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Abstract. In order to simplify the analysis of the electrical networks operation
modes , specialized software tools for mathematical modeling of processes in them are
used. There are many software products, but most of them are paid. To carry out research
in complex power systems and obtain results in certain sections when performing practical
and course work, as well as at certain stages of research, the authors actively use the free
software product «Elpleky», but in a deeper study of the software encountered certain
features some parameters, which differ slightly from the generally accepted domestic
method, which led to an error in the calculations in some versions of the schemes of power
systems.

The purpose of the research is to study the peculiarities of calculating the
characteristics of asymmetric short circuits in the software product "Elplek™” and to check
the adequacy of the formed models. At the first stage, the object of research was chosen —
this is a segment of the electrical network containing a small number of nodes and a
theoretical calculation of the searched parameters of the short circuit mode in this
segment of the electrical network was carried out. In the future, an approach was
proposed on the task of parameters of elements in the software product "Elplek" and based
on this approach, modeling was carried out as a result of which the results were obtained
under the condition of the system's task, as sources of infinite
power | ,=694.9— j3522.2A and calculations|  =694.81— j3522.06 A for the active

part differ by 0.013%, and by reactive — 0.004%; subject to the task of the system, as
sources of a certain power | ,=654.7— j3427.4 A and calculations on the active part

differ by 0.0046%, and |1 _,=654.67— j3427.25A on the jet - 0.0044%, which makes it

possible to assert the feasibility of using the proposed approach in the analysis of
indicators of emergency modes of complex schemes of electrical supply to consumers of
certain segments of electric power systems.

Features of calculation of characteristics of asymmetric short circuits in the Elplek
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software product are considered and the adequacy of the generated models is checked.
Key words: power system segment modeling, Elplek software product, element
parameter setting, single-phase short-circuit currents

Introduction. Quite often when performing standard calculations there is a need to
use automated software products, one of which is «Elplek». The author of the program is
Ilkka Leikkonen (Kokkola, Finland). According to the author: «Elplek is the result of
some discussions that | once had with a big company. Their idea was to have a tool, or a
program that shows what happens when there is a fault in a network. The program should
answer the question: if there is a fault in a given position in the network, which relay will
react first, which next, and so on? ... Elplek is the result of one of my discussions with a
very large company. The idea was to have a tool or program that would show what
happens in power outages. The program had to answer the question: if there is damage to
the network, which relay will work first, which second, etc.» [12] Many problems involve
determining the parameters of the emergency mode of the electrical network in case of
asymmetric short circuits and the study of related processes with the stability of electrical
equipment. In the framework of this scientific work there is a need to analyze the methods
and models used in the analytical and hardware-software calculation of asymmetric short-
circuit currents.

Analysis of recent research and publications. Analyzing the information provided
in the appendix to the software product "Elplek” [12], no clear information was found,
which would unambiguously state the correctness for the calculation of the some elements'
parameters, which periodically led to erroneous results obtained by students in course and
graduation works. In a number of articles [15], the authors propose to consider the issue of
determining the emergency mode on the transmission line as a classification task using the
parameters of the transmission line as classification features. To solve this problem, it was
proposed to use an artificial neural network, and in some cases [10] to apply specialized
software products.

In many materials [13,7] authors analyze the circuit features of the electrical
networks structure, which determine the magnitude of the short-circuit current, as well as

investigate the conditions under which this current has a maximum or minimum.
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In [2,4] the asymmetric voltage dips caused by single-phase short circuits in electric
networks are investigated and the worst failure conditions are determined and their
influence on the stability of high voltage synchronous motors is shown, and the influence
of short circuits [1] on cable lines is estimated, which are laid in the same trench with
power cables.

In [14] various models for calculation of single-phase short-circuit currents are
presented. For example, [11] presents an accurate multiphase model and its simplification
to a single-phase model, and [9] presents a method of analysis of general transients for a
multi-loop overhead transmission line, which takes into account the influence of mutual
connections between conductors. In addition, there is a series of materials that describe
measures to limit single-phase short-circuit currents [16,8].

