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Question 1
One of the main reasons for often carrying out maintenance is to improve the capability of a process or a machine.

a) Using the data below from a cutting process perform a machine capability study to ascertain whether the machine is capable or not.  Comment on your findings.
(18 marks)
	Sample
	Reading
	Sample
	Reading
	Sample
	Reading

	1
	24.70
	18
	24.74
	35
	24.68

	2
	24.68
	19
	24.70
	36
	24.70

	3
	24.70
	20
	24.76
	37
	24.64

	4
	24.66
	21
	24.68
	38
	24.70

	5
	24.72
	22
	24.76
	39
	24.74

	6
	24.78
	23
	24.68
	40
	24.70

	7
	24.72
	24
	24.74
	41
	24.68
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	24.68
	25
	24.80
	42
	24.72

	9
	24.74
	26
	24.78
	43
	24.78

	10
	24.70
	27
	24.72
	44
	24.66

	11
	24.66
	28
	24.62
	45
	24.76

	12
	24.76
	29
	24.74
	46
	24.72

	13
	24.72
	30
	24.66
	47
	24.70

	14
	24.68
	31
	24.66
	48
	24.68

	15
	24.74
	32
	24.74
	49
	24.72

	16
	24.72
	33
	24.64
	50
	24.70

	17
	24.70
	34
	24.72
	
	


Specification 24.69 ± 0.05

b) Evaluate what factors should be addressed prior to undertaking a machine capability study.
(7 marks)

Question 2
Reliability centred maintenance (RCM) analysis provides a structured framework for analyzing the functions and potential failures for a physical asset with a focus on preserving system functions, rather than preserving equipment.

a) Explain the seven basic questions that the RCM process must address using an example to support your answer.
(14 marks)

b) In the context of RCM discuss why it is important to evaluate the effects of failure and to identify the causes of failure.
(11 marks)



Question 3
Lighter Engineering manufacture discs for use in central locking systems.  Every hour a sample is taken and the following results have been obtained on the thickness of the discs in mm.

	Reading
	14.00
	15.00
	16.00
	17.00
	18.00
	19.00
	20.00
	21.00
	22.00
	23.00

	1
	8.55
	8.50
	8.52
	8.52
	8.50
	8.50
	8.51
	8.50
	8.51
	8.52

	2
	8.51
	8.49
	8.48
	8.51
	8.49
	8.38
	8.47
	8.52
	8.40
	8.51

	3
	8.50
	8.46
	8.47
	8.56
	8.48
	8.49
	8.49
	8.49
	8.55
	8.49

	4
	8.47
	8.50
	8.53
	8.50
	8.49
	8.37
	8.49
	8.47
	8.36
	8.49



	Reading
	00.00
	01.00

	1
	8.48
	8.52

	2
	8.46
	8.49

	3
	8.51
	8.51

	4
	8.52
	8.52



Table 1 Constants for calculating control limits

	Sample size
	A2
	D4
	d2

	2
	1.88
	3.27
	1.13

	3
	1.02
	2.57
	1.69

	4
	0.73
	2.28
	2.06

	5
	0.58
	2.11
	2.33



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

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

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



Question 4
A vast number of processes rely on the efficient combustion processes to be able to operate cost effectively and legally.

a) In terms of combustion processes explain what is meant by the following terms: -

(i) Activation energy								(2 marks)
(ii) Exothermic reaction							(2 marks)
(iii) Enthalpy change								(2 marks)

b) An experimental burner is being developed that burns pure carbon in the presence of pure oxygen, in which the combustion conditions can be changed.  The input of carbon is at a rate of 24g/minute using the following data below determine the following:

∆H Carbon dioxide = -394 kJ/mol
∆H Carbon monoxide = -112 kJ/mol 
∆H Hydrogen = -286 kJ/mol 

(i) The amount of heat produced when 20% of the carbon burns to carbon monoxide (CO) and remaining 80% burns to carbon dioxide (CO2).
(6 marks)

(ii) After further changes in the experimental system it is found that 70% of the carbon burns to give carbon dioxide (CO2), 20% burns to give carbon monoxide (CO) and 10% of the carbon is unburnt.  What is the current rate of heat production?
(6 marks)

(iii) Calculate the percentage loss of potential heat in (i) and (ii).  Maximum heat release from carbon is 788 KJ/min
(4 marks)

(iv) Comment on your results from (i), (ii) and (iii)
(3 marks)
