TPK 4140 Dec 2008
Problem 1

We are considering the maintenance of an emergency shutdown valve (ESDV). The ESDV has a hidden function, and it is considered appropriate to perform a functional test of the valve at regular intervals of length (. The cost of performing such a test is NOK 10 000. If the ESDV is demanded in a critical situation, the total (accident) cost is NOK 10 000 000. The rate of demands for the ESDV is one every 5 year. The constant failure rate of the ESDV with respect to safety critical failures is 2(10-6 (hrs-1). 

a) Determine the optimum value of ( by:

· Finding an analytical solution 

· Plotting the total cost as a function of ( 

b) 
In order to reduce testing it is proposed to install a redundant ESDV. The extra yearly cost of such an ESDV is NOK 15 000. Determine the optimum test interval if we assume that the second ESDV has the same failure rate, but that there is a common cause failure situation, with ( = 0.1. Will you recommend the installation of this redundant ESDV?

c)
Another failure mode of the ESDV will be spurious closure (SC). This means that it closes even though there is no need for a shutdown. To reduce this problem a full overhaul of the ESDV is proposed. Without such an overhaul the failure times are assumed to be Weibull distributed with Mean Time To Failures (MTTF) equal to 5 years, and ageing parameter (() equal to 4. The cost of such an overhaul is NOK 50 000, and the cost of a unintended shutdown is NOK 1 000 000. Determine the optimal overhaul interval.
d)
With respect to the SC failure mode data for ESDV valves not overhauled has been collected. Totally 11 failure times have been recorded: 20 000, 57 000, 61 000, 73 000, 13 000, 30 000, 35 000, 40 000, 46 000, 48 000, 50 000. Construct the TTT plot for the these data and comment on your result
e)
The TTT transform may be used to check the data points against the parametric distribution (Weibull). Insert these curves in your TTT plot and discuss the assumption of an aging parameter of ( = 4. Update the calculations in point 1c) when use ( = 3, and discuss the maintenance strategy.
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Figure 1 TTT transform for Weibull with aging parameter ( = 3 and ( = 4
Problem 3
We will consider the maintenance strategy for a pump in a process plant. The following parameters are of interest:

	Parameter
	Value
	Explanation

	MTTF
	17 520
	Mean Time To Failure (in hours). Failure times are assumed to be Weibull distributed.

	(
	3
	Aging parameter in the Weibull distribution

	CPM
	2 000
	Cost per PM activity, NOKs

	CCM
	7 000
	Cost per CM activity, NOKs 

	CUnavail
	3 000
	Unavailability cost per hour (upon failure of the pump) , NOKs

	CTrip
	50 000
	Additional cost of trip, independent of restoration duration, NOKs

	MDT
	8
	Mean Down Time (in hours)


a) Calculate the total cost per unit time for ( equal 6, 9 and 12 months (1 month = 730 hours) and find the maintenance interval that minimises the total cost.

b) Find an expression for the ( value that minimises the total cost by analytic calculus.

c) By modifying the layout of the production we can reduce the vulnerability. Rather than having the pump to feed the process directly, we will consider to pump in a storage tank, and then feed the process from the storage tank. The capacity of the storage tank is to be determined. Let B be the storage tank capacity. Find the probability that the tank will be empty in case of a pump failure when B = 8 hours. Also find the expected duration from the storage tank is empty until the process could start again, when we assume that we can feed from the storage tank as soon as the pump is restored. Hint: You could assume that the restoration time (down time) after a pump failure is exponentially distributed.
d) The yearly cost of production and operation of the storage tank is approximate 150 NOKs per hour capacity. Derive the cost function to minimize as a function of the maintenance interval ( and the storage tank capacity B. Find the optimum maintenance interval ( for B = 8 and 12 respectively. What maintenance interval and storage tank capacity will you recommend.
Formulas to apply