The analysis of the information showed that this software product is interesting for
researchers, but, at this stage, more in terms of review [18,5,21], but not for solving partial
problems, which in the software product are presented in a fairly wide range .

The research aim is to study the peculiarities of calculating the characteristics of
asymmetric short circuits in the software product "Elplek” and to check the adequacy of
the formed models.

Materials and research methods. "Elplek" is one of the best free programs designed
to calculate all types of short-circuit currents (three-phase, interlinear, earth fault, interline
earth fault), to find residual voltages in the network, as well as to simulate the operation of
relay protection devices.

In the software product "Elplek™ the choice of the short circuit location is there where
the short circuit component is installed (Fig. 1, a). This component can be moved and
installed as a normal element anywhere in the circuit. In order to select the appropriate
mode of calculation of short-circuit currents, it is necessary to choose one of the four
proposed options, namely: calculation of the three-phase short-circuit mode (Fig. 1, b);
calculation between phase short circuit or two-phase (Fig. 1, ¢); calculation of short circuit
to ground or single-phase short circuit (Fig. 1, d); calculation between a phase short circuit

through the ground or a two-phase short circuit to ground (Fig. 1, e). It is also possible to
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calculate the impedance of the short-circuit circuit ZTh and the impedance of the

sequences Z0, Z1, Z2 at the location of the short circuit (Fig. 1, f).

AN B == % >4 o
a b c d e f

Fig. 1. Components for determining the short-circuit current in the

software product "Elplek™

The total impedances are calculated based on three approaches: using "normal* full
impedances , using transient full impedances and using super-transient full impedances.
"Normal™ impedance of asynchronous machines is calculated as the rated voltage divided
by the current at a given power or slip (asynchronous).

The impedance of the impedance reverse sequence Z2 is assumed to be the same in
all three cases (normal, transient, supertransient). Since asynchronous machines are
neglected in the case of a transient process and Z2 is calculated in a transient process
without asynchronous machines. In addition, the following components are not included in
the calculations: asymmetric load, PQ - bus generation.

Short circuit and impedance look like in a single-line circuit (Fig. 2, a) and show how
short circuit and impedance are modeled in the software product in different cases of short
circuits, namely: three-phase short circuit with full resistance (Fig. 2 , b); interphase short
circuit with full resistance (Fig. 2, c); single-phase earth fault with full supports (Fig. 2, d);
line to line to earth fault with the impedances. interphase earth fault with full resistance
(Fig. 2, e).
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Fig. 2 Single-line electrical circuit in the software product "Elplek’ and

built-in simulation mechanism for different types of short circuits

It should be noted that the software product uses one of two calculation methods,
namely: the method according to the standard 60909-1EC and the overlay method. There is
a third method, denoted Z012, and is used to calculate the resistance of the circuit. It is
worth noting that if the overlay method is selected, the user can select the initial state (as
in the normal calculation of the short circuit): use the pre-calculated initial state, if you
click "old init. State" or "New" initial state, which is obtained direct definition of network
indicators, at the pressed button "old init. State".

Investigate the current levels in asymmetric short circuits in the structure of the

substitution scheme, which is presented in Fig.3.
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Fig. 3. Equivalent circuits in the software product «Elplek»

Before the beginning of calculations it is necessary to define initial information,
according to [6, 17, 19, 12] for a three-phase overhead line without a cable the

characteristic ratio:

Z,=R +0.15+ jo.4351-|g(k% j

a

where Z, is the total line resistance; R, is the active conductor resistance; D, is depth of

laying the return conductor; k is coefficient taking into account the part of the magnetic
flux closed through the conductor (for solid round conductors of non-magnetic material
k=0.779, for steel-aluminium conductors k=0.724...0.771); R, is the actual radius of the

conductor.

For three-phase overhead line with a cable:

372
ZO,T :Zo _Z_—C’T’

=T,0
where Z,, is the total resistance for the zero sequence of the power line with the cable;
Z

o Is mutual induction resistance between line conductor and equivalent cable; Z; , is

intrinsic electrical resistance of the equivalent cable.

