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Abstract

In the article elements consisting on uncertairftyetiability assessment of the MC type diesel eadiubricating
oil system have been discussed. The conceptiome#rtainty analysis of the system reliability assesnt, on
computational example, has been introduced. Monedhre interpretation of the received result - bened with large
uncertainty, has been proposed.
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1. Introduction

The key problem in making reliability analysis gsgems, like lubricating oil system for diesel
engine, is getting credible reliability data, whiale the entrance data to created mathematical
models. The probabilities of suitable technicahedats failures are on generality these data, as
well as the probabilities of the human errors (crawich exploits those technical devices).

Problem in this place appears - where from to difeage data. The sources of reliability data
for technical structures can be: tests, data gathetth operation, experts' opinions. To estimate
human errors probabilities the methods applieduiciear energetic can be used, where they be led
on wide scale. The description of these methodscandind in foreign literature [2, 8, 10, 12, 13,
14] as well as in national studies [3, 7].

We should remember, that reliability assessmenédinical devices and energetic systems is
always burdened with uncertainty, which we trynitsoduce as some numerical interval, including
in our conviction marked value (reliability for gm period of time). In this place we should
underline clearly, that there is no certainty neteat appointed interval contains really in demand
value. This is because of lack of full knowledgewbsystem, his surroundings and influences
inside the system and in relationship system -osunalings.

Applying the clean probabilistic approach to relif§p assessment in such conditions is in the
author's opinion inappropriate. The calculus ofbatulity requires the possession of exactly
definite data of relating random events. In pragtinn the best case we can dispose with large
number of empirical data, which will allow us toaljfy the statistical rights (the distributions of
random variables) relating to elements of consdiesgstem. However, it is proper to turn the
attention, that the distribution of random empiricariable, used in statistics, it is not the same
what the distribution of probability density furmti. We take into account fact this applying
interval estimation in demand value, what simultarsty the uncertainty of reached result reflects.

In many situations we possess a small set of statislata or we have outright to appeal to
experts' opinions in aim gaining over reliabilitatd. The use of possibility measure or fuzzy
numbers seems to be reasonable solution in sueh Thsy will allow us to estimate reliability of



considered system as well as uncertainty of thisnation. Naturally it is possible to join the
statistical methods with the fuzzy set theory mdghor with the possibility theory together.

2. Lubricating oil system for the MC — type diesel enme
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Fig. 1. Lubricating oil system for the MC — typeskl engine: 1 - diesel engine; 2a, 2b — cylindéritating oil
transfer pumps; 3a, 3b - lubricating oil pumps; 4& — camshaft lubricating oil booster pumps; bibricating oil
cooler; 6a, 6b — lubricating oil duplex filter; T4 cylinder lubricating oil storage tank; T2 — aytier lubricating oil

service tank; T3 — lubricating oil bottom tank; T¥Xhermostatic valve; V... — valves; F... — suctibbers

Lubricating oil system for the MC — type diesel emgis the object of considerations. The
scheme of this system is shown in Fig. 1.

Building relative model of the system following asgptions have been made: stop the pumps
can be the caused with lack of the power supply rgmdifferent causes, the lubricating oil
purifying system is fit, all stop valves and n@turn valves are in open position (except of valves
V2 and V7), all tanks are equipped with signalingra of low level, duplex filter is equipped
with signaling alarm of pressure drop to high, srcfilters are equipped with signaling alarm of
pressure drop to high, the critical leakage ofroifn system requires immediate stop of engine.

The reliability of lubricating oil system, for csidlered period of time, means the probability,
that in this period of time the work of engine wile possible. We by event of failure of
lubricating oil system understand such event wheglorts stop engine or causes stop engine
directly.
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3. Elements consisting on uncertainty of reliability @#sessment of the MC type diesel engine
lubricating oil system

On uncertainty of reliability assessment of consdesystem consists:
- uncertainty of relative model,
- uncertainty of mathematical model based on theivelanodel,
- uncertainty resulting from possessed reliabilittada

3.1. Uncertainty of relative model of system

Under notion of relative model of system one stiouwhderstand a fault tree or reliability
structure created for the system, which in graghbien reflect all sequences of basic events
leading to appearing the event of failure of coesed system.

