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CoOBpEeMEHHbIC HJIEKTPOIHEPIeTHIECKUE CUCTEMBI OTHOCATCS K Pa3psly CIOKHBIX SHEPIeTHYECKUX CUCTEM, HAJICK-
HOe U Ge30macHoe () YHKIIMOHHPOBAHHE KOTOPBIX TPEOYET JOCTOBEPHOH OLCHKH UX TEXHHYECKOrO COCTOSHHS. TeXHUUECKOe
00CITy)KHBaHHE HIIEKTPOIHEPreTUUECKUX CHCTEM Yallle BCEr0 PEai3yeTcsl Ha OCHOBE OLIGHKH PUCKOB. IIpH 3TOM BO3HHKAIOT
TPYAHOCTH CO COOPOM HCXOIHBIX IaHHBIX, KOTOPbIC B OCHOBHOM HOCST BepOalibHBII (HEUHCIIOBOI) Xapakrep. Mcxomst u3
9TOr0, B CTaThe PACCMOTPEHA MpoGJeMa UCIOIb30BaHHUS SKCIICPTHBIX OLICHOK B PHCK-OPUCHTUPOBAHHOW CTPATErMH TEXHH-
YECKOro 00CIY)XHBaHHS HMPUMEHHTEIBHO K MPOLECCY SKCIUTyaTAl[MH 3IEKTPO3HEPreTHYeCKuX cucreM. IIpuBe[eH npuMep
(bopManu3alyu CBEICHUI 0 YacTOTe BO3ZHUKHOBEHHUSI HEHCIIPABHOCTEH Ha OJHOM M3 OOBEKTOB 3JICKTPOIHEPreTHYCCKOM CH-
crembl. OmuicaH pa3paboTaHHbBIA MPOrpaMMHBIN TPOLYKT, MO3BOJSIOIIMN aBTOMATH3UPOBATH Mpolece GopMain3ainy He-
YETKOM 3KCIIEPTHOMH HH(OPMAIINH, MTOJYICHHOMN ISl OLIGHKH PHCKOB.

KiioueBble cjioBa: 00CTy)XHBaHHE 000PYHIOBaHUs, IMHIBUCTHYECKAs IEPEMEHHAs], HEUSTKOe 3HAUYCHHE IapaMeT-
pa, TepM-MHOXECTBO, (YHKLHS MPUHAUICKHOCTH, SKCIEPTHAs OLECHKA, PUCK-OPHEHTHPOBAHHAS CHCTEMa TEXHHYECKOro
00CITY)KUBaHUS

Introduction. Modern electric power systems (EPS) and their constituent facilities (power plants, elec-
trical networks) are classified as complex technical systems (CTS). Reliable and safe operation of an EPS is fea-
sible only when prompt and reliable assessment of the technical condition of the equipment, its operational relia-
bility and reasonable and adequate decisions on its further operation are provided [3].

The operation of an EPS is a complex process that is subject to numerous and varied risks due to the in-
fluence of various random factors and the presence of many uncertainties in all aspects of the undertaking. In
summary, the risks characterize the probability and possible damage during the operation of an EPS [9]. The
nature of the damage may be different and can be expressed not only in the form of economic values, but in a
form other than that, as well. During the operation of an EPS, risk management strategies based on RBM (Risk-
Based Maintenance) are increasingly used. However, the application of such a strategy leads to considerable
difficulties at the stage of collecting initial data, which are mainly of verbal (non-numeric) nature [4].

Based on this, the purpose of this work was the development of a methodology for formalizing basic in-
formation about the status of an EPS for assessing their operation risks and the development of appropriate soft-
ware to implement the proposed methodology.

Materials and methods. As the initial data for risk assessment are of a verbal (non-numeric) nature, it
is advisable to use methods of the fuzzy sets theory in conjunction with the methods of probability theory and
mathematical statistics for their formalization and further consideration when making management decisions.

Results and Discussion. The RBM strategy is based on the RBI (Risk Inspection) methodology, which
is described in the standards of the American Petroleum Institute (API), the American Community of Mechani-
cal Engineers (ASME), the independent classification and certification society Det Norske Veritas [7,8]. Accord-
ing to this methodology, the probability of equipment failure and the consequences of this failure are estimated,
the magnitude of the risk is defined as their multiplication:

R =DP, (1)
in which R — risk value; D — value, characterizing the severity of the undesirable event. It can be described by
specific parameters (consequences of failure, damage). The range of parameters, used in this process, can be
quite wide — from economic values to human victims; P is the probability of a possible equipment failure.