Accordingly, the intrinsic electrical resistance Z,,, of the equivalent cable,
Ohm/km,
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Z .. :%T+o.05+ j0.145-lg( b, ]
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where 1. is active resistance of a cable; R , s intrinsic electrical resistance of the

equivalent cable.
Resistance of mutual induction between line conductor and equivalent cable, Ohm /

km,

ZCT—O.05+j0.145-lg[|:)|:)e J

CTa

where D, is geometric mean distance between phase conductors and cable.

If we analyze the dependence of the impedance for a three-phase overhead line with a
cable, then after the transformations it is seen that the active component of the resistance
of the zero sequence will not depend on the presence of the cable, and will be equal to:

R,=R +0.15.
The active resistance of the “"conductor-ground” line is equal to the sum of the active

conductor resistance R, (according to reference data) and the resistance r, (taking into
account the loss of active power from the current in the ground). Resistance r,, (Ohm /

km) practically does not depend on the conductivity of the earth and at f = 50 Hz we have
r, =0,050m/ xm .

Due to the fact that we study not a specific object, but a generalized one, so in the
calculations we use the average values of the ratios between the inductive resistances

X, /x, for the aerial line:

Single-chain transmission line 110 ... 220 kV without cable or with steel cable ......... 3,5
Same with a grounded, well-conducting cable ...............ooooiiiiiiiiiiiii, 2,0
Two-chain transmission line 110... 220 kV without cables or with steel cables ......... 5,5
Same with grounded, well-conducting cables .................ccooiiiiiiiii i 3,0
Single transmission 1ine 330 kV ... 4,1
Single transmission 1ine 500 KV ......ccoooiiiiiiei i A2
Two parallel transmission lines 330 kV ononeroute .............ccccevvvviiiiniinennnnnn.. 5,9
Two parallel transmission lines 500 kV onone route ..............cccoevvivviiininnennnnnn.. 6,2
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In the process of modelling in the software product "Elplek™ there were some features
of the task and the calculation of certain elements. To simplify the understanding of the
specifics of specifying these elements, a mathematical experiment was carried out
according to the scheme in Fig. 3, b in the software product of symbolic mathematical
calculations, the results of which are presented in Fig. 4. It should be noted that when
setting the parameters of the transformer, it is necessary to pay attention to the fact that the
transformer has an additional magnetizing circuit, which, as a rule, is not taken into
account when calculating short-circuit currents and it is this that can introduce a certain
insignificant error (0.1-0.3 %) into the simulation results. According to [17,12] lol - rated
no-load current of the primary winding, (secondary winding is open), should be> 0, and if
the value of lol is unknown, then it can be assumed that o1 = 0.001 * In. lol should not

be too small, as this can lead to inaccurate calculations.
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Fig. 4 Results of symbolic calculations in a mathematical software product

120



"Enepzemuka i aemomamuxa'’, Ned, 2021 p.

T12 T12 {¥) Seguence inpedances
EUQ P Z(%)] curve AVQPUHZ[%] cumel Thevenin impedance
_I_L]J_I at the cowtnon point of TL7 T12 @ Olms
&%, Ohim Base Z =24564 0 ZT = 5.546 19.74i ; |EZT| = 20.504 11 = 74.3e
W R=1%0 __ o _
W2 10e3 X=_2Q Thewenin transient impedance
¥ 2 2l =2 e at__the cormon noint of TL? T1Z2 ; Chms
) 1 RO=102 ZT = ©&.546 19,741 ; BET| = Z0.504 m = T4.3e
o1 |IZIIZI1 i =20 Ll = eTmrn Te w1 ; | ZZ| = Z0.504 m = T4.3e
! 20 = 223607 2 Z0 = 12.596 69.091 ; |20 = 70.2:29 m = 79,68
#0 z Trs!nsfnrmer haze valles: - - -
RO 1 (‘V:illc:hla;;gegietc.belowj Jequence [(Subtransient) iwpedances
gl 0 T oeE i :
g Wi = 166 Vi I at the common pD:f.nt. of TL7? T1Z : Ohms
»yl 10ef wanf=[1 r 1 = ©5.545 19.741 ; |Z1| = Z0.504 m = 74.3e
Rg2 i ZZz = ©G5.545 19.741 ; |ZZ| = Z0.504 m = T4.3e
oz 106 [Z1] (%) [0,00895717 Z0 = 12.596  £9.09i ; |E0| = 70.22% W = 79.6g
A 0 || (%) 000400577 |fe
3 =
o L . Thewvenin = norwal reactances used
LES 0 EANE C Th.transient = transient reactances used
A 1e6 1£0] (25) 080235717 Secquence = subtransient reactances used
Vel 158e3 |R:0] (%) 0,00400577 |f+
W2 10e3 Lua (=) i
tapmin 1 KO/ ‘e
RO
tapmax 1
£ ¥O /RO 8
parall 1 = ——————— T
- |[[o= 000273664 xIn
QF, |Eancel| H|nt| ok —; )
IL,EIrIL.I:.'Il r||l"|[|
_Lﬂl'é"m act Ampacity]
a b C

