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devices operation in TN system. XVIth International Symposium on Electrical
Apparatus and Technologies, SIELA 2009,Proceedings,1, pp. 338-343

AHanu3 Ha paboTaTta Ha aedekTHoTOKOBM 3awmTn B TN cuctema

3aWmMTHOTO U3KMKYBaHE € npegnasHa Msipka, npunaraHa OBMKHOBEHO CbC 3aLUTHO
3a3emMsBaHe B CUCTEMU C HUCKO HanpexeHue IT, TT unn ¢ aBToMatnyHO U3knNioYBaHe Ha
3axpaHBaHeTo B TN-S, kaTo ce M3nons3eaT crneumanHin 3awmTHM YCTPONCTBa.

Hanocnegbk cuctemata TN-C ce 3ameHss cbc cuctemata TN-S unu TN-C-S wu
nedektHoTokoBuTe yctponctea (RCD), npeBknioyBawiyM OT TOKOBE C  Hynesa
nocrnegoBaTernHocT, BCe NoBeYe ce 13nonseart. Te ocurypsasat U 3allmTa CpeLLy AMpeKkTeH
KOHTaKT B CMCTEMATa 3a HUCKO HanpeXXeHue, HO KaTo JOMbHUTENHA 3awmTa.

ABTOpUTE Ha cTatuATa ca paspaboTunn MMUTAUMOHHM MOLEenM Ha epgHodasHa
OedeKTHOTOKOBa 3allMTa U ca pasrfiefaHn pasnuyHuTe cUTyauum Ha OUPEKTEH N HenpsiK
KOHTaKT Ha 4Y0BEK B ernekTpuyecka mpexa Hucko HanpexeHue TNC-S npu HopmanHu
PEXNMU N PEXMMM Ha nNoBpeaa. M3nonssaTt ce COBCTBEHN MOAENHN CXEMU Ha aBTOpUTE 3a
MPEXM HUCKO HarnpexeHue. MogenHute cxemu n cumynauuuTte ca HanpaseHu B Matlab
Simulink. 3cnegBaHuTe cnyyawm ca:

- lMpeKTeH KOHTaKT € Yactu nog pas3nudHun noteHumanu B TN-C-S, a nmeHHo mexay dasa
N HeyTpaneH NPOBOLHUK.

- [lnpekTeH KOHTaKT ¢ TokoBoAeLla YacT (dasa) B TN-C-S. Mima noBpega kbM 3emsaTa (KbM
Kopnyca Ha enekTpuyeckoTo obopyasaHe).

- NInoupekTeH KOHTaKT ¢ Kopryca Ha ToBapa B TN-C-S cbC cnyyanHoO npekbcBaHe Ha
nposogHuka PEN npeaun notpebutenckoto pasnpeaenutenHo tabno. PasrnegaHun ca aea
cnyyas — Nnpu Hanu4yMe Ha 3asemMsiBaHe Ha 3alnTHUA NPOBOAHUK OT 10 omMa 1 Npu nunca Ha
3asemsdBaHe.

- NHOMpekTeH KOHTaKT CbC 3axpaHBalma kopnyc Ha ToBapa B TN-C-S npu kbco
cbeanHeHne mexay egHa dasa — PEN npoBogHuk B yactta TN-C Ha mpexara.
PesyntatuTte oT nscnegsaHeTo ca:

- RCD He 3apgencTBaT 1 Npes 4YoBeka NpoTunya onaceH oubpunaumoHeH Tok 3a Cnyyamn 1 n
3 (Mpw nMnca Ha 3a3eMuTerieH enekTpos Ha 3alwmMTHUA NpoBoaHKK PE B noTpebutenckoto
pasnpegenutenHo tabno RU);

- RCD He ce 3agencTBaT, HO TOKLT, NPOTUYALL, NPEe3 YOBEKA, HE € onaceH 3a crny4vam 4;

- U3knouBaHe Ha RCD 3a criyvar 2 1 CTOMHOCTTa Ha TOKa Ha U3KMoYBaHe NpakTUYeCcKn He
3aBuUCK OT CTONHOCTTa Ha RU;

- TokoBeTe Ha NoBpeda He moraTt fa 3agenctsaT YCTPOWCTBA 3a 3alumTa cpeLly KbCo

cbeanHeHne, MoHTupaHu npean RCD, Tbh KaTo TEXHWUTE CTOMHOCTWU 3a U3cnenBaHuTe
cnyyaum ca no-marku oT HeobxogumuTe.
PaspaboTeHnTe CMMynaumMoOHHN MOSENN HA ENEKTPUYECKN MPEXM HUCKO HaMNpeXXeHne n Ha
egHodasHn RCDs paBaT Bb3MOXHOCT 3a M3BbPLUBAHE Ha MNO-Mpeuu3eH aHanuM3 Ha
enektpuyeckata 6GesonacHocT. EnektpobesonacHocTTa € KoMMfekcHa u TpsibBa Aa
BKITHOYMBA U APYrM U3NCKBAHWUS, KaTo: - Aa U3NMbIHSABA CTPUKTHO OPraHU3aunNoHHUTE MEPKM
3a 6GesonacHocT npu pabota; [Ja wu3NbrHABaA CTPUKTHO TEXHUYECKUTE MEPKM 3a
6e3onacHocT npu paboTta; [la nogabpXa HENpeKkbCBAaeMOCTTa Ha 3alUTHUTE KOHTYpU
(cbaza-sawmTteH npoBogHuKk PE, 3awmTHO 3azemsBaHe) M Oa M3BbLPLUBA NEPUOSUYHM
KOHTPOMHN M3MepBaHus 3a TsX; Hanmune n cCboTBETCTBME C HOPMATUBHUTE CTOMHOCTM Ha
3a3eMUTENHUA  enekTpod Ha 3awuTHuMa npoBogHuk PE B notpebutenckoto
pasnpegenutenHo Tabno.
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Analysis of the residual current devices operation in TN system

The protective disconnection is a precaution applied commonly with protective earthing in
systems low voltage IT, TT or with automatic disconnection of supply in TN-S, using
special protective devices.
Latterly the system TN-C is replaced with the system TN-S or TN- C-S and due to the
residual current devices (RCDs), switching from currents with zero sequence, are
increasingly used. It provides also protection against direct contact in the low voltage
system, but as an additional protection. The protective disconnection is generally the best
and the most reliable protective measure developed to provide protection against electrical
shock in the presence of technically good working protective apparatus and the proper
installation in the low voltage system.
The authors of the paper have developed imitation models of one- phase residual current
device and the different situations of direct and indirect contact of a person in an electrical
grid low voltage TNC-S under normal and fault regimes are considered. Authors' own
model schemes for grids low voltage are used. The model schemes and simulations are
made in Matlab Simulink. Researched cases are:
- Direct contact with parts under different potentials in TN-C-S, namely between a phase
and the neutral conductor. The person, contacting with these parts.
- Direct conkact with a live part (phase) in TN-C-S. There is a faulting- to- ground (to
electrical equipment's enclosure) neutral.
- Indirect contact with the enclosure of the load in TN-C-S with an accidental interruption
of the conductor PEN before User Distribution Board. The research is done at the
presence of an earthing electrode of the protective conductor PE in the User Distribution
Board RU Two cases are considered— at the presence and at the absence of RU 10 oms.
- Indirect contact with the energized enclosure of the load in TN-C-S under a short circuit
between one phase — PEN conductor in the part TN-C of the grid.
The fulfilled research presented:
- RCDs do not trip and a dangerous fibrillation current flows via the person for Cases 1
and 3 (in the case of absence of an earthing electrode of the protective conductor PE in
the User Distribution Board RU);
- RCDs do not trip, but the current flowing via the person is not dangerous for case 4;
- RCDs trip for Case 2 and the value of tripping current does not practically depend on the
value of the RU',

- The fault currents can not activate Short Circuit Protective Devices, installed before
RCD, as their values for the investigated cases are less than needed.

The developed simulation models of electrical grids low voltage and of one phase RCDs
give a possibility to fulfill more precise analysis of the electrical safety. The electrical safety
is a complex and must include and other requirements, as: - To fulfil strictly the
organizational measures for safety at work;

- To fulfil strictly the technical measures for safety at work;

- To keep the uninterruptedness of the protective loops (phase- protective conductor PE,
protective earthing installation) and to do periodical control measurements for them;
- Presence and accordance with the normative values of the earthing electrode of the
protective conductor PE in the User Distribution Board Rtf,

- Personal protective means to ensure good insulation of the person from the ground.
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relay protection and surge protective devices in electrical power networks
medium voltage 20 kV, (2009) Journal of Electrical Engineering, 60 (3), pp. 170-
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KoopanHupaHe pabotata Ha ycTpoucTBaTa 3a penevHa 3awmrta M 3awmrta oT
npeHanpexeHue B eNleKTPUYeCKN Mpexun cpeaHo HanpexeHue 20 kV

Han-pasnpocTtpaHeHaTa enekTpopasnpegenurernHa Mmpexa cpeiHO HanpexXeHue B
Bbunrapua e c HanpexeHueto 20 kV. [lo-ronamaTta 4yact OT TAX € OT Bb3AyLUHM
ernekTponpoBoan. HagexaHocTTa Ha Bb3OyLUHUTE €enekTponpoBOAW € Han-BaxHaTta
XapaKkTepucTMKa 3a HENPEKbCHATOCT Ha JOCTaBKUTE Ha noTpebutenuTe.

OcurypsiBaHeTO Ha HEMNPEeKbCHATOCT Ha [OCTaBKMTE € MHOro0 BaXHa 3ajaya 3a
eneKkTPoOeHepPrumnHUTE KOMNaHuu.

EOuH oT meToguTe 3a nocTuraHe Ha HaOEeXAHOCT Ha OOCTaBKUTE Ha enekTpudecka
eHeprna e npasunHata paboTta Ha penenHaTa 3awmTta M mM3bopa Ha ycTponcTea 3a
3awmTa OT NpeHanpexeHus.

Llenute Ha cTaTtmnara ca:

— [Ja ce koopavHupa paboTtata Ha ObpaogencTBawiata penenHa 3awmta (QORP) wm
yCTpoucTBaTa 3a 3awmrta oT npeHanpexeHne (SPD) noa BnusiHe Ha aTMoCdepHU
npeHanpexeHus.

