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Procedure for reliability assessment of electricity
distribution systems

The main objective of this study is to establish the level of reliability of electricity distribution systems,
which is currently characterized by multiple problems, because, at present, these systems have a complex
configuration and are affected by a significant number of refusals, conditioned by various influencing factors. To
achieve the proposed objective, the most important indicators were selected, which allow estimating the level of
reliability of electricity distribution systems, regardless of structure and configuration. The main results obtained
are those related to the application of the proposed reliability assessment procedure for estimating reliability
indicators, which are of significant importance for the operation of electricity distribution systems, thus
providing the possibility of justified planning of measures to prevent refusals and increase the level of reliability
of the examined systems.
reliability indicators, electrical distribution systems, level of reliability, assessment procedure

Introduction. At the current stage, the question of the reliability of the operation of
distribution systems is the key issue, to which particular attention must be paid. The reliability
of such a system is closely related to its structure and differs from case to case. The safety in
operation of a distribution system is an integral characteristic, determined by its components,
its design and the operating conditions. At the same time, the operation of distribution
systems in the agricultural sector is influenced by a number of factors, both determined and
undetermined. These factors are random in nature and their occurrence may be internal or
external, objective or subjective. Many researchers in the field have tried to solve these
problems, but so far they have not been solved completely and definitively, and the main
problem is still being addressed by researchers [1-3].

The electrical distribution systems are currently complex systems that are
continuously developing. This is explained by the fact that, due to contemporary socio-
economic demands, an increasing number of new electricity consumers are emerging and this
leads to the emergence of more load nodes, and the structural schemes of distribution systems
are becoming increasingly complex. It is clear that this is beneficial in the development of the
agricultural sector, but with it come new requirements and problems in ensuring the reliability
of distribution systems.

The continuing increase in the number of components of structural schemes makes the
risk of faults and interruptions in the supply of electricity to consumer’s increase, causing
serious problems [4-10]. Assuring the level of reliability gives the opportunity to bring the
mathematical expectation of outages and damage to an acceptable value for both electricity
consumers and distribution systems. It is clear that this follows from the determination of the
influencing factors, which cause the occurrence of random interruptions, in order to reduce
their significant number and ensure the normalized level of reliability.
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Materials and methods. In this study, for the solution of the problems formulated for
the research, the electrical distribution systems were examined, and the research methodology
is based on standard methods of analysis and calculation. The main characteristics of the
electrical distribution systems researched are presented in Table 1.

Table 1 — The characteristics of the electrical distribution systems researched

Total number of
The total length of consumers
Sector . . .
electrical lines, supplied,
km consumers
1 2478 28231
2 3843 42487
3 4156 36128
4 2114 41236
5 2894 23173

Source: developed by the author

Have been used in the study: mathematical modelling; graph and matrix theory;
probability theory; methods of statistical analysis and processing of experimental data; theory
of linear and non-linear equations; calculation techniques with specialized software,
“Microsoft Excel”, “EasyFit 5.5 Professional”.

Results and discussions. The final result is the calculation of the refusal probability of
the analyzed system with respect to the load node, or the probability of operation without
refusal (p) (the probability of the diametrically opposite event).

When presenting the scheme in the form of minimum sections the given process can be
achieved faster and simpler compared to the presentation of the respective scheme in the form
of a minimum graph, but from what has been presented it appears that the process of
determining the minimum sections itself is more complex and difficult. The reliability of
supply to the load nodes (receivers) of complex schemes is determined by refusals occurring
not only in normal operation, but also during planned preventive disconnections of
distribution system elements (most often in the process of carrying out planned
disconnections for prophylaxis or routine or capital repairs).

The order of the calculation of reliability indicators taking into account the determined
preventive planned disconnections is as follows:

- groups of elements are sized, preventive disconnection of which can be overlapped, so
elements most often are with series connection between them and disconnection of one of
these elements leads to the occurrence of rejection of the respective graph, as such elements
can be those with series connection;
- for such cases the planned reliability indicators of these schemes are determined.