Fig. 5 Simulation results in the software product "Elplek*’

Analyzing the information shown in Fig. 4 and fig. 5, b, we see the full
correspondence of the results of modelling and symbolic calculation in the mathematical
software product.

Subsequently, the value of single-phase asymmetric short-circuit current in the circuit
shown in Fig. 3, a had been analyzed in two cases: 1) provided that the internal resistance
of the power source is zero; 2) provided that the internal resistance of the power source is
a positive number, for example, we assume that the internal resistance of the system of
forward, reverse and zero internal sequences is equal to 1 Ohm. The results of analytical

calculation and calculation in the software product "Elplek" are shown in Fig. 6.
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Fig. 6. The results of analytical calculation and calculation in the

software product "Elplek™

Thus, we see that the simulation results provided the system as a source of infinite
=694.9 - j3522.2 A and calculations 1_,,=694.81— j3522.06 A on the active

call —

power |

mod1

part differ by 0.013%, and on the reactive - 0.004%; provided that the system is set as a
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source. of a certain power | ,,=654.7-)3427.4A and calculations

l.,,=654.67— j3427.25A on the active part differ by 0.0046%, and on the reactive -

cal2 —

0.0044%.

Conclusions and prospects, Thus, the reliability and validity of the scientific results
is ensured by the coincidence of asymmetric short-circuit currents calculation results in
simple power supply circuits with parallel branches, carried out on the basis of the
software product "Elplek”, with known analytical methods. This allows us to conclude
about the possibility of using the software product "Elplek” for the calculation of complex
branched power supply systems and in the emergency modes indicators analysis of their

operation for consumers of power systems certain segments.
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deiakykh elementiv v prohramnomu produkti «Elplek». Enerhetyka 1 avtomatyka, 3, 34-
44,

OCOBJIUBOCTI  PO3PAXYHKY HECHUMETPUYHUX CTPYMIB

KOPOTKUX 3AMUKAHDB Y IPOIT'PAMHOMY IMPOJAYKTI «ELPLEK»
O. B. I'aui, B. M. boodynos, A. B. ’Kunvyoe

AHoOTaNis. 3 Memoilo cnpowenHs ananizy pexicumie pooomu eieKmpuyHuUx Mepextc
3acmocosylomes  Cneyianizoeani Npocpamui  3acoOu  MamemMamuiyHo20 MOOeN08aAHM s
8i0N0GIOHUX npoyecis. IcHye GenuuesHa KilbKiCMb NPOSPAMHUX NPOOYKMIG, ajle
nepesadicha ix Oinvwicme € niamuor. s npogedenHs 00CNi0NCeHb 8 CKAAOHUX
eleKMpOeHep2emudHUX CUCMeMAax ma OMpPUMAHHA Pe3YIbmamis 6 NegHUX po30ilax npu
BUKOHAHHI NPAKMUYHUX MA KYPCOBUX podOIim, a MAaKodxiC HA NeGHUX emanax HAyKo8UX
00CNI0XMHCeHb asmopu Cmammi aKmueHo 3ACmOCO8YIOMb OE3KOUWMOBHUL NPOCPAMHUL
npooykm «Elpleky, arne npu enubwomy susuenni mosxciueocmeii npoecpammnoco npooyKmy
3IUMOBXHYIUCS 3 NEBHUMU OCOOIUBOCIAMU 3AB0AHHS OESAKUX napamempis, sKi O0eujo
BIOPI3HAIOMBCA IO 3A2ANLHO NPUUHAMOL GIMYUZHAHOI MEmOOUKU, wo NPpU3800UIO 00
OMPUMAHHA NOXUOKU 8 PO3PAXYHKAX 8 OKPEeMUX 8apiaHmax cxem eleKmpoeHepemuyHux
cucmenm.

