Problem 1

We are going to consider frequency of a major overhaul of a component on an oil production platform. We assume that the lifetime of the component is Weibull distributed, and that after such a major overhaul the component will be as good as new. The following parameters are relevant for the overhaul to be identified:
	Table 1 – Parameters used for the optimization 

	3
	Aging parameter

	MTTF
	36
	Mean Time To failure without maintenance (months)

	CPM
	8
	Cost of preventive maintenance (1000 NOK)

	CU
	60
	Total cost of unplanned failure (1000 NOK)


For the calculation you may use the following:

· The effective failure rate may be approximated:
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, where ((1.333) ( 0.893 and ((1.5) ( 0.886
· The TTT transform for the Weibull distribution for two values of ( is shown below:
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a) Find the optimal maintenance interval for the overhaul activity. 

b) The cost figure of 60 000 NOK per failure assumes that spare parts are available upon a failure. If a spare part is not available, the total cost of a failure will increase to 100 000 NOK (i.e., when no spare part available). The probability of spare parts available depends on the number of spare parts kept. Assume the yearly capital cost of each spare part is 1 000 NOK. Even if the strategy is to have a spare part available, the spare part might have been used by another component. The probability that one spare part will be available upon request if the strategy is to keep one spare part is 95%. If two spare parts are kept, the availability of a spare part is assumed to be approximately 100%. Determine the optimal number of spare parts to keep. Hint: You need to recalculate the overhaul interval for each value of spare parts.
c) On a similar oil installation the same component type have been used. For this installation a corrective maintenance strategy has been applied. Altogether eleven failure times have been reported from similar components on that installation: 2, 13, 42, 46, 37, 41, 50, 20, 33, 60 and 63. All failure times are in months. Construct a TTT plot for the data, and assess the relevant parameters.

d) In light of the new estimates for the relevant parameters, re-run the optimization. What is the “value” of data if you assume that the new estimates represents the “true” values.

Solution:

a) The analytical solution is given by: 
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==> ( = 16.3 months
b) To the failure cost we need to add an “extra” term, i.e., CE(n) depending on number of spares, n. The cost per unit time is:
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The optimal interval is now given by:
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Recalculating gives:

	n
	( (months)
	CE(n)
	CS(()

	0
	13.8
	40000
	870.4

	1
	16.2
	2000
	825.5

	2
	16.3
	0
	900.8


The best result is obtained for n =1 and, ( = 16.2 months
c) TTT-Plot

	T(i)
	T(i)
	T(i)+(n-i)T(i)
	i/n
	TTT
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	2
	2.00
	22
	0.09
	0.05
	

	13
	15.00
	132
	0.18
	0.32
	

	20
	35.00
	195
	0.27
	0.48
	

	33
	68.00
	299
	0.36
	0.73
	

	37
	105.00
	327
	0.45
	0.80
	

	41
	146.00
	351
	0.55
	0.86
	

	42
	188.00
	356
	0.64
	0.87
	

	46
	234.00
	372
	0.73
	0.91
	

	50
	284.00
	384
	0.82
	0.94
	

	60
	344.00
	404
	0.91
	0.99
	

	63
	407.00
	407
	1.00
	1.00
	


MTTF is estimated by T(11)/11 = 37. From the TTT transform we assess the aging parameter by (=2. 
d) By using the new estimates we get:
	n
	( (months)
	CE(n)
	CS(()

	0
	11.8
	40000
	1354.9

	1
	15.0
	2000
	1150.2

	2
	15.2
	0
	1216.2


It is still best to use n =1 and we get, ( = 15 months (which is lower than 16.2 as expected due to the lower aging parameter). Inserting ( = 16.2 (from c) in the equation for CS(() yields a total unit cost of 1153.4 which is not much higher, i.e. only 3 NOKs per month. (= value of data)
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