internal factors considered by the techniques. 
Total for question 2, 25 marks
Question 3
a) The Japanese academic, Dr Noriaki Kano, developed a model to aid product and service design improvement.  It relates 3 factors; basic, performance and delight, and to their degree or level of implementation. Sketch the ‘Kano’ model and comment on each of the factors. (12 Marks)
b) Developed at Mitsubishi’s Kobe shipyard. Quality Function Deployment (QFD) translates the voice of the customer in product design, relating to ‘who’, ‘what’ and ‘how’. Quality Function Deployment
i) Give three reasons why a company should use QFD.  
ii) Sketch a simplified ‘House of Quality, describing what goes into the rows and columns.  
(13 marks)

Total for question 3, 25 marks


Question 4
A CNC machine was set to machine components to a length of 20mm and ten samples of five were taken every half hour from the last made. The following results were obtained:

	Sample No.
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	X1
	20.11
	20.13
	20.12
	20.06
	20.22
	20.13
	20.21
	19.96
	20.13
	20.2

	X2
	20.12
	20.04
	20
	20.14
	20
	20.04
	20.02
	19.97
	20.14
	20

	X3
	19.97
	20.1
	20.15
	20.23
	20.15
	20.11
	19.97
	20.21
	20.1
	20.5

	X4
	20.05
	20
	20.11
	20.11
	20.1
	20
	20.05
	19.9
	20
	20.11

	X5
	19.88
	20.2
	19.9
	20.12
	19.9
	20.22
	19.88
	19.9
	20.12
	19.99



a) Using the formula sheet provided (Appendix 1), plot the sample results on the average and range control chart (Appendix 2, which is to be removed from the examination paper and returned with your answer book) and calculate the upper and lower control limits. (10 marks)

b) Discuss the checks for special causes that should be carried out to determine whether or not the process is in a state of statistical control. (6 marks) 

c) The specification for the component is given as 20  0.25mm. Determine Cp and Cpk and discuss the suitability of the process. (9 marks)

Total for question 4, 25 marks


Appendix 1 Formula Sheet and table of constants











L = K(y-m)2
L = K [S2 + ( - m)2
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Appendix 2: SPC Control Chart
IF YOU ANSWERED QUESTION 4, REMOVE THIS PAGE AND RETURN WITH YOUR ANSWER BOOK
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Table of Control Chart Constants

X-bar Chart for sigma R Chart Constants S Chart Constants
Constants estimate
Sample
oo A As dy Ds D, B; B,
1.880 2.659 1.128 0 3.267 0 3.267
1.023 1.954 1.693 0 2.574 0 2.568
0.729 1.628 2.059 0 2.282 0 2.266
0.577 1.427 2.326 0 2.114 0 2.089

0.419 1.182 2.704 0.076 1.924 0.118 1.882
0.373 1.099 2.847 0.136 1.864 0.185 1.815
0.337 1.032 2.970 0.184 1.816 0.239 1.761

3
4
5
6 0.483 1.287 2.534 0 2.004 0.030 1.970
7
8
9

10 0.308 0.975 3.078 0.223 1.777 0.284 1.716
11 0.285 0.927 3.173 0.256 1.744 0.321 1.679
12 0.266 0.886 3.258 0.283 1.717 0.354 1.646
13 0.249 0.850 3.336 0.307 1.693 0.382 1.618
14 0.235 0.817 3.407 0.328 1.672 0.406 1.594
15 0.223 0.789 3.472 0.347 1.653 0.428 1.572
16 0.212 0.763 3.532 0.363 1.637 0.448 1.552
17 0.203 0.739 3.588 0.378 1.622 0.466 1.534 m
18 0.194 0.718 3.640 0.391 1.608 0.482 1.518
19 0.187 0.698 3.689 0.403 1.597 0.497 1.503
20 0.180 0.680 3.735 0.415 1.585 0.510 1.490
21 0.173 0.663 3.778 0.425 1.575 0.523 1.477
22 0.167 0.647 3.819 0.434 1.566 0.534 1.466
23 0.162 0.633 3.858 0.443 1.557 0.545 1.455
24 0.157 0.619 3.895 0.451 1.548 0.555 1.445

25 0.153 0. 0.565 1.435
Control chart constants for X-| MR (Moving Range) Charts.
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