Mema oocniddcenv — suguumMU  0COOAUBOCMI  PO3PAXYHKY — XAPAKMEPUCTUK
HeCUMEMPUYHUX KOPOMKUX 3aMUKaHb 6 npoepamuomy npooykmi « Elpleky ma nepesipumu
A0eK8amHuicms chopmosarux mooenell.

Ha nepwomy emani 6ys obparnuii 06’ exm 00CniodicenHss — ye cecMenm eneKmpuyHoi
Mepedici, wo Micmumb HeBeNUKy KilbKICmb 6Y371i8, ma npoeedeHUull meopemudHul
PO3PAXYHOK WIYKAHUX NAPAMEMPI8 PedCUMy KOPOMKO20 3AMUKAHHA 8 YbOM) Ce2MeHMI
eleKmpuyHoi mepedxci. Y nooanvuiomy 0y8 3anponoHosanuil nioxio wo0o 3a80aHH:
napamempie enemenmis y npoepamuomy npooykmi «EIpleky ma tpynmyrouucey na yvomy
nioxo0i npogedeHe MOOeNI08AH S, 8 pe3YIbmami K020 OMPUMATU Pe3YTbMamu 3a YMOGU
3a680aHHs cucmemu 5K odicepena HeCKIHYeHOI NOMYAHCHOCHIT

I =694.9- j3522.2A ma pospaxynxie 1, . ..,=694.81—]3522.06A sa

akmusno yacmuroio iopiznsaromocs Ha 0,013 %, a 3a peakmusrnoio — 0,004 %, 3a ymosu
3A80aHHs cucmemu 5K ddcepena negHoi nomyosicnocmi | =654.7— j3427.4A ma

=654.67 — J3427.25A 3a akmusHo 4acmuHoO 8iOPI3HAIOMbCS HA

Mmoodentosannsnl

MoOentosants 2

po3spaxyHkis | J—

0,0046 %, a 3a peaxmueniti — 0,0044 %, wo Ooaec moouciusicmos cmeepoA’cy8amu w000
O00YIILHOCMI BUKOPUCMAHHS 3aNPONOHOBAHO20 NIOX00Y NPU AHANI3I NOKA3HUKIE aB8APIUHUX
PexdcuMié  CKIAOHUX CcXeM eleKmpo3abe3neyenHHs CNoNCUBAYI8 NeGHUX CecMeHmMI8
eleKmpoeHep2emuyHUX CUCHEM.

Kuw4uoBi cioBa: mooenweanns cezmenma enieKkmpoenepzemudnoi cucmemu,
npozpamuuit npooykm «Elplek», 3ae0anna napamempie enemenmis, oonogazni
CMpPyMu KOPOMKO20 3aMUKAHHSA

OCOBEHHOCTH PACYETA HECUMMETPUYHBIX TOKOB
KOPOTKOI'O 3AMBIKAHUSA B TIPOI'PAMMHOM IMPOJAYKTE «ELPLEK»
A. B. I'ait, B. M. bodynos, A. B. ’Kunvyoe