The fault tree method found the wide use in rdiigbanalyses of technical systemshe
method is applied in nuclear energetic, chemicdugtry, aviation, land transportation. It is also
commanded for shipping systems by developed undasiees of International Sea Organization
(the IMO) Formal Safety Assessment method [11].

Uncertainty of relative model results from congean really sequences of basic events,
recorded in form of fault tree or reliability sttuce, lead to appearing the event of failure of
considered system or if any essential sequenceenit® was not skipped.

Verification of correctness of such model can beedosing the experts' courts only. If experts
will state, that all recorded in the fault tree tegices are true, as well as they will not be able t
show different sequences of events, than thesehwiére used already, then we can believe, that
there are no bases to judge, that created moaeldequate.

We will attribute such a model plausibility meas(@! =1). It means that we recognise our
model for plausibleThe plausibility measure 1, in distinction from pability measure 1, does
not mark the hundred - percent certainty to adeguaianodel (an additional expert would can
find in the model mistake). The plausibility measand the necessity measure were introduced by
Shafer, how the authors write in [1].

It is obvious, that it is proper so long to consulth experts the correctness of model as well as
to make possible corrections until we will canihtite the model plausibility measure 1.

3.2. Uncertainty of mathematical model

We build mathematical model with algebraical simue with support of fault tree, using the
minimal cut sets method. We do not achieve in tdaise formula for reliability of the system,
described with the fault tree, but formula for tbever boundary of reliability of this system. We
can rebuild the fault tree on the success tree, theolve the success tree using the minimal path
sets method and to receive the formula for the uppandary of reliability of this system. In the
result we receive some area in which the demanctitamof reliability contains. We proceed so,
because the exact delimitation the function ofatelity of complex systems is in general very
difficult.

In majority of reliability analyses we give up fmomarking the upper boundary of reliability.
Only the lower boundary of reliability is markeadh this case we can say , that the reliability of
system for considered interval of time is not lowlesin appointed value. Approach such is the
working on principle of investigation of the worsdse. It is obviously reasonable. Reliability of
devices and technical systems influences on sajétthose technical objects, men, natural
environment as well as on achieved economic effeBessimistic approach to reliability
assessment is therefore reasonable.
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Simplifications used in the minimal cut sets andiimial path sets methods cause, that for
considered period of time, we receive the resutheaform of the interval, in which the reliability
of system (modeled with the use of the fault tne@ thhe success tree methods) contains.

To receive more precise results, we should abatiiofault tree and the success tree methods,
than to try to model the reliability of the systevith the help of the reliability structure method
and to mark using this method exact formula orabglity of the system. However in practice it is
very difficult, as it was said earlier. That is wtine majority of system reliability analysts in@m
to use only and the minimum cut sets method.

3.3. Uuncertainty resulting from possessed reliabtly data

There are several situations possible with gettgl@bility data. We seek for such data for
technical elements and for human as well.

When we have at our disposal a large statisticapta or a small statistical sample, but we
know the statistical distribution of the time tdld@ae for elements or we use the data given in
reliability handbooks or guides, then we define gtatistical distribution of the time to failuredan
parameters of the distribution on definite sigrafice level (e.gx = 0,1), in compliance with laws
of mathematical statistics.

Uncertainty of reliability assessment of the sysfemconsidered period of time is delimited
then by numerical interval. We receive this intég substituting the 5 % quantile and 95 %
guantile of the statistical data to the formulaatidmng reliability function of the system.

When we have at our disposal a small statistiaadpde and we do not know the statistical
distribution of the time to failure for element$)eh the problem can be solved using the
possibility theory or the fuzzy sets theory. Ineas$ using the possibility theory the uncertainty o
estimation of reliability contains in numerical emtal limited with measure of possibility and the
measure of necessity [1].