- [a ce npegnoxar npenopbku 3a HacTpomka Ha Obp3ogencTBaLLUN PeNenHn 3alunT 1
n3bop Ha eHeprMmHa cnocobGHOCT Ha MeTanoKCUAHM BEHTUITHM OTBOAM, 3a [a He ce
akTusupat HenpasunHo QORP nopagu npeHanpexeHus oT MbHUS.

PasrnexxgaHaTta enekrpuyecka cMctema ce CbCTom OT 3axpaHBalla mpexa 110 kV, cunos
TpaHcdopmatop 110/20 kV, Bb3agyweH enektponposog 20 kV M HanpexeHOBU
n3mepBaTenHu TpaHcdopmaTopu. KaTo 3aluTHM YCTpPOMCTBaA 3a OrpaHM4yaBaHe Ha
npeHanpexeHna ce n3nonsesaT MeTariokenaHn BeHTUnHM oteoam (MOSA),a penerHaTa
3amTa cpeLly KbCu CbegMHEeHUs1 € MakCMMarniHOTOKOBa OTCeYKa.

MopgenbT Ha uscrnegpaHaTa cuctema e nsrpageH 8 MATLAB SIMULINK.

Cnep npoBegeHnTe CUMyNaUNOHHN N3CNeABaHUSA ca HanpaBeHU CnegHuTe U3BOAN:

1) Mpw HacTporkn Ha BpemeTo 3a maknouBaHe o 20 ms n OPL ¢ gbmkuHa Hag 15 km,
IOPR 3anouyBat pga pabotar nog BAWAHME Ha U3cnedBaHUTe aTMocepHU
npeHanpexeHus.

2) Mpn pgBykpaTHaA MBNHUA BbpXy a3oBUA MPOBOOAHUK B Pa3CTOSHWETO MexXAay
nocrnegHute Apa nonoca Ha OPL eHeprusTta, pascenmBaHa B MOSA, HagsuwaBa
rpaHn4YyHaTa My eHepruimHa cnoCobHOCT NO KaTanoXHWU AaHHMW.

3) Nacnegeann MOSA c¢ Uc=20 kV opaHunyaBaT npeHanpexeHuara 3a BCUYKM
nscneaBaHu BapuaHTu. MNMpenopbunMTenHoO € HacTponkaTa 3a M3KIK4YBaHe No BpeMe Ha
IOPR B OPL ¢ gbmkuHa Haa 15 km ga 6bae nosede ot 20 ms.

OTHOCcHO u3bopa Ha MOSA: HeobxoouMo e aa ce cnasBaT CTPUKTHO MPEnopbKM Ha
NpoOu3BOANTENNTE N HOpMaTMBHUTE n3nckBaHusa. MOSA ¢ BUcoka eHeprumHa cnocobHOCT
TpsGBa ga ce npegnoynTaTt B paoHN C MHTEH3NBHA MbJ/IHUEHOCHA AENHOCT.
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Co-ordination of the operation of the relay protection and surge protective
devices in electrical power networks medium voltage 20 kV

The most widespread electrical distribution network medium voltage in Bulgaria is
this with the voltage of 20 kV. There are different kinds of erection of the grids 20 kV —
the overhead power line or the cable. The bigger part of them is an overhead power line.
Reliability of the overhead power lines is the most important feature for the continuity of
the supply of the consumers.

One of the methods to achieve the reliability of the electric power utilities is the
correct operation of the relay protection and the advisable choice of the surge protective
devices.

The aims of the paper are:

— To coordinate the operation of the quick operating relay protection (QORP) and the
surge protective devices (SPD) under an influence of the lightning overvoltages

due to strokes of lightning over the electrical power networks 20 kV;

— To suggest recommendations about setting up of quick operating relay protections and
energy capability of metal oxide surge arresters in order not to activate wrongly QORP
due to lightning overvoltages.

The electrical system under consideration consists of a supply system 110 kV, a power
transformer 110/20 kV, an overhead power line 20 kV (OPL) and voltage measuring
transformers. As protective devices against overvoltages MOSA are used and as a
protective relays against short circuits IOPR are used.

The model of the researched system is built in MATLAB SIMULINK.

After the simulation studies, the following conclusions were drawn:

1) At the tripping time settings up to 20 ms and OPL’s length over 15 km the IOPR start
working under influences of the researched lightning overvoltages.

2) In case of a repeated lightning over the phase conductor in the distance between the
last two poles of the OPL the energy, dissipated in MOSA, exceeds the limit energy
capability according to the catalog data.

3) Researched MOSA with Uc = 20 kV limit influencing overvoltages for all researched
variants. It is recommended the time tripping setting of the IOPR in the OPL with a length
over 15 km to be more than 20 ms.

About the choice of MOSA: it is necessary to be kept strictly recommendations of the
producers and normative requirements. MOSA with high energy capability should

be preferred in the areas with intensive lightning activity
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B4-03. M. Vassileva, M. Yordanova, Y. Rangelov, and N. Nikolaev, Simulation of the
process of arising and limitation of lightning surges in medium voltage
power grids, 12th International Conference on Environment and Electrical
Engineering, 2013, pp. 180-185.

CumynupaHe Ha npouec Ha Bb3HUKBaHe U orpaHn4YaBaHe Ha MbJiIHUeBU yaapu B
eJIeKTpUu4eCKn Mpexum cpeaHo HanpexeHue

ATMOCEepHUTE npeHanpexXeHns BbB Bb3OYLWHUTE JIMHUM Bb3HUKBAT NpU
OVPEKTEH yAap Ha MbIHMA Ha nuWHMATA unm 6nu3o 0O nuHMATa  (MHAYKTMpaHu
npeHanpexeHus). NpakoTo nonageHne Ha MbITHUS Ha4 NMHUATA € OCHOBHATa NpUYnHa
3a paspywaBaHe Ha mexaydasHaTta nsonaumsa n HapyllaBaHe Ha HopMmanHata paboTa
Ha enekTpuyYecknTe Mpexu. ATMOCHEPHUTE NpPeHanpexeHns ca OOMUHMpaWM B
eNeKTPUYECKNTE MpeXn cpeHo HanpexeHune . Okono 80 % oOT noBpeauTe BbLB
Bb3AyLUHUTE €NeKTPonpOBOAM CbC cpeaHO HanpexeHne (MV) ce abmkat Ha MbIAHUN.
CnepoBaTtenHo Te onpenensaTt nsbopa Ha yCTPOMCTBA 3a 3awuTa OT NpeHanpexeHue
(SPD). 3a cumynupaHe Ha npoueca Ha oOrpaHuMdaBaHe Ha aTtmocepHute
npeHanpexeHns ca Cb3ganeHn CUMynauMoHHN MOLENN Ha ENEKTPUYECKN MPEXN CPEAHO
HanpexeHne, 3acerHaTn OT NpeHanpexeHus. Llenta Ha cratndata e ga ce cumynupat
Bb3MOXHU MpeHanpexeHuss B enektpuyecka mpexa 20 kV npu pasnuyHu cxemu 3a
TSAXHOTO OrpaHM4yaBaHe W Mo TO3M Ha4MH Oa Ce OCUIypU HMBO Ha 3alimMTa U eHeprunHa
CMOCOBHOCT Ha ycTpoucTBaTa 3a 3alumTa OT MpeHanpeXeHus, KakTo U KoopAnHauus Ha
nsonaumata. Cnea TakbB aHann3 MOXe a ce Hanpasu noaxoasiy n3bop Ha ycTponcTea
3a 3awuTa oT npeHanpexeHue. acnegBaHnte pakTtopy Ha Bb3AencTBue ca: MSCTO Ha
MOHTax Ha SPD; 6pon nsnusawm Bb3ayLHN enekTponposoamn ot nogctaHuus 20 kV; sBug
Ha Bb3gencreawmTe BbniHUTe. Cumynaummte ce nssbpuBat ¢ Matlab.

B poknaga ca npefcraBeHM MOLENU Ha eneMeHTUTe Ha uacrefBaHaTa enekTpuyecka
Mpexa (Mogen Ha CcunoB TpaHcdopMaTop 3a W3cregBaHe Ha eneKkTPOMarHUTHU
NPexoaHn npouecu, Moaen Ha MeTanokcnaeH BeHTuneH oteog (MOSA) 3a uscnenBaHe
Ha NPEexXoAHN NpoLecn CbC CTPbMHA BbJIHA ) U MOAENM HA Bb34ENCTBALLUUTE BbIIHU Ha
npeHanpexeHne — OT NPSK yaap v UHOYKTUPaHW.

N3cnepgBaHo e  3aWMTHOTO AeNCTBME W eHeprurHa cnocobHoct Ha MOSA npwu
Bb3JENCTBME Ha MbIHMATA BbPXYy €4Ha OT hasnTe Ha Bb3AYLIEH ENEKTponpoBog
(OHPL). lNpoBeneHn ca BapnaHTHU n3cnegBaHus B 3aBUCUMOCT OT KOH(Urypaumsta Ha
MpexaTa u MACTOTO Ha MOHTaXx Ha MOSA.