According to the RIMAP (Risk based Inspection and Maintenance Procedures), to determine the D and
P values in formula (1), different data sources have to be used. One can use equipment statistics and failures,
technical conditions and consequences of failures, simulation results, expert estimates as information sources [5].

In practice, the collection of input data to determine the desired values of D and P is a rather time-
consuming task. Usually if there are models, suitable for the analysis of failures and their consequences, they
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describe only the most critical elements. Moreover, the models that are created quickly lose their relevance due
to the introduction of new production technologies.

Statistical data is another important source of information, which may be used to determine the proba-
bility of equipment failure and the consequences of failure. Availability of well-structured statistical information
on operation process and equipment failures, facilitates the analysis carried out in accordance with the RIMAP
procedure. It is possible to use statistics on a similar object, taking into account a possible error, caused by a lack
of statistical information about the object [6].

However, for practical consideration, only an approach to statistical information analyzing is required [2].

A multidisciplinary team, specialists, who should be qualified to inspect it or another system, can give
an expert assessment of the power system condition.

The group of experts should make a collective decision, that is why it is possible to use in their work the
methods of collective expert assessment: the Delphi method, the brainstorming method, the court method, the
round table etc.

The multidisciplinary team should be able to interact with the staff that services the equipment. A person,
who directly handles maintenance of technical objects, can provide valuable information about equipment in the
subjective form. It is often difficult for the interviewed employee to evaluate an object numerically based on a cer-
tain criterion. Usually experts use their native language words when verbally describing many characteristics of the
objects. Thus, the source information contains significant subjective uncertainty. For this reason, it is advisable to
use the apparatus of the fuzzy sets theory to formalize the information, received from maintenance staff.

When a person perceives information, he or she does not use concrete numbers, but translates it into his or
her concepts - the values of a linguistic variable. Each value of the linguistic variable is described by the member-
ship function, which is unique for every person. Suppose when an employee observes the equipment or system for
some time, he fixes his attention # times on the presence or absence of fact 4. An event consisting of n fact exist-
ence checks 4 is called an evaluative. Suppose that the fact A has occurred in the k checks. Then, the operator regis-
ters the frequency p = k/ n of the occurrence of fact 4 and evaluates it using with the words “often”, “rarely” etc.

Assume that at the stage of input data collecting, the multidisciplinary team suggests that the operator
evaluate the occurrence frequency of a maintained equipment malfunction in terms of a linguistic variable. It is
necessary to design an individual membership function of linguistic terms for the numerical interpretation of infor-
mation from the operator. For this purpose, it is possible to use a method that is based on statistical data processing.

Consider the following example.

The table 1 presents an estimate of the equipment malfunction frequency in terms of the linguistic vari-
able for a particular operator of the EPS object, collected prior to the start of the multidisciplinary group work. It
is necessary to place the linguistic variable values: “very rarely”, “rarely”, “not rarely, not often”, “often”, “very
often” on the universal scale [0,1]. As an example, let us divide the time interval into 20 segments, for which
statistics was collected, that characterize how often a person uses these words to express his or her evaluations.

Table 1 — Estimation of the equipment malfunction frequency in terms of linguistic variable

Value Time interval (segment)
1 (2 (3|4 |56 |7 (8|9 1011|1213 |14 |15|16 | 17| 18|19 20

Very rarely 317130 ]1|[0]JOJO]O]O O |O O ]O |O]JO O I JO ]O
Rarely 0jo0oj1]0|4]1 |6 4|10 |00 |0 O |]O|O O |O OO
Not rarely, not |O [0 |O (O |O |O (O |2 |2 |5 |7 [0 |O O |O |O |O |O O |O
often

Often 0/j0ojo0ojojojOjO]JO|O|O |3 |8 |0 |7 [5]|2 |3 |0 ]0]|O
Very often 0/]0]0]JOJO]OJO]O|]O]O |O O O O |1 |2 |5 |7 |52

Using the properties of the membership function, we must pre-process the data in Table 1 in such a way
as to reduce the distortions, introduced by the experiment. The natural properties of the membership functions
are the presence of one maximum and smooth fading to zero. For statistical data processing, we can use the so-
called hint matrix. Firstly, it is necessary to remove obviously erroneous elements from table 1 (for example, the
element “very rarely” in column 18). The removal criterion is the presence of several zeros in the string around
this element [1].

Elements of the hint matrix are calculated by the formula:

ki =31 bij,j =1..20, ()
in which k; — element of the matrix, j — number of the column (time interval), i — number of the row (value).