The case in which we dispose no reliability daégsto consider. We have to reach the data in
some way. We can try to find out these data in sttppf experts' opinions. Previous experiences
show, that experts have difficulties with formutafitheir opinions in the form of numerical data. |
propose so, to ask experts to formulate their opim the form of the linguistic probability terms
like: probability, that the event of failure ofvgin kind of element will happen in considered
period of time is: very high, high, average, lowery low. We can transform the linguistic
variables into the data in the form of the fuzzymters without experts' participation. The
uncertainty of estimation of reliability is represed by the fuzzy number. Questions these became
described wider by the author in [5, 6].

4. Reliability of the system with the uncertaintyof the assessment taken into consideration
4.1. Uncertainty of relative model

The relative model, built for analysed system hedform of fault tree. In compliance with this
what was written earlier (subentry 3.1.), the pilailisy measure 1 was given for the fault tree. The
structure of the fault tree is very complex, anak i why it was not introduced in this article.eTh
fault tree structure the reader can find in stly [
4.2. Uncertainty of mathematical model

The mathematical model was built with supporttoé fault tree, using the minimal cut sets

method and the minimal path sets method. Moredwerr¢liability structure was built to avoid
inaccuracies resulting from use of minimal cat seid minimal path sets methods.
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To illustrate uncertainty of the mathematical matthel calculations of reliability of lubricating

oil system were done:

a. using the reliability structure method (exact vatdieeliability)

b. using the minimal cut sets method (lower bounddmglkeability)
c. using the minimal path sets method (upper boundargliability).

The reliability of the system was calculated foegmar of service and for four years of service
accepting, that the system at the beginning was. Mareover, to show the uncertainty of
mathematical model — a clean hypothetic assumptemtaken, that the reliability data are certain.

The set of reliability data used in calculatiotiee fault tree and the reliability structure the
reader can find in study [6]. Results of calculasievere introduced in Tab. 1.

Tab. 1. Reliability of lubricating oil system fdret MC type engines calculated using: the minimé#h ga&ts method,
the exact method, the minimal cut sets method

Reliability of the system 1 yeal' 4 yedrs
Minimal path sets method 100% 100pP6
Exact method 92,7 % 65,3 %
Minimal cut sets method 92,1 51,3 %

Received results reflect the uncertainty of mathterabamodel, when we use the minimal cut
sets and the minimal path sets methods. It wasisasdbsection 3.2., that the minimal cut sets
method is the most often used method - as workingrinciple of the worst case. It is proper to
turn attention, that in considered lubricating ®ylstem case - the value of reliability calculated
using the exact method is more approximate togdbtsusing the minimal cut sets method, than
these got with minimal path sets method.

Because it was possible to get exact formula fliebiity of the system, therefore in more far
considerations only this formula will be taken undétention. It will avoid us from received
mathematical model uncertainty.

4.3. Uncertainty resulting from possessed reliabily data
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Fig. 2. The reliability function of the lubricatingjl system for the MC — type diesel engine, cansid the
uncertainty of accomplished assessment; Rm(t)iakiéty function appointed with the use of mediatues of
reliability data, RI(t) — lower boundary of relidiiy function, Ru(t) — upper boundary of reliabjlitunction
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Reliability data for technical elements were taem guide [9] as well as from study [4].
These data have a character of mean failure rabat wnplies the use of the exponential
distribution of time to failure for those techniedéments. The ASEP — HRAP method was used to
determine human error probabilities. Failure rateifularies for technical elements were been
delimited with the use of the 5 % quantile and 9§8antile of lognormal distribution of the mean
failure rate values. Similarly, the boundaries oirtan error probabilities were been delimited with
the use of the 5 % quantile and 95 % quantile ghdwmal distribution. Received results are
shown in Fig. 2.

5. Proposal of interpretation of result with the lage uncertainty

The reliability data used in calculations wererdamed with large uncertainty, what was
transferred on large uncertainty of reliability @ssment of the lubricating oil system. Received
results shown in Fig.2. tell us clearly, that itvisry hard to assess reliability of our system. In
support about such uncertainty results it is vaagdho take the decision: to permit the system to
work or to phase out the system from work. The sleniis particularly hard for longer times of
work.