[loKkyMEHTBbT npegnara CUMyMauMoOHHM MOAENN Ha CuNoBu TpaHchopMaTopu U
YyCTPOWCTBaA 3a 3aluTa OT MpeHanpexeHue, MOAXOASAWM 3a Wu3cnedBaHe Ha
eNeKkTPOMarHUTHNU MpexoaHu npouecn. PaspaboTeHM ca MoAenu Ha CMYyLeHus,
UMUTMPALLM AOMPEKTEH yAap Ha MbIHUS, KAKTO M MHOYUMPaAHO MNpeHanpexeHue Ha
MbHUSA. Pe3yntaTtute oT cuMynaumsita oueHsiBaT Heo6X0AMMOCTTa OT MHCTanvpaHe Ha
yCTpPOWCTBa 3a 3awuTa OT npeHanpexeHve B [OBaTa Kpas Ha kabenHaTta nuHUS.
MonyyeHnte pesyntatn ca obocHOBaBalM NpeunsHns u3bop Ha napameTpute Ha
MEeTanooOKCUAHUTE OTBOAMTENM C OTYUTAHE Ha MpexoBaTa KOHdurypaums wu
npunoxeHuTe cMyLLeHns. ToBa e ocurypuy no-gobpa koopanHauus Ha nsonaumsTa.
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Simulation of the process of arising and limitation of lightning surges in medium
voltage power grids

Lightning surges in the overhead lines can be received dueto either direct lightning
stroke over the line or near the line (induced surges). The direct lightning stroke over the
line is themain reason for breakdown of the phase-to-phase insulationand disturbance of
the normal operation of the electricgrids. Lightning surges are dominant in the electric
powergrids medium voltage [1]. About 80 % of the faults in mediumvoltage (MV) overhead
power lines are due to lightning surges.Therefore they determine the choice of surge
protective devices(SPDs).To simulate of the process of limitation of the
atmosphericsurges, simulation models of MV electric grids as affected bysurges are
created.The aim of the paper is to simulate possible overvoltages inan electric power grid
20 kV at different schemes for theirlimitation and thus ensuring protective level and
energycapability of the surge protective devices, as well ascoordination of the insulation.
After such analysis anappropriate choice of devices for surge protection can be made.The
investigated impact factors are: installation place ofSPDs; number of out coming overhead
power lines fromsubstation 20 kV; kind of influencing surges. The simulationsare

performed with Matlab.

The report presents models of the elements of the investigated electrical network
(a model of a power transformer for the study of electromagnetic transients, a model of a
metal oxide surge arresters (MOSA) for the study of transients with a steep wave) and

models of the impact waves of overvoltage - from direct impact and induced.

The protective action and energy capability of MOSA during a lightning strike on
one of the phases of an overhead power line (OHPL) was investigated. Variant studies
were conducted depending on the network configuration and MOSA installation location.

The paper proposes simulation models of powertransformers and surge
protection devices appropriate forelectromagnetic transients study. Disturbance models
aredeveloped imitating direct lightning stroke as well as inducedlightning
overvoltage. The simulation results assess the necessity of installation ofsurge
protection devices on both ends of the cable line.The obtained results are ground for
precise choice of theparameters of the metal-oxide surge arresters accounting
thenetwork configuration and the applied disturbance. This will ensure better insulation

coordination.
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of 110 kV substation, in 2014 14th International Conference on Environment and
Electrical Engineering, EEEIC 2014 - Conference Proceedings, 2014,
pp. 113-115,
https://www.researchgate.net/publication/266021359_Model_Study_of Lightning_Protection
_of 110 _kV_Substation

MopenHo uscneaBaHe Ha MbiiHMe3awuTa Ha noactaHumsa 110 kV
Enektpuyeckoto obopyaBaHe B pasnpenenurenHuTe ypeadu 3a cpeaHo U BUCOKO
HanpeXXeHne, KOMTO UMaT CBbP3aHW Bb3AYLUHU SINHUK, € 3aLUTEHO OT NpeHanpexeHue ot
MBJTHUSA C MeTanokcuaHn BeHTUnHM oteoan (MOSA). Enektpuyeckute u MexaHuyHm
ceonctBa Ha MOSA TpsibBa ga oTroBapsAT Ha ekcrnnoaTaunoHHUTE YCIOBUS Ha
noactaHumnata. BeHTunHuTe oTBOAM OBMKHOBEHO Ce CBbP3BaT Bb3MOXHO Han-6nmM30 0o
KnemuTe Ha CunoBusi TpaHcopmaTop 1 B Ta3nm Bpb3ka ca HE0OXOANMU JONMBbIAHUTENHN
N34YMCNEHNS.

To3n QoKyMeHT npeactaBA MOLENHO M3cnefBaHe Ha ygap OT MbINHUA BbpXy Bb3gylUHA
NMHWS N HETOBOTO Bb3AENCTBME BbpXy 000pyABaHETO Ha pa3npeaenutenHa ypeaba 110 kV,
BkntountenHo MOSA.

Simulink® ce wu3nonsea kaTo cuMynauMoOHHa cpeda 3a Cb3gaBaHe Ha Mogen Ha
BMCOKOBONTOBA KOMyTauMOHHa anapatypa, BkniountenHo MOSA wn 3a uscnegBaHe Ha
npouecute, CBbp3aHM CbC 3awmrtata oT MbNHUKM. MOSA Tpsbea p[a rapaHTupaTt
HagexgHoCcTTa Ha 0bopydBaHETO U enekTpoeHeprMmHaTa cuctema kKato usno. 3a ga ce
rapaHTupa HagexaHocTTa, TpsbBa Aa ce HanpaBu npaBuneH M3bop Ha napameTpuTe Ha
MOSA 1 ToukaTa Ha CBbp3BaHe.

CMMYNAUMOHEH MOJEJT HA PY 110 KV - L1 n L2 ca Bb3aywwHuTe enektponposoan, Tp —
cunos TpaHcopmatop, TH — TpaHchopmaTop Ha HanpexeHune; N1 — NIMHENHU NpeKkbcBay K
M2 e cekUMoHEH NpeKkbCcBau.

N3cnegBaHa e ekBMBaneHTHaTa enektpuyecka cxema. Bcumukn enemeHTM Ha cxemata ca
npeacTaBeHn OT KOHAEH3aTopu ¢ onpeaeneH kanaumtet. Mogenupat ce BJ1 ¢ pasnpegeneHun
napameTtpu. HnBoto Ha 3awmta Ha MOSA e 256 kV. YaapbT Ha MbnHUATA € MoAenupaH Kato
ynpaBnsBaH U3TOYHMK Ha Tok ¢ amnnutyaa 80 kA u dpopma 1/10 ps.

PE3YJITATU OT CUMYTNAUNATA

[11.1. Cnyyan Ha ygap oT MbnHua Bbpxy BJ1 n NC 6e3 MOSA 3awmTa

TpudasHuTe HanpexeHus B TodkaTa Ha ydapa Ha MbIHUMATA U KNEeMUTE Ha CUIOBUS
TpaHcgopmaTop ce HabnogasaTt B cnegpallmTe nogpasgenu.

A. Yoap oT MbinHUA BbpXy dha3oB NPOBOAHMK HA NUHUS L1

PasrnenaH e cnyyan Ha ygap Ha MbiHUA BbpXxy a3os nposoaHWK B Ha nuHua L1. ToykaTta
Ha yaapa e Ha 100 m o1 TpadoonocTa. KpasT Ha L2 e 3a3emeH. Pesyntatute ca npeacraBeHu.
B. Ygap oT MbnHus Bbpxy pa3oB NPOBOAHMK HA NUHUA L2

W3cnegsaH e 1 criyyan Ha ygap oT MbSiHUA BbB dasa B Ha nuHua L2. ToykaTa Ha yaapa e
Ha 100 m ot TpacpbonocTa. KpaaT Ha L1 e 3a3eMeH.

[11.2. Cnyyan Ha yaap oT mbnHusa Bbpxy BJ1 u MNC, 3awmteHa c MOSA

MogensT 3a cMMmynaums Ha pasnpegenutenHa ypeaba 3a BUCOKO HanpexxeHwe, npeacTraBeH
B CTaTusATa, MOXe YCMNeLlHo Aa ce U3MNon3ea 3a u3cnegBaHe Ha Bb3eNCTBMETO Ha NbTyBaLu
€NeKTPOMarHUTHU BbIHW, MPUYNHEHMN OT yAapu Ha MbIHUS.

Pa3paboTeHnaT mogen Moxe fa ce M3non3ea 3a u3cneaBaHe Ha 3alMTHUTE XapakTepUCTUKA
Ha MeTanoOKCMAHWUTE BEHTUITHM OTBOAM B eNeKTpudecku nogctaHuun. Moxe ga ce nsnonssea
n 3a npeunseH nsbop Ha napametbp Ha MOSA, kaTto ce B3eme npeasua obopyaBaHeTo,
WHCTanupaHo B pasnpegenurenHara ueHTpana.
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Model study of lightning protection of 110 kV substation

The electrical equipment in the MV and HV switchgears which have overhead lines connected,
is protected from lightning overvoltage by metal-oxide surge arresters (MOSA). The MOSA'’s
electrical and mechanical properties must comply with the operational conditions of the
switchyard. The surge arresters are usually connected as close as possible to the power
transformer terminals and in this regard additional calculations are necessary.

This paper presents a model study of lightning stoke on overhead line and its impact on the
equipment of a 110 kV switchgear including the MOSA.

Simulink® is used as a simulation environment to create a model of HV switchgear including
MOSA and to study the processes related to lightning protection. The MOSA have to ensure
the reliability of the equipment and the electric power system in general. To guarantee the
reliability, a correct choice of the MOSA’s parameters and connection point has to be made.
SIMULATION MODEL OF 110 KV SWITCHGEAR - L1 and L2 are the overhead power lines,
Tp — power transformer, TH — voltage transformer; N1 — line circuit-breaker and 12 is the
sectioning circuit-breaker.

The equivalent electrical circuit has been investigated. All elements of the circuit are
represented by capacitors with certain capacity. The overhead lines are modelled with
distributed parameters and their characteristic impedance is specified. MOSA’s protection
level is 256 kV. The lightning stroke is modelled as a controlled current source with amplitude
of 80 kA and shape 1/10 ps.

SIMULATION RESULTS

[11.1. Case of lightning stroke on the overhead lines and switchgear without MOSA protection

The three phase voltages in the point of the lightning stoke and the power transformer
terminals are observed in the following subsections.

A. Lightning stroke on a phase conductor of line L1

A case of lightning stroke on phase conductor B of line L1 is considered. The stroke point is
100 m away from the substation. The end of L2 is grounded. The results are presented.

B. Lightning stroke on a phase conductor of line L2

A case of lightning stroke on phase B of line L2 is also studied. The stroke point is 100 m away
from the substation. The end of L1 is grounded.

I11.2. Case of lightning stroke on the overhead lines and switchgear protected by MOSA

The HV switchgear simulation model, presented in the paper, can successfully be used to
study the impact of travelling electromagnetic waves caused by lightning strokes.