Thus for a group of ( p ) real elements with disconnection frequencies

1/2,,1/2,,...,1/ 2, or operating times T;,T,...,T, the lowest common multiple 4,,4,,....,4, and

the smallest time interval in which an integer number of planned disconnections of each
component element T. From the group of elements, choose the element (i) which has a
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maximum preventive disconnection time A, . The parameter of the flow of planned

disconnections (4) and their average probability [5-10] for the equivalent element (j) will be

determined for the analyzed systems.

The analytically obtained reliability indicators of the equivalent element of the
investigated scheme are aligned to an integral element of that scheme and all other component
elements are given null (0) indicators.

The problem of creating these states often arises in the process of analytical
calculation of project schemes, when the schedule of planned disconnections and current
repairs of component elements is not known.

In the process of composing the preventive disconnection groups of the component
elements the presented relation will be respected, then it means, that the determined time
period in the analyzed system will lack states having disconnected elements with a
determined preventive planning.

From the above, it appears that the smaller the size of the distribution system under
analysis, the higher the probability of the respective states.

In general, considering preventive planned disconnections of component elements of
distribution systems [1-8], the probabilities of refusal states can be related to the load node
(receiver) and the refusal flow parameter of the respective scheme with respect to the load
node, which is determined for the analyzed systems.

The minimal sections in the scheme of the system remaining after excluding element
(j) from the searched scheme will be obtained from the sections of the integral scheme of the
system after excluding the minimal sections.

In assessing the reliability of distribution systems, it is absolutely necessary to
characterize both components, i.e. structural and operational reliability. In aim to facilitate
this process, the respective operations need to be carried out according to a well-determined
consecutiveness and from all this, the criterion for the assessment of the real level of
reliability was composed, on the basis of which the reliability analysis of the investigated
systems was carried out.

Therefore, in consideration of the above, in order to simplify the reliability assessment
process, the reliability level of distribution systems in the agricultural sector has been assessed
on the basis of the following indicators: average duration of refusals (t); average frequency of
occurrence of refusals (A); average time to restore refusals (p); average total refusal time
(Tieq). Table 2 shows the reliability indicators of the researched systems, determined on the
basis of the developed criterion, for the year 2023.

Table 2 — Reliability indicator values of the systems researched

Seasonal values
Indicator
Spring Summer Autumn Winter
T, h 0,89 1,09 1,07 1,12
A 3,02 2,67 3,01 2,69
n, h 0,91 1,21 1,15 1,27
Tmed, h 3,84 3,63 3,72 3,69

Source: developed by the author
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From the results it appears that the determined indicators differ from one system to
another due to several factors, such as:

- specific geographical location conditions;

- the number of agricultural consumers supplied with electricity,

- the summary length of power lines in the systems;

- the configurations and structure graphs of the systems;

- the number and condition of component parts.

Conclusions. Based on the study conducted, it was found that in the process of
assessing the reliability of electrical distribution systems, it is absolutely necessary to classify
and systematize interruptions in the supply of electricity to consumers, caused by various
influencing factors, depending on the season and geographical location of the distribution
systems. The results directly depend on the structure of the systems and for this reason it is
absolutely necessary to perform calculations, determine the minimum sections and layout
graphs of the distribution system, in relation to the component elements.
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IMopsinok ouiHKM HAAIIHOCTI cUCTeM PO3MOALTY eJieKTpOeHepril

OCHOBHOIO METOI0 JIaHOTO JOCTIKCHHS € BCTAHOBJICHHS PIBHS HAIIHHOCTI CHUCTEM PO3MOILTY
EJIEKTPOCHEPTii, SIKMH Ha JTAaHWI Yac XapaKTepU3yeThbCs MHOXKUHHAMH NpoOJIeMaMM, OCKUIbKM B JaHHW Yac Iii
CHUCTEMH MaIOTh CKJIQJIHY KOH(]Irypariiro Ta 3a3Hal0Th BIUIMBY 3HAYHOT KUIBKOCTI BiJIMOB, 3yMOBJICHUX PI3HHUMU
(haxTOpamMH BILUIUBY.