· Effective failure rate in (block) replacement model: 
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· The probability of failure on demand (PFD) for one component with failure rate ( and tested at intervals of length is PFD = (( /2

· The probability of failure on demand (PFD) for two components in parallel with failure rate ( and tested at intervals of length ( and common cause failure fraction ( is PFD = ((( /2 + [(1-()(( ]2/3.
Problem 3
For a similar, but older plant, we have recorded failure data for a similar pump that we are using in our new plant. In the old plant a corrective maintenance strategy was applied, hence all failure times are real failure times. The following times of failure were recorded (global time): 12 019, 36 470, 42 494, 69 606, 92 697, 101 017, 117 060, 135 483, 155 516, 174 747, and 188 871.
a) Use the global failure times to construct the Nelson Aalen plot. Explain how you from the Nelson Aalen plot may determine a trend, either increasing or decreasing number of failures per unit time. What does the Nelson Aalen plot tell you about the failure times given above.
b) Use the inter arrival times as a basis for constructing the TTT plot. Construct the TTT plot based on the inter arrival times. 

c) Indicate how you could estimate the parameters in the Weibull distribution. Rather than performing the estimation explicit, compare you TTT plot with the so-called TTT transform in Figure 1 for the Weibull distribution with ( = 3. Discuss the result.
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Figure 1 TTT Transform for the Weibull distribution with ( = 3

Solution

Problem 1

a)
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	Tau
	PM
	CM
	TripCost
	Ucost
	Tot (per hour)

	4
	0.685
	0.008
	0.056
	0.020
	0.770

	5
	0.548
	0.012
	0.088
	0.032
	0.680

	6
	0.457
	0.018
	0.127
	0.046
	0.647

	7
	0.391
	0.024
	0.173
	0.062
	0.651

	8
	0.342
	0.032
	0.226
	0.081
	0.681

	9
	0.304
	0.040
	0.286
	0.103
	0.733

	10
	0.274
	0.049
	0.353
	0.127
	0.803

	11
	0.249
	0.060
	0.427
	0.154
	0.889

	12
	0.228
	0.071
	0.508
	0.183
	0.990


b) 
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Taking derivative wrt ( yields:
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Solving with respect to ( yields:
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= 4 652  hours = 6.4 months
c) Probability that the tank will be empty = p = Pr(X>B|(=1/MDT=1/6) = e-B/MDT = 0.26

Expected downtime, given empty buffer equals MDT = 8 hours

d) 
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B = 8 hour capacity = > Minimum cost = 0.58 for ( = 9 months

B = 12 hour capacity = > Minimum cost = 0.59 for ( = 11 months

Go for B = 8, and maintain every 9 month.

Problem 4

a) Nelson Aalen plot
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No trend. Thus inter arrival times may be considered i.i.d

b) TTT plot:
	i
	T(i)
	T(i)
	T(i)+(n-i)T(i)
	i/n
	TTT

	1
	6024
	6024
	66264
	0.09
	0.35

	2
	8320
	14344
	89224
	0.18
	0.47

	3
	12019
	26363
	122515
	0.27
	0.65

	4
	14124
	40487
	139355
	0.36
	0.74

	5
	16043
	56530
	152788
	0.45
	0.81

	6
	18423
	74953
	167068
	0.55
	0.88

	7
	19231
	94184
	171108
	0.64
	0.91

	8
	20033
	114217
	174316
	0.73
	0.92

	9
	23091
	137308
	183490
	0.82
	0.97

	10
	24451
	161759
	186210
	0.91
	0.99

	11
	27112
	188871
	188871
	1.00
	1.00
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c) Establish the likelihood function, and then minimize. The likelihood function is just the product of the pdf’s since there are no censoring data points.

Very good match to the curve with (=3, hence Weibull is a good choice. Also (=3 is a good choice for the aging parameter. T(11) = T(i) = 188871, and T(11)/11 = 17170 is a good estimate for the MTTF, also in accordance with Problem 3.
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