The developed model can be used to study the protection characteristics of the metal-oxide
surge arresters in electrical substations. It can also be used to make precise parameter choice
of MOSA taking into account the equipment installed in the switchyard.
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B4-05 Influence of Frequency on Resistivity and Dielectric Permittivity of Multilayer
Soil
Dimitrova R., M. Vasileva, K. Kardjilova
18th international symposium on electrical apparatus and technologies, siela
2014 - proceedings, 2014, pp. 37-40.
tps://www.researchgate.net/publication/269270200_Influence_of frequency_on_resistivity_a
nd_dielectric_permittivity_of _multilayer_soil

BnusHue Ha yecTtoTaTta BBbpPXY CBbNPOTUBIIEHNETO N ANeneKTpnuiHata
MPOHUNLAEeMOCT Ha MHOrocriomHa no4yBsa

B nutepatypata HsiMa CblUeCTBYBallM [AHHM 3@ CbNPOTUBMEHMETO Ha NoyBaTa U
AMenekTpMyHata nNpPOHMUAEMOCT Ha NoyBaTa 3a  pPas3fMyHM  4YecToTM  Ha
enekTpomarHuTHoTo none. NpeanmHo nma gaHHKM 3a Yectota 50 Hz. CbnpoTnBneHneTo
Ha noyeBaTa BINMsi€ BbPXy ronieMuvHata Ha CbApOTUBNEHMETO Ha 3asemuTens. Tosa
CbMpOTMBINEHNE Ha no4yBaTa TpsibBa ga 6bae TOYHO onpeneneHo B 3aBMCUMOCT OT
yecToTaTa Ha Toka npes3 3a3eMuTens u no4ysata. [pu yaap Ha MbIIHUMS BbpXYy 3a3eMeH
06eKkT npoTMya uMmnysriceH ToK. Bb3HMKBAT BMCOKOYECTOTHW MpoOLEecKH, nopagn KoeTo
napameTpute Ha noyeaTta TpsAbBa ga G6baaT NpeunsHo onpeneneHn 3a CboTBETHaTa
yectoTa. ToBa € Heob6X0AMMO 3a CbCTaBsAHE Ha NMpaBWUMEH MOAEN Ha 3a3emMuTenHaTa
WMHCTanauus 3a uacnegsaHe Ha BbfHOBU Npouecu. Llenta Ha HacTosAwma aoknag € aa ce
Hamepu MaTeMaTMYECKOTO YpaBHEHNE, ONMCBALL0 3aBUCUMOCTTA OT CbMPOTUBIIEHNETO U
AnenekTpuyHaTa NpoHMLAeMOCT Ha YyecTtoTaTa 3a MHOrocrnomnHa noysa. [lpoBeneHu ca
eKCMNepUMEeHTU 3a u3cneaBaHUTE 3aBMCUMMOCTM 3a KOHKPETHOTO none Ha 6baewa
nogcraHuus. Baetn ca npobu ot TepeH, n3bpaH 3a 6baelwa noacraHumsa. Npobute ce
B3emaT oT 0.4m un 0.8m gbnboynHa M OT NOBBLPXHOCTTA Ha noyBaTa. /3BbpLUEHN ca
eKcrnepuMeHTanHn n3cnegBaHnsa Ha NOYBEHNTE NapaMeTpy 3a BraXKHa M Cyxa U poxkaBa
1 npecoBaHa no4yea. TUNbT YCTPOUCTBO, M3MOM3BaHO 3a nscnensaHeTo, e Precision LCR
Meter. 3a namepBaHe Ha guenekTpuyHata NPOHULAEMOCT Ha nodBata Cce U3nonaea
ANENEeKTPUYHUAT MeToA 3a u3mepsaHe. Cnep ToBa ce U34ncnsaBaT CbMPOTUBIEHNETO U
AnenekTpuyHaTta npoHuuaemocT. M3uncnennte gaHHu ce obpaborBat oT codryepa
Grafer. M3non3BanHuAT AuenekTpuyeH MeTod 3a Uu3MepBaHe Ha AUENEKTPUYHUTE
XapaKTepUCTMKM Ha No4yBaTa MOXe Ada Ce M3Mon3Ba 3a uacnenBaHe Ha MHOTOCNONHU
nouysn. OnpegeneHata maTtemMaTudecka (PyHKUMS 3a 3aBUCUMOCT OT CbNPOTUBIIEHNETO
Ha No4yBaTa Ha YecToTaTa MOXE [a Ce U3NON3Ba 3a U34YMCNsiBaHE Ha CbMPOTMBIIEHNETO
Ha 3aseMuTens 3a onpegeneHa 4YecToTHa BenuuuHa. [lonyvyeHuTe mMaTtemaTU4ecku
n3pasun 3a 3aBUCMMOCTTA Ha AMEneKTpuYHaTa NPOHULAEMOCT OT YecToTarta we 6vaaT
N3NON3BaHM NPU U3YMCNISIBAHE Ha KanauuTeTa Ha 3aseMuTenHata cuctema. 1o3m
KanauuTeT € HeobGxoaum 3a m3rpaxkgaHe Ha MoenHaTta CXxemMa Ha MHeTanaumsaTta 3a
n3cnegBaHe Ha BbITHOBUTE MPOLIECU B HeS.
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Influence of Frequency on Resistivity and Dielectric Permittivity of Multilayer Soil

There are no existing data in the literature for Soil resistivity and soil dielectric permittivity
for different electromagnetic field frequencies. Mostly there are data for frequency 50 Hz.
The soil resistivity influence on the magnitude of the ground rod resistance. This soil
resistivity needs to be sharp determined on dependence of the frequency of the current
through the ground rod and soil. If the lightning stroke on the grounded object an impulse
current flows. High frequency processes emerge, so the parameters of the soil must be
precisely determined for the corresponding frequency. This is necessary to compose
correct model of the grounding installation for investigation of wave processes. The aim
of the current report is to find the mathematical equation describing the dependence on
resistivity and dielectric permittivity of frequency for multilayer soil. Experiments have been
taken for the researched dependencies for the particular field of future substation.
Samples have been taken from a field chosen for a future substation. The samples are
taken from 0.4m and 0.8m deep and from the soil surface. Experimental researches have
been made for the soil parameters for wet and dry and loose and pressed soil. The device
type used for the research is Precision LCR Meter .

For measuring of the soil's dielectric permittivity the dielectric method for measuring is
used. After that resistivity and dielectric permittivity are calculated. The computed data are
processed by the Grafer software. The used dielectrical method for measuring the soil
dielectric characteristics can be used for multilayer soil research. The determined
mathematical function for dependence on soil resistivity of the frequency can be used for
calculating the grounding rod resistance for particular frequency magnitude. The resulting
mathematical expressions for the dependence of the dielectric permittivity of the frequency
will be used when the capacity of the earthing system is calculated. This capacity is
needed on construction of the model scheme of the installation for the study of wave

processes in it.
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B4-06. M. Vasileva, N. Velikova, and T. Dimitrov, “Research of atmospheric
overvoltages with a reverse discharge,” 19th International Symposium on
Electrical Apparatus and Technologies, SIELA 2016, 2016, pp. 364-367

N3cneaBaHe Ha aTMoccepHU NpeHanpexeHUsi Npu obpaTteH paspaa

Mpn enekTponpoBoAUTE 3a BWUCOKM HanpexeHust npeobrnagaBat obpartHuTe
paspsaav — OT MbJIHUMK, NagHanu Bbpxy CTbNOOBETE UNKU MO MbJIHUE3ALLUTHUTE BbXETA,
6nn3o oo crbnbosete. Npu npobmBa HanpeXXeHMeTo Ha 3acerHaTus a3oB NPOBOAHMK
OTBEAHbX LLEe HapacTHe OT Hyna OO0 paspsgHOTO HanpexeHwe Ha uaonauusaTa. [lo
NpPoOBOAHMKA OT MHACTOTO, KbAETO MbNHUATA € ydapuna, KbM noacTtaHumaTa ce
pa3npocTpaHsaBa BbiiHa C OTBECHO Yesio 1 noneraT Tun. AMnnuTyaaTa Ha gocturHanaTta
A0 noAacTaHumdATa BbSlHA MOXe da Mma no-manka amnnutyga, B 3aBUCUMOCT OT
AbbkMHata Ha nuHuaTa.  [poyyBaHuATa MNokaseBaT, 4Ye Hal-3acTpalleHu ca
CbOPBXEHUSATA Ha BXOAaA Ha noacTaHumsaTa OT M3BOAHOTO MOSie Ha enekTponposoaa, no
KONTO € nocTbNuna BbfHaATa, a CbWO W CUNOBUTE TpaHchopmaTtopu, KOUTO ca
WHCTanupaHu B Hes. [okasaTendat 3a MblfHWe3awuTa Ha Bb3gywHaTa nuHus (BI1) ce
onpeaens no 6pos Ha n3knovBaHusTa Ha BJ1 3a eagHa rogmHa B pe3yntaT Ha Bb34eNCTBUS
OT MbBI/IHUKW, a MBJIHMEYCTOMYMBOCTTA Ha nNoacTaHumaTa ce onpefens oT 6pos Ha
roguHute 6e3 aBapuu, NPUYMHEHM OT MBIIHMEHOCHA aKTMBHOCT. B nokasatens 3a
MbilHME3almMTa y4acTBaT KaKTO HanpexeHusTa nNpu OUPEKTHO nonageHue Ha MbIHUS
BbPXY €MNeKTponpoBoaa, Taka u MHAYKTUPaHU NpeHanpexeHus ot obpatHu paspsaau.

3a ga oHarneguMm BNUSAHMETO Ha obpaTHUTE paspsian, KOUTO ce noslyyaBaTt npu
yaap Ha MbIHus B cTbnb ot BJl, konto e B 6nmn3oct oo m3cneaBaHa noacTtaHuus e
HanpaBeH UMUTALMOHEH MOAEN Ha pearnHa peanHa noactaHumsa. MogensT e CbCTaBeH B
Matlab Simulink. PaspaboTeHnaT Mogen Ha enekTpuyecka noAcTaHumsa Hamupa
NpuUnNoXeHne 3a u3cnegBaHe Ha 3alUMTHOTO AENCTBME Ha METanOKCUAHW BEHTUIIHU
otBoaun. C Herosa nomMoLL MOXe Aa ce Hanpasu no-npeumseH n3dop Ha MOBO, kaTo ce
OoTYMTa KOHUrypaumusaTa Ha cxemarta 1 y4yacTBalnTe B HESl efIEMEHTU Npu Bb3AeENCTBME
Ha aTMocdepHN NpeHanpexXxeHuns.