The hint matrix is a string [[374 051663510807 64975 2||. In the row of table 1, we must se-

lect the maximum element: K, = maxk; and then all the elements are converted by the formula:
bk
cij=”k—f”“", i=1..5 j=1..20, 3)
J
in which ¢;; — transformed element of the matrix
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For columns, where k; = 0, linear approximation is applied:
oy =R = 5, j=1..20. 4)
It is necessary to find the maximum elements in the rows of table 1 to build membership functions:
Cimax = Maxc;;, i =1..5, j =1...20. The membership function is calculated by the formula:
Cll
Hij =—— (5)

ci ’
There are the calculated values of the membershigl %ﬁnctions in a table 2. After approximation, this data
may be presented in graphical form as the membership function (fig. 1).

JE)

Table 2 — Values of the membership function

#;, | 005]01]015] 02 |025]03]035] 04 |045|05]055]06]065]|07]075]08]085]09]095]1
Uy 1 1 0.75 | 047 | 02 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Uy 0 0 025 | 052 | 0.8 1 1 0.67 | 033 ] 0 0 0 0 0 0 0 0 0 0 0
Us 0 0 0 0 0 0 0 0.33 | 0.67 1 0.7 0 0 0 0 0 0 0 0 0
Uy 0 0 0 0 0 0 0 0 0 0 0.3 1 1 1 083 | 05]033]| 0 0 0
Us 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.16 | 0.5 | 0.55 1 1 1
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Figure 1 — Membership functions of linguistic variable values

As members of a multidisciplinary team and operators can be geographically located at the considerable
distance from each other, a web application has been developed to make their interaction more comfortable. This
enable all users to have access to the system, regardless of their location. The web application also allows users
to receive all updates in the system instantly, without the need for further actions by users.

The application was developed in C# programming language with the use of Visual Studio 2017.
Frontend was developed using HTML, CSS, Bootstrap, JQuery. MS SQL Server 2017 is used as a database.

The system must provide two types of users:

e Member of a multidisciplinary team;

e Equipment service operator.

A member of a multidisciplinary team has the following functionality:

e manage events related to the operation equipment;

e manage users;

e view the membership function graph.

The operator in charge of the equipment maintenance can enter data on the frequency of the event, re-
lated to the maintenance of the equipment, for the further analysis by members of the multidisciplinary group.
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The Use-Case diagram is shown in Figure 2.

Manage events related to
the operation equipment

Fill in the event data
associated with the
operation of the
equipment

™ Manage users

Operator
Member of the

multidisciplinary team

View the membership
function graph

Figure 2 — The Use-Case diagram
When the user logs in for the first time, he or she have to authorize. There is no possibility to register in

system, because the system is closed and all users are created by the members of the multidisciplinary group.
The authorization form is shown on the Figure 3.

Please sign in

Email address

Password

) Remember me

© 2019

Figure 3 — The authorization form

After a successful authorization, a member of the multidisciplinary group in the Events section can cre-
ate, edit and delete events, characterizing the power system condition (figure 4).
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Risk-Based Maintenance Home

Event 1

There are description of event 1.

an =]

Event 2

There are description of event 2.

an =]

Event 3

There are description of event 3.

a0 El

Figure 4 — Event management

The operator has to fill in the information about the occurrence frequency of an event, associated with the equip-
ment operation (figure 5).

Risk-Based Maintenance Home

Event A
There are description of event 1.
Interval
Values

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

very rarely 2 Z 2@, T o 8 9 e 0 0 0 0 0 0 [¢] 0 A (o] o]

rarely o o 1 0o 4 1 6 4 1 0 0 0 0 0 0 0 0 0 0 0
not rarely, T 2 3 4 5 & 7 2 2 5 7 0 0 0 0 4] 0 0 0] 0
not often

often o 0o 0 0O 0 O O 0 0 O 3 8 0 7 5 2 3 0 0 0

very often a 8 & @ 0 b & 9 e 8 & @ B Wb 1 2 3 7 b

Save Cancel

Figure 5 — Information on the frequency of events, related to equipment maintenance

After processing the data, entered by the operator, the members of the multidisciplinary group get the
processed results, presented as a membership function (Figure 1).

Conclusion. Thus, the paper proposes a methodology and software that implements it, which allows to
formalize information about the current condition of the equipment. The developed web application enables us-
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ers to report on the occurrence frequency of events related to the equipment maintenance at long distances and
not to be dependent on the location of operators and multidisciplinary team members.

The data provided by the program helps the expert team understand the actual configuration and operat-
ing conditions of equipment operation, to assess the effectiveness of inspection and maintenance programs, to
identify details of problems and possible failures.
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