Annoramus. C yenvio ynpowjeHusi aHauu3a pexicumos pabomsl 21eKmpuiecKux
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cemell NPUMEHSIOM CReYUaIU3UPOBAHHbIE NPOSPAMMHbBIE CPEOCMBA MAMEMAMU4ecKo2o
MoOenuposanus coomeemcmsyrouux npoyeccos. Cywecmeyem 02poMHOe KOIUUECMBO
NPOCPAMMHBIX NPOOYKMO8, HO NOOAsAIOWee UX OOIbULUHCIGBO ABNIAEMCS NIAMHbIMU. [
npoedeHUss UCCTIe008AHULL 8 CONACHLIX DNIEKMPOIHEPLEMUYECKUX CUCEMAX U NOJIyYeHUs]
Pe3VIbmMamos 8 OnpeoeieHHbIX pazoenax Npu GbINOIHEHUU NPAKMUYECKUX U KYPCOBbIX
pabom, a makdce HA ONPeOeleHHbIX IMANAX HAYYHLIX UCCIe008AHUL ABMOPbI CMAMbU
akmuseHo npumernsiiom 6ecniamuviil npoepammusii npooykm «Elpleky, no npu 6onee
2NYOOKOM — U3YUEHUU  B8O3MONCHOCMEU NPOSPAMMHO20 NPOOYKMA — CMOJKHYIUCH C
ONpeoeieHHbIMU 0CODEHHOCMAMU 3A0aYlU HEKOMOPbIX NAPAMEmpPos8, KOMopbie HeCKONbKO
OMAUYAIOMCSL  OM  OOWENPUHAMOU OMEeYeCMBEHHOU MemOoOUKU, 4mo NPUBOOULO K
NOJYYeHUI0  nocpewHocmu 6  paciemax 6  OMOEIbHbIX  CIy4asx — cxem
INEKMPOIHEPLEMUUECKUX CUCTIEM.

Llenv  uccneooganuil - u3yYUMb  OCODEHHOCMU — pacyemad  XApaKmMepucmux
HeCUMMEMPUYHBIX KOPOMKUX 3amblkanuil 6 npozpammuom npooykme «Elpleky u
npogepums a0eK8amHoCms CPOPMUPOBAHHBIX MOOeEell.

Ha nepsom omane Ovln 6vlOpan 00vekm UCCIE008AHUS =~ OMO Ce2MeHm
IEKMPU4ecKoll cemu, cooepxcaujeli HebOIbUIoe KOIULeC8o Y3108 U NpPOo8eoeH
meopemuyecKull paciem UCKOMbIX Napamempos pexicuma Kopomro20 3aMblKAHUsL 8 IMOM
ceeMenme ajeKmpudeckou cemu. B Oanvuetiuiem 0wl npeonodcen nooxXo0 K 3A0aHUI0
napamempog sjiemenmos 6 npozpammuom npooykme «EIpleky u ocnoswvisasce na smom
noo0xXo0e nposedeHo MoOeIUposanue, 8 pesyibmame KOmMopo2o NOLYYUIU Pe3YIbmanmbl
npu 3a0anuu cucmemul Kax UCTNOYHUKA OecKkoHeuHoU MOWHOCMU
000 =694.9— j3522.2A u pacuemos no axmusnou uwacmu | ,=694.81— j3522.06 A ,

komopwle omaudaromes Ha 0,013 %, a no peakmusnou - 0,004 %, npu ycnosuu 3aoaqu
cucmemvl Kak UCMouHUKa onpeoenennot mownocmu |, ., =654.7— J3427.4A u

pacuemos no axmusnou uacmu | ,=654.67 — j3427.25A , xomopvie omauuaromes Ha

0,0046 %, a no peaxmuenoii - 0,0044 %, umo Oaem B03MONCHOCHb YMBEPHCOAMb O
YenecooOpa3HOCMU UCNONL30BANHUSL NPEOIONCEHHO20 NOOX00A NpU aHAlu3e nokazameneu
ABAPUTIHBIX PEANCUMOB CILOJNCHBIX CXEM DNeKMPOCHAOICeHUs. nompebumeinei OnpeoesieHHbIX
Ce2MEHMO8 IIEKMPOIHEPLEMUYECKUX CUCTIEM.

KarueBble ciioBa: modenuposanue cecmeHma  I1eKMPOIHEPZEMUUECKOU
cucmemsl, npozpammustic npodykm «Elpleky, 3adanue napamempos 3nemenmos,
00HOGha3HblEe MOKU KOPOMKO20 3AMbIKAHUS
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