B poknapa ca pasrnegaHu cnegHuTe criydaun: KOrato MbfHUSTa nopassiBa Hau-
Onn3kna o noactaHumdata cTbnd (Tom ce Hammpa Ha pasctosHue 20 m OT Hesd) u
Bb3HMKHaNUTe o6paTHM paspsanm nocTbnBaT B MNOACTaAHUMATA MO eOuHus  OT
enektponpoBoauTte. Npun HopmaneH pexunm Ha paboTa, koraTo e 3awuTtaBaHa ¢ MOBO u
CbLMs criydyam, Ho 6e3 ocurypeHa 3alumta Ha CbOopPbXKEHUSATA.

Cnep npoBeaeHUTe MoAeNHu n3cneaBaHna ca HanpaseHu crieqHUTe U3Boau:

BeHTUnHMAT  0TBOA4  MOHTMpaH Ha Bxoga Ha  noacTaHumsaATa  Ha
enekTponpoaa, KonTo € nog Bb3OEWCTBMETO Ha MbNHMA 3apaboTBa M OTpsi3Ba
nocTbnunata BbJ/iHa Ha NpeHanpeXxeHne Ao 3aWMUTHOTO CU HUBO.

lMocTaBeHWTe BEHTUIMHM OTBOAM (Ha BXO4a Ha noAcTaHuusTa M HeNnocpeacTBEHO
npegu cunosuTe TpaHcoOpMaTopu Ha OpyrvTe ABa efekTponpoBoda MmaT no-BUCOKO
3aLUMTHO HMBO OT MOJSTyYEHMUTE NPEHANPEXEHU U Te He 3apaboTear.

MocTbnBalUUTE NpeHanpeXxeHus B NOACTAHUUATA, ako TS He € 3alimTaBaHa oT
MOBO, umaT BMCOKM CTOMHOCTM, KOUTO HamnaraT MOHTMPAHETO Ha MbJIHME3aLMTHU
anapatu. lNonyyeHnTe npeHanpexeHns Ha BXo4a Ha CUMOBUTE TpaHCcopmMaTopu He
npesuLIaBaT N3071aUMOHHOTO UM HUBO, BLIMPEKN TOBA MMAaT BUCOKM CTOMHOCT U e gobpe
Aa ce B3eMaT MepKM 3a TAXHOTO CHWXKaBaHe, 3a [da ce OCUrypu no-gbSbr XMBOT Ha
6e3aBapuiiHa ekcnnoataumsa Ha MHCTanMpaHuTe CUNoBKU TpaHcopmaTopu.
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Research of atmospheric overvoltages whit a reverse discharge

In the case of high-voltage power lines, reverse discharges prevail - from lightning
strikes on the poles or on the lightning protection cables near the poles. During a
breakdown, the voltage on the affected phase conductor will suddenly rise from zero to
the insulation discharge voltage. Along the wire from the place where the lightning struck
to the substation, a wave with a vertical front and a receding tail propagates. The
amplitude of the wave reaching the substation may have a smaller amplitude, depending
on the length of the line. The studies show that the facilities at the entrance of the
substation from the output field of the power line, along which the wave arrived, are most
at risk, as well as the power transformers that are installed in it. The lightning protection
index of the overhead line (OL) is determined by the number of shutdowns of the overhead
line in one year as a result of lightning effects, and the lightning resistance of the substation
is determined by the number of years without accidents caused by lightning activity. The
lightning protection indicator includes both the voltages during a direct lightning strike on
the power line and induced overvoltages from reverse discharges.

In order to illustrate the influence of reverse discharges that occur when a lightning
strike occurs in an overhead line pole that is close to a studied substation, a simulation
model of a real real substation was made. The model is compiled in Matlab Simulink. The
developed model of an electrical substation is used to study the protective action of metal
oxide valve taps. With its help, a more precise selection of MOVO can be made, taking
into account the configuration of the circuit and the elements involved in it under the
influence of atmospheric overvoltages.

The following cases are considered in the report: when lightning strikes the pole
closest to the substation (it is located at a distance of 20 m from it) and the resulting back
discharges enter the substation along one of the power lines. In normal mode of operation,
when it is protected with MOVO and the same case, but without ensured protection of the
facilities.

After the conducted model studies, the following conclusions were drawn:

The valve outlet installed at the entrance of the substation of the power plant, which
is under the influence of lightning, operates and cuts the incoming surge wave to its
protective level.

The installed valve taps (at the entrance of the substation and immediately before
the power transformers of the other two power lines) have a higher protection level from
the received overvoltages and they do not work.

The incoming overvoltages in the substation, if it is not protected by MOVO, have
high values that require the installation of lightning protection devices.

The resulting overvoltages at the input of the power transformers do not exceed
their insulation level, however, they have a high value and it is good to take measures to
reduce them in order to ensure a longer life of trouble-free operation of the installed power
transformers.
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B4-07. N. Nikolov, N. Dimitrova, A. Georgiev, and M. Vasileva, “Reliability estimation
of electricity distribution substation surge protection system composed by
surge arresters with different operational parameters,” in Advances in
Intelligent Systems and Computing, 2018, vol. 680, pp. 201-209

OueHKa Ha HageXOHOCTTa Ha cucTemMara 3a 3awWmTa OT NpeHanpeXxeHue Ha
eneKTpopasnpegenuTenHa noacTaHUus, CbCTaBeHa OT BeHTUJTHM OTBOAM C Pa3fIM4Hu
paboTHu napameTpu

MHoro BakHa 4acT OT eNleKTpopasnpenenMTernIHNTE CUCTEMU CPEAHO HanpeXxeHue u
BMCOKO HanpexeHne ca cucteMuTe 3a 3awmra oT npeHanpexenue (SPS). Te ca npegHasHadeHn
3a 3awmTa Ha obopyaBaHEeTO Ha NOACTaHUMATA CpeLLy NpeHanpexXxeHus, NponsTuyaium ot yaapu
Ha MbITHUA B 30HATa Ha NOACTaHUMSTA M NO-CrneunanHo Ha BXOOALUNTE/M3XOAALNTE Bb3YLUHN
nmHum (OHL). Llenta Ha Tasm ctatva € ga npeasioxy noaxond 3a NojlydaBaHEe Ha OLEHbBbYHM
CTOMHOCTWN MO OTHOLWIEHWE Ha HadeXOHOCTTa Ha cucTemaTa 3a 3awmTa OT MNpeHanpeXxeHne Ha
enekTpopasnpegenuTenHaTta noacTaHumst B Criydamte, Korato TS ce CbCTOM OT OTBOAUTENU Ha
npeHanpexeHne, xapakTepmampalim ce ¢ pasnuyHM ekcnroaTaumMoHHM napameTpu. 3ebpLuBa ce
CpaBHUTENEH aHanus, 3a ga ce n3bepe KOMMNIIEKT OTBOANTENN 3a NPeHanpeXXeHne, oCcuMrypsisaLim
cucTemMara 3a 3alluTa OT NpeHanpeXXeHne ¢ BUCOKa HaaexaHoCT. Bb3 ocHOBa Ha ToBa ca AaaeHu
HSIKOW MpaKkTUYeCcKn Npenopbkn, KOUTO Aa ObaaT pasrnedaHn Npu npunaraHe Ha npeanoXeHus
nogxod MO OTHOWIEHME Ha cuUCTemMaTa 3a 3awmta OT MpeHanpexeHue B ekcrnnoatauus.
LUntnpanmnar mopgen 3a HagexgHocT Ha SPS e nonyyeH Bb3 OCHOBa Ha [[OMNycKkaHus Mo
OTHOLLIEHNE Ha CUCTEMHUTE eNeMeHTH, KakTo cneaBa:

- HEYCMEXNTE NM Ca CITyYalHN U HE3aBUCMMN CbOUTKS;

- TEXHUAT NPOLIEHT Ha OTKa3 He 3aBMCU OT BPEMETO, CrieoBaTElTHO pa3npeneneHneTo Ha
BpeMeTo Ha paboTa Moxe [a ce onuile Ypes3 eKCNOHEHUMANHOTO pasnpeaenenne Ha cryvyanHm
NPOMEHNNBM;

- XapakTepuaupaT ce C HOMUHaIHW CTOMHOCTM Ha NapamMeTpuTe Cu 1 paboTAaT B pamMKuTe
Ha pexxMma Ha paboTa, onpegeneH B TeEXHUYeckaTa JOKyMEHTauums.

[aHHuTe, nonyyeHn B pesynTaTt Ha ToBa Npoy4BaHe, NPeAcTaBeHU No-rope, He mMorat aa
ce N3nons3BaT KaTo BUCOKO TOYHWM OLEHKM Ha HagexaHocTTa Ha SPS. TaxHaTa cTorHoCT e, 4e
Nno3BoONABaT 4a Ce U3BbLPLUM CPABHUTENEH aHanM3 Ha BCUYKN Bb3MOXHM BapuaHT Ha CbCTaBa Ha
SPS ot SA ¢ pasnunyHu xapakTepucTukn. Pesyntatute nokassar, Ye Mma BapuaHTu Ha CbCTaBa
Ha SPS, kouto ocurypsiBat Ha cuctemaTa No-BUCOKa HageXaHOCT OT Apyru. 1o Bpeme Ha To3n
npouec € NpenopbYMUTESIHO Aa ce cneapaT CredHUTE CTbIKU:

1. A3roTBsiHE Ha CMMCBLK Ha BCUMYKM OOLLOMPUroaHM MeTanooKkcuaHu SA Ha cknag w/wvunm
HanuW4yHKW Npu nouncksaHe. MNpernen Ha peepeHTHUTE UM XapaKTEPUCTUKN;

2. OnpepensiHe Ha CTOMHOCTUTE Ha KOeULNEHTUTE U CTOMHOCTUTE Ha NoKasaTenuTte 3a
HanexaHocT 3a Bcekn TN CA Ha Bcsika Bb3MOXKHaA NO3ULMS, NMPU BCEKM OT ABaTa pexuma Ha
pabota Ha COC, kaTo ce B3emaT npeasua peddepeHTHUTE 1 ekcrnnoaTauMoOHHUTE XapaKkTepPUCTUKN
Ha CA;

