Average Range and Attribute Charts

Question 1
Evans Engineering plc produces rolled steel strips.  Every hour a sample is taken from the process and the following data has been obtained of the thickness in mm of twelve sub groups.

	Reading
	09.00
	10.00
	11.00
	12.00
	13.00
	14.00
	15.00

	1
	2.55
	2.50
	2.52
	2.52
	2.50
	2.50
	2.51

	2
	2.51
	2.49
	2.48
	2.51
	2.49
	2.38
	2.47

	3
	2.50
	2.46
	2.47
	2.56
	2.48
	2.49
	2.49

	4
	2.47
	2.50
	2.53
	2.50
	2.49
	2.37
	2.49



	Reading
	16.00
	17.00
	18.00
	19.00
	20.00

	1
	2.50
	2.51
	2.52
	2.48
	2.52

	2
	2.52
	2.40
	2.51
	2.46
	2.49

	3
	2.49
	2.55
	2.49
	2.51
	2.51

	4
	2.47
	2.36
	2.49
	2.53
	2.52



Table Constants for calculating control limits

	n
	A2
	D3
	D4
	d2

	2
	1.88
	0
	3.27
	1.13

	3
	1.02
	0
	2.57
	1.69

	4
	0.73
	0
	2.28
	2.06

	5
	0.58
	0
	2.11
	2.33




a) Using the data above construct an average range chart to demonstrate if the process is in control or not.
(15 marks)

b) Comment on your findings from part a) and describe briefly some of the rules that can be used to interpret control charts.
(5 marks)

c) Explain what is meant by common cause and special causes of variation and the significance of each, in relation to the overall performance of the process.
(5 marks)


Question 2
Feed Ex produce small plastic discs.  Every hour a sample is taken and the following data has been obtained of the diameter of the discs in mm.

	Reading
	09.00
	10.00
	11.00
	12.00
	13.00
	14.00
	15.00

	1
	4.55
	4.50
	4.52
	4.52
	4.50
	4.50
	4.51

	2
	4.51
	4.49
	4.48
	4.51
	4.49
	4.48
	4.47

	3
	4.50
	4.46
	4.47
	4.56
	4.48
	4.49
	4.49

	4
	4.47
	4.50
	4.53
	4.50
	4.49
	4.47
	4.49

	5
	4.52
	4.53
	4.45
	4.51
	4.46
	4.53
	4.46



	16.00
	17.00
	18.00
	19.00
	20.00

	4.26
	4.41
	4.52
	4.48
	4.52

	4.46
	4.40
	4.41
	4.46
	4.39

	4.52
	4.55
	4.39
	4.51
	4.39

	4.39
	4.46
	4.49
	4.53
	4.40

	4.42
	4.42
	4.34
	4.50
	4.52



Table Constants for calculating control limits

	n
	A2
	D3
	D4
	d2

	2
	1.88
	0
	3.27
	1.13

	3
	1.02
	0
	2.57
	1.69

	4
	0.73
	0
	2.28
	2.06

	5
	0.58
	0
	2.11
	2.33




a) Using the data from the twelve samples construct a suitable control chart to demonstrate if the process is in control or not.
(12 marks)

b) The process has a specification of 1.495± 0.075mm.  Calculate values for Cp and Cpk and comment on your results.
(6 marks)

c) Explain the advantages of using SPC over conventional quality control methods.
(7 marks)


Question 3
Product quality is vital to the success of businesses and engineering projects.  Faults today have to be found early and rectified before the customer notifies you there is a problem

a) Optical Designs produces lenses for use in medical diagnostic equipment.  Every batch is sampled and a sample of constant size is taken and inspected for surface blemishes.  As the quality engineer responsible for this process analyse what kind of SPC chart could be used to monitor the process.
(6 marks)

b) Beams Lighting Ltd manufacture bulbs for car headlights.  Every hour samples are taken and tested.  The company currently uses proportion defective charting (p chart) to monitor the process.

From the results of the previous twenty samples the chart was up using the data below.

Mean proportion of rejects () = 0.015
Mean sample size (n) = 115

Control limits are set using

UWL at  + 2 x 

UAL at  + 3 x 

The following data was obtained from the next ten samples

	Number in samples
	92
	88
	120
	130
	128
	141
	107
	80
	95
	138

	Number of rejects
	4
	6
	2
	4
	6
	2
	3
	5
	4
	3



Construct a proportion defective control chart noting the control lines can remain static provided the sample size varies from the average size (n) by no more than ± 20%.
(15 marks)

c) Comment on your findings from part b)
(4 marks)


Question 4
Statistical process control (SPC) is a proactive way of monitoring processes for defective product.

Befordes Plastics Ltd produces lids for a range of jars and prints on them.  Every hour a sample is taken to check for defective product.  The following data was gathered over a 16 hour period.

	Sample 
	1
	2
	3
	4
	5
	6
	7
	8
	9

	No of defectives
	8
	12
	4
	22
	8
	10
	7
	19
	14

	Sample size
	120
	130
	108
	115
	140
	101
	112
	137
	114



	Sample
	10
	11
	12
	13
	14
	15
	16

	No of defectives
	15
	16
	11
	16
	8
	7
	10

	Sample size
	118
	123
	111
	109
	120
	102
	122



a) Construct a proportion defective control chart that demonstrates the current state of control of the process and comment on your findings.


(15 marks)

b) The following data has been obtained from another process making nails
Process specification = 2.75± 0.03mm
Grand Average = 2.74mm
Sample size = 4
Average range = 0.027mm
d2 = 2.06

Calculate the Cp and Cpk values for the process and comment on your findings.
(6 marks)
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Average Range and Attribute Charts     Question 1   Evans Engineering plc produces rolled steel strips.  Every hour a sample is taken from the process  and the following data has been obtained of the thickness in mm of twel ve sub groups.    

Reading  09.00  10.00  11.00  12.00  13.00  14.00  15.00  

1  2.55  2.50  2.52  2.52  2.50  2.50  2.51  

2  2.51  2.49  2.48  2.51  2.49  2.38  2.47  

3  2.50  2.46  2.47  2.56  2.48  2.49  2.49  

4  2.47  2.50  2.53  2.50  2.49  2.37  2.49  

 

Reading  16.00  17.00  18.00  19.00  20.00  

1  2.50  2.51  2.52  2.48  2.52  

2  2.52  2.40  2.51  2.46  2.49  

3  2.49  2.55  2.49  2.51  2.51  

4  2.47  2.36  2.49  2.53  2.52  

  Table Constants for calculating control limits    

n  A 2  D 3  D 4  d 2  

2  1.88  0  3.27  1.13  

3  1.02  0  2.57  1.69  

4  0.73  0  2.28  2.06  

5  0.58  0  2.11  2.33  

    a)   Using the data above  construct an average range chart to demonstrate if the process is in  control or not.   ( 15 marks )     b)   Comment on your findings from part a) and describe briefly some of the rules that can be used  to interpret control charts .   ( 5 marks )     c)   Explain what is meant by  common cause and special causes of variation and the significance of  each, in relation to the overall performance of the process.   ( 5 marks )      