It there is no possibility to define the reliatyildata more precisely - and the same to reduce
the area of uncertainty, then we can try to analgseived results with the use of fuzzy numbers.

Let's accept, that we are interested in the nébalof the lubricating oil system for working
time 4 years (35040 h) since the moment of puttimg) system to use. According to the author’s
model we can affirm, that for considered periodiofe: the upper boundary of reliability of the
system equals 0.999; the median value of relighdif the system equals 0.653; the lower
boundary of reliability of the system equals 0.08& will demonstrate the received result in the
form of fuzzy number A "about 0,653 in Fig. 3.

We can also affirm respectively, that for consedeperiod of time: the lower boundary of
unreliability of the system equals 0.001; the raadvalue of unreliability of the system equals
0.347; the upper boundary of unreliability of thestem equals 0.932. We will demonstrate the
received result in the form of fuzzy number'Aabout 0,347” in Fig. 3.
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Fig. 3. The reliability value Aand the unreliability value £of the lubricating oil system for the MC - typeyigre
evaluated for working time 4 years, expressed rimfof fuzzy numbers

Looking at Fig. 3. we can draw out following corgibns: 1) Generally, reliability of the
system is higher then the unreliability. 2) The raadvalue of probability, that system failure or
system failures will occur in considered periodtiofie equals 0.347. 3) The median value of
probability, that no system failure will occur inresidered period of time equals 0.653.
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Let’'s try now to express the reliability of our g in terms of linguistic probability. To do
this we will put in the same figure values of thglistic reliabilities (established before) and th
value of reliability of the system received in tleem of fuzzy number A, for considered in our
example period of time. The result is shown in Fg.We can notice, that fuzzy value of
reliability of our system belongs in different degrto every one from fuzzy numbers valuating
linguistic reliability.
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Fig. 4. Valuating the linguistic reliabilities
1 - very high reliability, 2 - high reliability, 3reliability about 50 %, 4 - low reliability, 5very low reliability,
Ag - the reliability of considered system given ia farm of fuzzy number

Let's accept the measure of possibility, that bdity of the system belongs to the valuating
number A as:II; = maxuar " pA;j). We will take down the results in Tab. 2. The statal of
possibility measures (in distinction from probalyilmeasures) according to the possibility theory
can be greater then 1. In our case the sum is @B&ourse, we can transform these values to the
form of percentages to give in total 100 %.

The results collected in Tab. 2. shows, that thghdst possibility is that the reliability of
lubricating oil system for the MC - type engines,considered period of time is high — it means
the reliability value contains in interval [0.5 ). PPossibility this was estimated on 30% of all
possibilities. The lowest possibility is that thaiability is very small — it means the reliability
value contains in interval [0 — 0,25). Possibitityat was estimated on 8% of all possibilities.

Tab. 2. The comparison of possibility measured, résgability of lubricating oil system belongs ¢stablished fuzzy
numbers valuating reliability

Linguistic values of reliability Intervals of Possibility measure I7;
numerical values | that reliability of the
system belongs to;A

A; — reliability very high [0,75-1) I1,=0,42 (15 %)
A, — reliability high [0,5-1) I1,=0,85 (30 %)
A3 — reliability about 50 % [0,25 - 0,75) I15=0,81 (29 %)
A, — reliability low [0-0,5) I1,=0,51 (18 %)

As — reliability very low [0-0,25) I15=0,22 ( 8 %)
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6. Final remarks

In the case of large uncertainty of estimatedabdlity of system, as in considered example
(Fig. 2.) it is very hard to take rational decisoto permit the system to work or to phase out the
system from work, especially for longer time insee.

What should be done in such situation? First lpfved should try to gain over reliability data
burdened with smaller uncertainty. If this is naispible, we can analyse received results using
fuzzy numbers according to the author's proposab(2.), what gives us enough good knowledge
for undertaking the decision about more far expt@n of system.

The proposed method of reliability assessment thiéharge uncertainty has to bee improved.
The studies on appointment of numerical boundariesstimations of linguistic reliabilities of
diesel engines’ systems in the closest time willdie The boundaries not at all have to be and

they should not be spread equably like it was shiowig. 4.
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