3. OueHKM Ha HageXxQHOCTTa Ha BCUMYKM BapuMaHTK Ha cbeTaBa Ha SPS, npoustuyalum ot
BCUYKN Bb3MOXHWN Bapuauum B NO3NLMOHMPAHETO Ha SA Ha pasnuyHuTe Beye n3bpoeHun TUNnoBe.
BeHumapkvHr Ha BCWMYKM BapuaHTW, GasupaH Ha NOMyvYeHU OueHKW. Tekywlata CTbMKa ce
N3NbIHABA ABa NbTU, T.€. BEOHBX 3a BCEKM OT SPS pexnmuTe, aHanuaupaHu no-rope. N36op Ha
BapmaHTu Ha cbCTaB Ha SPS, ocurypsiBalym Han-Bucoka HageXxXaHoCT Ha cMcTemarTa;

4. OkoHyaTeneH m3bop Ha SPS cbcTaBa Ha MeTanookcmgHuss SA Bb3 OCHOBaA Ha
OOMBbIMHUTENHN CbOOpaXXeHud, KaTto PUHAHCOBKU, ONeEpPaTUBHU U T.H. [penopbUNTENHO € CbLLUO
Taka [ga ce B3eMe npeasu onuTbT Ha NepcoHana B noadpbxkara.
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Reliability estimation of electricity distribution substation surge protection system
composed by surge arresters with different operational parameters

A very important part of the electricity distribution middle voltage and high volt-age
systems are the surge protection systems (SPS). These are intended to protect the
substation equipment against overvoltages resulting from lightning strokes on the
substation area and particularly on the incoming/outgoing overhead lines (OHL).

The aim of this article is to suggest an approach to obtaining estimation values
regarding reliability of electricity distribution substation surge protection system in cases
when it is composed by surge arresters characterized by different operational parameters.
A benchmarking is performed in order to select a set of surge arresters providing the surge
protection system with a high reliability. Based on it some practical recommendations are
given to be consid-ered applying the approach suggested regarding surge protection
system in operation.

The SPS reliability model cited is derived based on assumptions in regard to the system
elements as follows:
- their failures are random and independent events;

- their failure rate does not depend on time, hence the uptime distribution can be
described by the exponential random variables distribution;

- they are characterized by rated values of their parameters and operate within the limits
of their operational mode, specified in the technical documentation.

The data resulting from this study, presented above, cannot be used as highly accu-rate
SPS reliability estimations. Their value is that they allow to be performed a
benchmarking of all possible variants of SPS composition by SA with different char-
acteristics. The results display that there are variants of SPS composition which pro-vide
the system with higher reliability than others.

During this process it is advisable the next steps to be followed:

1. Preparation of a list of all generally suitable metal-oxide SA on stock and/or avail-able
by request. Review of their referent characteristics;

2. Determination of the coefficients values and reliability indices values regarding each
type of SA at each possible position, at each of the two operational regimes of SPS,
considering SA referent and operational characteristics;

3. Reliability estimations of all variants of the SPS composition resulting from all possible
variations in positioning of the SA of different types already listed. Benchmarking of all
variants, based on estimations obtained. The current step is executed twice, i.e. once
per each of the SPS regimes analyzed above. Selection of the SPS composition
variants, providing the system with highest reliability;

4. Final choice of the SPS composition of metal-oxide SA on the basis of additional
considerations, such as financial, operational etc. It is also advisable to be taken in-to
consideration the maintenance experience of the personnel.
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quality by means of computer-aided visualization of the processes in
electric power systems, vol. 680. Springer Verlag, (2018) Advances in Intelligent
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MoBuwaBaHe Ka4eCcTBOTO Ha 0GYy4YeHMEeTO Ype3 KOMMITLPHO BU3yanuampaHe Ha
npouecuTe B eNIeKTPOEeHepruMHUTe CUCTEMU

LlenTta Ha Ta3u cTtatus e ga ce pa3paboTsaT cumMynauMoHHM MOLENN Ha penenHn 3awmnTn ¢ Auto
Reclose n meTanookcngHn BEHTWUMHW OTBOAWM 3a OrpaHmyaBaHe Ha npeHanpexeHue (MOSA),
N3MNON3BaHN B eNeKTPUYECKM CUCTEMU CbC CpeaHo HanpexeHue. Lindposute penenHun sawmTn
Ca LUMPOKO pasnpoCTpaHEeHM 3a 3alinTa Ha CbOPBXKEHUSA B enekTpudeckn Mpexu. 3a ga ce
noBuwWM KBanudukaumsaTa M 0Oy4eHMeTO Ha OTroBOPHUSA MNepcoHan W [da ce nposepu
KOPEKTHOCTTa Ha u3bpaHuTe HacTpPOMKM e Lenecbobpas3Ho fa ce M3MNon3BaT CUMYNauMOHHM
mogenu. B cratusata ca npeactaBeHn pas3paboTeHUTe MOAENM Ha Hal 4ecTo M3Mnon3BaHuTe
TOKOBM 3alUUTU B EMNEKTPUYECKN MPEXM CPeAHO HanpeXeHue- MakCMMarnHOTOKOBa 3alumTa,
TOKOBa OTCeYKa, 3eMHa 3aLlimMTa 1 aBTOMaTU4HO NOBTOPHO BKItoYBaHe. CMynaunoHHUAT MoAen
e pa3paboTeH B cpena 3a nporpammparde Matlab Simulink, kaTo ce nanonseaT npeaMMmcTBaTa Ha
NpoAyKTa, N03BONsBaLLM BU3yanu3aums Ha napaMeTpuTe Ha pexxrMa Yype3 OTBOpeHa 1 fiecHa 3a
paboTa cuctema c 6bp30 N e(PEKTMBHO paslIMpsiBaHE HA MoOOenuTe, CHabaeHu C HanuyHuTe
O61bnuoTekn, Mogenu W nporpamMm NO TO3WM HaYUH WU3KMKYBaMKM HeobxoauMmocTTa oT
pa3paboTBaHe Ha ApyrK JONMbAHUTENHN NPOrpaMHN UHCTPYMEHTH.

KomnioTbpHOTO MogenupaHe v Budyanusaums Ha paboTata Ha penenHuTe 3aluTn U 3aluTHU
YCTPOWCTBaA [aBa Bb3MOXHOCT Ha cneuyuanuctute ga adHanuaupat no noaxoAsil) HauvuH
n3bpaHnTe HACTPOVKN N paboTaTa Ha NOCOYEHNTE YCTPOMCTBA.

MpencrtaBeHUST TyK CUMyMauMOHEH MOAEN M3non3Ba cTaHg4apTHW 6rnokoBe Ha copTyepHUs
NPOAYKT KaTo TpaHcopMaTop, NMHUSA, pene, HO CbLo U MoAaenu, pa3paboTeHn oT aBTopuTe 3a
OGnoK C anropuTbM 3a perieriHa 3aluTa Ha enekTpUYecKM MpPEeXu CPedHO HamnpeXeHue CbC
3alWNTHN PYHKLUMM MU aBTOMATUYHO MOBTOPHO BKMIOYBAHE, KOETO MOKasBa CuUrHanusaums 3a
HeroeaTa ekcrnnoaTauus.

MpeaommcTBaTa Ha pa3paboTeHUTe MOAENM ca cnegHuTe:

— JlecHo BbBeEXOaHe Ha MapamMeTpu 3a HacTpomka Ha undpoBuTe penenHu sawmutn ¢ Auto
Reclose 3a paswupeHa 3almra Ha eHeprunHn cucTtemm Ypes paspaboTeHnsa 610K 3a AaHHW BXOS;
— PaspaboTeHa namnoBa curHanusaums 3a AeNCTBMETO Ha OTAENHUTE (PYHKUNOHANHN 3awmuTn n
Auto Reclose Bu3yanuaupa pabotata Ha CUMyMaUMOHHWS MoAen Ha LMdPOBOTO pene wu
CbCTOSHMETO Ha NPeKbCBaya Ha 3alUNTaBaHUTE CbOPBXEHWS;

— Busyanusauusa Ha MU3MEHEHNETO Ha PEXMMHUTE NapaMeTpu (TOK 1 HanpeXxeHue) B HopMmarneH u
aBapyvieH pexunm Ha paboTa Ha 3amnTaBaHOTO CbOPBKEHNE.

— [a ce ocurypy Bb3MOXHOCT 3a BbBEXOaHe U M3BEXOaHe Ha oTaenHuTe GrokoBe CbriacHo
MOMEHTHWN CTOMHOCTW Ha uMdpoBuUTe penenHn 3awmnTtn n Auto-Reclose, KakTo 1 Bb3MOXHOCT 3a
HacTporka Ha paboTHUTe napameTpu Ha Auto Reclose;

— CumynauunoHeH mogen Ha enektpudecka mpexa 20 kV ¢ undpoa penenHa 3awmuTta Moxe ga
ce 1n3nonsea 3a oby4yeHre 1 NoBULLIABAHE Ha KBanuduKkaumsaTa Ha eNneKkTPOHXEHepPN, KakTo 1 3a
aHanms 1 npoBepka Ha n3bpaHn HACTPOWKN Ha LMPPOBUTE PENENHN 3aALLNTN.

PaspaboTeHnte mogenu 3a mscriegBsaHe Ha MOSA B enekTpuyeckuTe Mpexu moraT ga ce
n3nons3BaT 3a TexHus no-npeumseH n3bop, KaTo ce pasrnexga KoHpurypaumaTa Ha cxemaTa u
erneMeHTuTe B Hes MNpuM Bb3AEWCTBMETO Ha MpeHanpexeHuss C pasnuyHa dopma W
NPOABIHKUTESTHOCT.
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Increasing the Education Quality by Means of Computer-Aided Visualization of the
Processes in Electric Power Systems

The purpose of this paper is to develop simulation models of relay protections with Auto
Reclose and metal-oxide surge arresters (MOSA), used in medium voltage electric
power systems. Numerical relay protections are in widespread use for protection of
facilities in electric power grids. To enhance the qualification and training of the staff in
charge and to check the correctness of the selected settings using simulation models is
appropriate. This paper presents one of the developed simulation models for numerical
relay protection encompassing time overcurrent relay, instantaneous overcurrent relay,
Neutral Time Overcurrent and Auto Reclose. The simulation model is developed in
Matlab Simulink programming environment using the advantages of the product enabling
visualization of the mode parameters by means of an open and easy to operate system
with quick and effective expansion of the models provided with the available libraries,
models and programs thus excluding the necessity to develop any other further program
tools.