Jns mocsrHeHHs IMocTaBlieHOT MeTH Oysio oOpaHO HaMOUIBII BaXIMBI ITOKa3HHWKH, SIKI J03BOJIIOTH
OIIIHUTH PiBEHb HAMIMHOCTI CHCTEM PO3MOALTY EJIEKTPOCHEPTii HE3aleKHO BiJl CTPYKTYPH Ta KOHQIryparii.
OCHOBHUMH OTPHUMAaHHUMH pe3yJbTaTaMH € Ti, O[O0 TOB’S3aHi i3 3aCTOCYBaHHSM 3alpPOIIOHOBAHOI METOIHUKU
OWIHKH HANIHHOCTI U1 OI[iHIOBaHHA TIOKAa3HWKIB HANIHHOCTI, $Ki MAarOTh CYTT€BE 3HAUEHHS IS
(hYHKIIIOHYBaHHS CHUCTEM pO3MOAUTYy ENEKTPUYHOI eHeprii, mo 3abe3rnedye MOXIHBICTH OOTPYHTOBAHOTO
TUTaHYBaHHS 3aXOiB IIOAO0 3aMo0iraHHsg BiIMOBaM Ta IiABHIICHHS PiBHI HaIiHHOCTI AOCTIIKYBaHUX CHCTEM. 3
METOIO CIIPOIICHHS IPOIECY OIIHKHM HaIiHHOCTI, piBeHb HAAIMHOCTI CHCTEM PO3MOJUTY B arpapHOMY CEKTOpi
OyJ10 OIIIHEHO HAa OCHOBI TaKMX IOKA3HUKIB, SIK: CEPEIHS TPUBANICTH BiIMOB (T); CEpeIHs YaCTOTa BUHUKHEHHS
BigMoB (A); cepenHili uac BifHOBIEHHS BiAMOB (W); cepeaHiii cymapHuid yac BiAMOB (T.q). Bu3Haueni
MOKa3HUKH BIIPI3HSAIOTHCS BiJl CUCTEMH IO CUCTEMH uepe3 AeKijbka (akTopiB, TakuxX sK: creludiyHi yMOBH
reorpagiuHOro  PO3TAlIyBaHHS, KUIBKICTh CUIBCHKOTOCIIONAPCHKUX — CIIOKMBA4iB, L0 3a0€3MeuylOThCs
CJIEKTPOEHEPTIE€I0, CyMapHa JIOBKHHA JIHIA eJIeKTporepeiadd B cUcTeMax, KOH(Irypamii Ta CTpyKTypHI CXeMH
CHCTEM Ta KiJIbKICTh Ta CTaH CKJIQJIOBUX YaCTHH.

Ha ocHOBI npoBeneHoro JOCIiKeHHs! OyJI0 BCTAHOBJICHO, IO B INPOIECi OLIHKK HAIIMHOCTI CHCTEM
PO3IIOALTY eNeKTpoeHeprii abCcoMOTHO HeOOXiMHO € KiIachudiKallis Ta CHCTeMaTH3alis IepepB y MOCTadaHHi
€JIEKTPOCHEPTii CIOXMBayaM, CIPHYMHEHUX DPI3HUMH (PaKTOpaMH BIUIMBY, B 3aJIe)KHOCTI BiJ TOpPH POKY Ta
reorpagpiqHOTO PO3TAITYBaHHS PO3IIOMITBYNX CHCTEM.

MOKA3HUKH HAJAiHOCTI, CHCTEeMH PO3MOALTY eJeKTPOoeHeprii, piBeHb HAXIHHOCTI, METOIUKA OLIHIOBAHHS
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