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Exercises on Estimation of reliability
parameters from experimental data
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Exercise 1

A feedwater pump of an energy production plant 1s characterized by a constant faillure rate. In order
to assess the performance of the pump, a right censored test of the first type 1s carmed out on 10
identical pumps. The duration of the test 15 £y = 500 hours for each pump. Table 1 reports the

observed failure times.
Table 1. Results of the reliability tests on the 10 pumps.

Pump I | Pump 2 | Pump 3 | Pump 4 | Pump 5 | Pump 6 | Pump 7 | Pump 8 | Pump 9 :’Emp
No No No No
fallure fatlure | fatlure | fatlure

205 99 during |91 458 during | during | during | 43 35
the test the test | the test | the test
time ime ume time

You are required to:
| ) estimate the pump failure rate using the method of maximum likelihood;
2) what s the 95% two-sided confidence interval of the pump mean time to failure.
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Exercise 2

The failure time of a new type of industrial filter 1s an exponential
random variable having an unknown value A. A group of twenty
filters are being monitored and, at present, their failure times are (1n
weeks):

1.2, 1.8, 2.2, 4.1, 5.6, 8.4, 11.8", 13.4", 16.2, 21.7. 29°, 41, 42",
42.4*.49.3, 60.5, 61%, 94, 98, 99.2",

where an * next to the data means that the filter 1s still working,
whereas an unstarred data point means that the filter failed at that
time.

1. What 1s the maximum likelithood estimate 4, of 4.
2. What 1s the 90% two-sided confidence interval of 4.
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Exercise 3

The number of defective rivets, D, on an airplane wing can be
assumed to have a Poisson distribution with parameter 2, 1.e.,

ﬂd"e—ﬂ
d!

P(D=d)= , d=012...

A random sample of » wings 1s observed and (d4,d>,...,d, )
defective rivets are found.

1. What is 2,,,, the maximum likelihood estimator of 1?

2. Is this estimator unbiased?
3. Find the method-of-moments estimator of 1.
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Exercise 4

Let p be the probability of failure on demand of a new type of relief
valve used in energy production plants. Considering past
experience on similar relief valves, an expert suggests that p can
have only three values:
p, =5-10"% p, =1-1073, p3 =5-1073 . Furthermore, the
expert has observed the operation of similar valves in energy
production plants for a long period of time and he proposes to use
the following prior distribution for p:

P(p =py) =0.2
P(p =p2) =0.6
P(p =p3) =0.2

The new type of relief valve is then used for 1 year and 2 failures to
start over 500 demands are observed. You are required to:

a) update the probability distribution of p;
b) Compute the probability that the new type of valve will have |
0 failures out of 3 demands
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Exercise 5

The time to failure 7 (years) of a certain item 1s an exponential
random variable with probability density function:

p(t) =le ™, t >0

From prior experience we are led to believe that A 1s a value of an
exponential random variable A with probability density function:

T'(A) =2e 241> 0

1. Estimate the item reliability at a time 7= 1 year.

2. 1if we have a sample of 3 item failure times: (71, 2,13)=(1;2.8;2.2),
find the posterior distribution of A, the new estimation of the item
reliability at time /=1 year and the 95% upper confidence limit of
A (numerical solution of the integral 1s not required).

3. What 1s the maximum likelithood estimation of A and its 95%
upper confidence limit using Frequentist statistics?
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Exercise 6

Two independent and identical cables feed an important node in a power distribution network. Assume that
the failure time of each cable 1s an exponential random variable with the (same) failure rate 4. Assuming that
the following failure times have been data collected during a right censored test of the first type performed on
ten cables with test duration equal to 15years:

'S

1 7.7 55 11.7 106 74 91 10.7 89 12.5[inyears]

You are required to:
Qla) estimate the parameter A using the method of maximum likelihood;
Qlb) estimate the 95% two-sided confidence interval of the cable failure rate;

Qlc) repeat Qla) following a Bayesian approach. Assume that according to an expert, the prior distribution
of A 1s:

P'(2) = 0.1e7%4

Qld) Consider the following maintenance strategy: each time a cable fails, a maintenance intervention
(repair) 1s immediately performed. During maintenance, the power distribution 1s interrupted. The cost of the
repair 1s 10000 €, whereas the cost of the power distribution mterruption 1s 30000 €. You are required to
estimate the average overall cost of the cables maintenance strategy in one year for the grid owner.

- I POLITECNICO DI MILANO




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5: Exercise 1
	Slide 6: Exercise 2
	Slide 7: Exercise 3
	Slide 8: Exercise 4
	Slide 9: Exercise 5
	Slide 10: Exercise 6