Computer-aided modeling and visualization of the operation of the relay protections and
protective devices enables specialists to appropriately analyze the selected settings and
operation of the specified devices.

The simulation model presented herein uses standard blocks of the software product
such as transformer, line, relay, but also models developed by the authors for block with
an algorithm for relay protection of medium voltage electric power grids with protective
functionalities and Auto Reclosing that displays signaling for its operation.

The Matlab Simulink programming environment described in this study is used to
develop simulation models of numerical relay protections and Auto Reclose, used in
medium voltage electric power grids.

The advantages of the developed models are as follows:

— Easy input of set-up parameters for the numerical relay protections with Auto Reclose
for advanced protection of power systems by means of the developed block for data
input;

— The developed lamp signaling for the operation of the separate functional protections
and Auto Reclose visualizes the work of the simulation model of the numerical relay
protection and the state of the circuit-breaker of the protected facilities;

— Visualization of the variation of the mode parameters in the values when the relay
protection and the operation of the Auto Reclose trip the short circuit;

— To provide an option for input and output of the separate blocks according to the
instantaneous values of the numerical relay protections and Auto-Reclose, as well as
an option to set the operation parameters of the Auto Reclose;

— The simulation model of a 20 kV electric power grid with a numerical relay protection
can be used for training and advanced qualification of electrical engineers as well as

for analysis and verification of selected settings of the numerical relay protections.

The developed models for investigation of MOSA in electric power grids can be used for
their more precise choice as the configuration of the scheme and the elements in it
under the impact of overvoltage with different shape and duration are considered.

when the focus switches from grating/system design and set up to the generation of GB-
PCIl images for an established system.
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KomyTaumMoHHM NnpeHanpeXxeHns BbB Bb3AYLWHU enekTtponposoau 220 kV

EHepruiiHata cucteMa e U3noXeHa Ha MnpeHanpeXxeHust nopagu pasfivyHu MPUYKHW.
KomyTauuoHHUTE npeHanpexeHuss ca edHa OT YeCcTUTe MPUYMHU 3a NPEKbCBAHUS U
noBpeau B cuctemaTa. Te ce NpUYMHSBaAT OT onepaummn Ha NpekbcBayva. Tean onepaumm
ce knacuduumpaT KaTo BKMOYBAHE M MOBTOPHO BKIOYBaHe. 3axpaHBaHETO U
N3KNIOYBaHe Ha Bb3aylLHATa NIMHNUS NPUYMHSIBA NpeHanpexeHns Npu npeBknoYBaHe.

Tean npeHanpexeHuss Npu onpegeneHn ycnosus Morat ga 6baaT onacHuM 3a
CbOpbXeHuaTa B noactaHuuuTe. CnepoBaTenHO MNO3HABAHETO Ha HMBaTa Ha
npeHanpexeHne Kn dakTopute, KOUTO M BAULAAT, € BaXHO 3a HadeXaHocTTa Ha
enekTpoeHeprmnHata cuctema. B Tasnm cratma KOMyTauUMOHHUTE MpeHanpexeHus,
Ab/bKalyM ce Ha ornepaumm Ha BKSKOMBAHE W MNOBTOPHO BKIIKOMBAHE Ha Bb3gylUeH
enektponposog 220 kV, ca unscnegsaHu 4Ypes mogenHo nacnensaHe. Cogptyepst ATP-
EMTP ce nanonssa 3a MogenupaHe Ha enekTpoeHeprumHata cuctema. B ctatmara ca
pasrnegaHn kasycum 6e3 n3nonsBaHe Ha BEHTUMHW OTBOAWM W C BEHTUIHW OTBOAM.
[Moka3aHu ca npeHanpeXeHus B pasfiMyHKU MecTa Ha Bb3gyluHaTa NIMHUS.

MogenHoTO NpoyyBaHe pasrnexga cnegHute Kasycu:

+ 3axpaHBaHe Ha HeHaToBapeHa JIMHWUA C OTBOPEH Kpaw Ha gpyrata noactaHums 6es
MOHTUPAHWN paspsagHnLN;

« 3axpaHBaHe Ha HeHaTOBapeHa fMHWSA C OTBOPEH Kpan Ha gpyrata NoacTaHuus C
MOHTUPAHN paspagHILN;

» EgHonontocHo AlNB Ha BJ1 220 kV.

N3nonsBaT ce Hal-noliMTe YCNOBUS 3a MPEBKMNOYBaHe, 3a Aa ce onpeaensaT Hau-
BMCOKUTE Bb3MOXHM CTOMHOCTW Ha MpeHanpeXxeHusiTa Ha Bxoda Ha noacTaHuusTa.
OnpenenaTr ce W ce aHanuaWpaT HuMBata Ha npeHanpexeHus. [Mpu HopmanHu
eKCnrnoaTaLMoHHN YCIOBUS TE3U CTOMHOCTU Ha KOMYTaLUOHHUTE NpeHanpeXeHnss MoXe
[a He ca onacHM, HO Mpu onpeaeneHn aTMocEpPHM YCNOBUS MoraT Aa okaxaT OrnacHo
Bb3AeicTBne Bbpxy obopyaBaHeTo B noacTaHumsTa. OnpegensHeTo M aHanuMabT Ha
KOMYTaLMOHHUTE MpeHanpeXeHus Ypes npoyyBaHe Ha Moaerna MoXe Aa npegocTasu
BaXXHW OaHHU 3a GbAeLn noaobpeHns, n3cneaBaHns Ha KoopauHauusaTa Ha nsonaumsaTa,
pascnegsaHe W gpyr. To3u TUN MOAENHW Mpoy4YBaHUs MoraT Aa nogobpsT
HafeXOHOoCTTa Ha cucTemMaTa M Ja HaManaT pasxoauTe 3a noaapbXKka M ynpasneHue.
ChblUo Taka, kasycu 3a NpexoaHu NpoLecu Ha NpeBknoYBaHe MoraTt Aa 6baaTt nonesHu
npu  CTYOEHTCKM  yrpaxHeHuss B obnactta Ha npexogHuTe npouecu B
enekTpoeHeprunHaTa cucrema.
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Switching transients in overhead transmission line 220 kV

Power system is exposed to overvoltages due to different reasons. Switching overvoltages
are one of common causes of outages and damages in the system. Switching
overvoltages are caused by circuit breaker operations. These operations are classified as
closing and reclosing. Overhead line energization and de-energization causes switching
surges.

These surges under certain conditions can be dangerous for the facilities in the power
substations. Therefore the knowledge of overvoltage levels and the factors affecting them
is important for power system reliability. In this paper switching overvoltages due to closing
and re-closing operations of overhead power line 220 kV are investigated through model
study. ATP-EMTP software is used for power system modeling. Case studies without
using surge arresters and with surge arresters are reviewed in the paper. Overvoltages in
different location on overhead line are shown.

This paper present model study of energization and reenergization of overhead line 220
kV through ATP/EMTP software. Case studies for closing and reclosing of the
transmission line have been reviewed.

The model study reviewed the following case studies:

 Energization of unloaded line with open-end condition on the other substation without
installed surge arresters;

» Energization of unloaded line with open-end condition on the other substation with
installed surge arresters;

« Single pole auto-reclose of overhead line 220 kV with trapped charge of 1 per unit.

Switching overvoltages due to energization and reenergization of overhead transmission
line 220 kV are presented in this paper. The worst conditions for switching are used to be
defined highest possible values of the overvoltages at the substation entrance. Levels of
overvoltages are determined and analyzed. In normal operational conditions these values
of the switching overvoltages may not be dangerous but under certain atmospheric
conditions they can have dangerous impact for the equipment in the substation.
Determination and analysis of the switching overvoltages through model study can provide
important data for future improvement, insulation coordination studies, investigation and
other. This type of model studies can improve reliability of the system and reduce
maintenance and management costs. Also, case studies for switching transients could be
helpful in student exercises in the field of power system transients
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I'IpeHanpe)KeHml npu e,D,HOCbGSHa noBpena B Mpexute 3a BUCOKO HanpexeHue

N3unckBaHMATa KbM CbBPEMEHHUTE €HEPruMHU CUCTEMU Ca MPSIKO CBbpP3aHu ¢ HeobxoammocTTa
OT HEeNpeKbCHATO 3axpaHBaHe Ha NoTpebuTenuTe Npu cnasBaHe Ha U3NCKBaAHUATA 3a Ka4yeCTBO
Ha enekTpoeHepruata. B cuctemarta Bb3HMKBAT NNaHMpaHn 1 HenraHMpaHu NpekbCBaHns, KOUTo
NpsKo 3acsaraT HopMarnHaTta paboTa 1 nogapbXkka Ha 0bopyaBaHeTo B cuctemaTa. Toea obycnaes
HeobxoauMOCTTa OT M3CrneABaHe Ha NpouecuTe U pexuMMHUTE NapaMeTpu npuv asapuv B
cuctemata. [llopagn cneunduyHUTE XapaKTEPUCTUKM Ha enekTpoeHeprumHaTa cucTema,
MOZENHOTO U3cneaBaHe B copTyepHa cpefa € NpeanoynTaH HauuH 3a nscnegsaHe Ha NpexogHn
npouecu B enekTpoeHeprnnHata cuctema. B ctatudata ce akueHTUpa BbpXy M3MEHEHMETO Ha
napameTpuTe npu egHodasHW noBpean B enekTpuyeckata mpexa 220 kV B 3aBMCUMOCT OT
MSICTOTO Ha noBpefarta U AEeNCTBMETO Ha penenHaTta 3awmta. M3cnegsaHeTo € M3BbpLUEHO B
copTyepHaTa cpega ATP-EMTP. NpeHanpexeHusiTa, Bb3HUKBALLM MO BPpEME Ha OTCTPaHABaHETO
Ha noBpefaTta, ce nony4aBaT Mexay KOHTaKTUTE Ha npekbCBaya 1 3aBUCAT OT Bb3CTaHOBSBAHE
Ha HanpexeHuneTo (TRV). MNpu pasrnexgaHe Ha TO3n TUMN NpeHanpexXeHue e BaXKHa CKOpoCTTa Ha
HapacTBaHe Ha Bb3CTAHOBSIBALLOTO CE HanNpexXeHne Mexay KOHTakTuTe Ha npekbeBada (RRRV),
KOETO € NPSAKO CBbP3aHO C Bb3MOXHOTO 3anansaHe Ha gbrata Mexay KOHTaKTUTe Ha NpekbeBaya
W MO TO3N HA4YUH MoraT da ce reHepupaT 3HaYMTeNHW nNpeHanpexeHund. NbpBOTO NpoyyYBaHe Ha
Modena pasrnexga npexo4HO Bb3CTaHOBSBAHE HAa HamnpeXeHMeTo npe3 KOHTaKkTUTe Ha
npekbcBaya 3a BUCOKO HanpexeHue B noactaHuus 220 kV no Bpeme Ha OTCTpaHsiBaHE Ha
eqHodasHa noBpeaa B 6nmn3oct oo noactaHuuata. Bropuat HabntogasaH cnydan e eqHodasHa
nospena npu 85% oT Bb3AyLHATa NUHWUA, NocnegsaHa OT aBTOMaTMYHO MOBTOPHO BKIIOYBAHE.
TpeTnaT cnydanm OT NpoyyBaHeTO pasrnexaa egHodasHa nospeda npu 85% c aBTOMaTU4HO
NOBTOPHO BKIIlOYBaAHeE, NOCNeABaHO OT npepacTBaHe Ha egHodasHa nospeda 40 TPMGasHo KbCo
cbeanHeHne. OT nonydeHuTe pesyntatM OT NbpPBOTO U3CNedBaHE MOXE [a Ce 3akfun, 4ve
NPEXOAHOTO Bb3CTAHOBUTENHO HaMpexeHue, KOeTO ce MosiBABa BbPXYy KOHTaKTUTE Ha
npekbcBaya, € no-mManko OT CTOMHOCTMTe, AadeHn B cTaHgapTtute. CblUO Taka MOXe da ce
oTOenexu, 4ye 3abaBAHETO Ha 3awiuTaTa He Boau OO0 onacHu npeHanpexeHunda. OT pesynTtatute
BbB BTOpPMS M TpeTusa Kasyc Ha egHodasHum nospeau npu 85% C aBTOMATUYHO MNOBTOPHO
BKMIOYBaHE MOXE Aa Ce BUAW, Ye TeHepupaHuUTe MpeHanpexeHusa ce nonyvasaT crnopea
ovakBaHuaTa. Buxga ce, 4ye npeHanpexeHusTa ¢ Te3n CTOMHOCTW He MoraTt Aa MOBMAUSAT Ha
paboTaTa Ha penenHaTa 3awuTa, HO MOraT Aa NoBNUAAT Ha HageXgHocTTa Ha obopyaBaHETO B
ABbAroCpodeH NnaH nopaaun 3abaBsaHETO Ha BpeMeTO Ha perneriHaTa 3awuTta B Te3u 30Hu. [pu
ToBa 3abaBsHe BbB BpemeTo 06opyaBaHEeTo MoXe Aa Obae U3NOXEHO Ha BUCOKU CTOMHOCTU Ha
npeHanpexeHus, KOMTO MoraT ga NoBNUAAT Ha M3onauusaTa B ObNrocpoyeH nnaH. Pesyntatute
OT TO3M BMA u3cnegBaHuss mMoraT Aa ObaaT nonesHM 3a OueHka Ha HagexaHocTTa Ha
obopyaBaHeTo. C pesyntatuTe OT M3CNeABaHETO MOXe [a ce aHanuanpa paboTtaTa Ha 3awmTara.
MogenvpaHeTo Ha NpexodHn NpouecH HU AaBa Nnornes Bbpxy napameTpuTe B NPEXOLEH PEXUM,
KOMTO He moraT ga 6baaT uUnCcTpupaHn HaBCAKbAE Ypes3 3anvMcBaHe Ha CbOUTMS OT pernenHn
3aWnNTM nopagn TEXHUTE OrpaHMYeHuMs MO OTHOLUEHWE Ha BPEMEBMS AManas3oH, KOWTO Te
pasrnexaar. NapameTpute morat ga ce BUgAT Ypes3 NPEXo4HM 3annceaLlm YyCTPOUCTBA, HO He €
Bb3MOXHO [a Ce MHCTanupa 3anuceallo YCTPOMUCTBO BbB BCsKa NoacTaHuus. MogenvpaHeTo B
codpTyepa MOXe Aa NOMOrHe 3a Cb3JaBaHe Ha kKa3dycu 3a BCAKa KOHurypaumsi Ha cuctemara u
Aa nonyyute no-gobbp aHanua Ha cuTyaumumnTe.

Mo-HaTaTbLIHKM M3CNeLBaHUA ce NnaHMpart 3a BanuaupaHe Ha pesyntatuTte Ypes u3nona3saHe Ha
MaCTEKTOMUN N MNO-HATATbLUHO YCbBbLPLUEHCTBAHE HA anropUTMUTE 3a PEKOHCTPYKUUWM C Len,
nogobpsiBaHe Ka4eCTBOTO HAa (DA30BO-KOHTPACTHUTE 0Opasu.
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Overvoltages under single-phase fault conditions in the high voltage grids

The requirements for modern power systems are directly related to the need for
continuous power supply to consumers while meeting the requirements for electricity
quality. Planned and unplanned outages occur in the system, they directly affecting the
normal operation and maintenance of the equipment in the system. This determines the
need to study the processes and regime parameters in case of failures in the system. Due
to the specific characteristics of the power system, model research in a software
environment is preferred way for investigations for power system transients. The paper
focus on parameters change in case of single-phase faults in the 220 kV electrical network
depending on the place of failure and the operation of the relay protection. The
investigation was performed through model study in the ATP-EMTP software
environment.

Overvoltages occurring during the fault clearing are obtained between the contacts of the
circuit breaker and depend on the transient recovery voltage (TRV). When considering
this type of overvoltage, lies the rate of increase of the recovering voltage between circuit
breaker contacts (RRRV), which is directly related to the possible ignition of the arc
between the contacts of the circuit breaker, and thus significant overvoltages can be
generated. First model study considered transient recovery voltage across the contacts of
high voltage circuit breaker is substation 220 kV during the clearing of single-phase fault
near the substation. The second observed case is single phase fault at 85% of the
overhead line followed by automatic reclosing. Third case of the study consider single
phase fault at 85% with automatic reclosing followed by single phase fault outgrowth to
three phase short circuit.

From the obtained results of the first study can be concluded that transient recovery
voltage that appear on circuit breaker contacts is less than the values given from. Also
can be noted that the delay of the protection don’t produce dangerous overvoltages. From
the results in the second and third case study of single-phase faults at 85% with automatic
reclosing can be seen that enerated overvoltages are obtained as expected. It can be
seen, that overvoltages with these values cannot affect operation of the relay protection
but they can affect reliability of the equipment in long term because of the time delay of
the relay protection in these zones. In this time delay the equipment can be exposed to
high values of overvoltages that can affect insulation in long term. Results from this type
of studies can be useful for assessment of equipment reliability. With the results from the
study can be analyzed operation of the protection. The modeling of transients gives us a
look at the parameters in transient mode, which cannot be illustrated everywhere by
recording events from relay protections due to their limitations in terms of the time range
they consider. Parameters can be seen through transient recorders but it’s not possible to
be install recorder in every substation. Modeling in software can help to create case
studies for every configuration of the system and get better analysis of the situations.
Further investigations will be devoted to the validation of the presented findings by imaging
ex vivo breast samples and elaboration of the current SAA and FBP algorithms to improve
reconstructions of objects from phase-contrast images.
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ATmocdhepHU npeHanpexeHuUs B enekTpuyecka noactaHums 220 kv npwu
nospeaa Ha MbJIHME3ALWMUTHOTO BbXXe Ha Bb3AyLIHa efleKTpornpoBoAHa NIMHUSA

Yaapu OT MbJIHUS BbPXY Bb34YLLUHM NPEHOCHWN NIMHUM NPUYUHABAT NpeHanpexeHus,
KOUTO Ce pa3npocTpaHABaT MNo enekTponposoaa nod popmMarta Ha NbTyBaLM BbITHW.
Teaun npeHanpexeHns 3acTpallaBaTt HaAeX4HOCTTa Ha Bb34YLLUHUTE MPEHOCHUN NTIUHUMK
n obopyaBaHeTo Ha noacTtaHumnte. [NpeHanpexeHnsaTa oT MbiHUS ca €OuH OT Han-
BaXKHUTE hakTOpWU Npu NPOEKTMPAHETO Ha M3onauusiTa Ha NOACTaHUMN U Bb34YLUHU
NUHUN.

Tasn crtatms npeactaBa pasnUYHM  aTMOCHEPHU NPEHanpPexeHuss B pearnHa
enekTpuyecka nogcrtaHumsa 220 kV npu noBpega Ha MbJIHUE3AWMTHOTO BbXe Ha
Bb3YyLLUHa NpeHOCHa NMMHUS Bb3 OCHOBA Ha MOAESNHO n3cnensaHe cbe codptyep ATP-
EMTP.

N3cneaBaHmnat obekT e enekTpuyecka nogctaHumsa 220 kV. CBbp3Ba ce ¢ gBOMHA
lUMHA CbC CXeMa C eauvH npekbcBay € 3 Bb3gywHW enekTponposoga, 3
aBTOTpaHcopmaTopa, 2 nsamepsaTenHm noneta n 1 npekbceay. 3a ekBMBaneHTHaTa
cXemMa Ha noacTaHuusiTa BCEKM eneMeHT € [JadeH C HeroBusa KanauuTer.
Cumynaummte ce M3NbiHSABaT C Pas3nMyHM Pas3CTOAHUA OT crydamTe Ha yaap Ha
MbIHUSA, 3a Ja ce nacnensa pabotaTta Ha BEHTUMHUSA OTBOA B NOACTaHUUATA M ga ce
nokakaT He3alMTEeHN 30HN. AHanNM3npaHu ca ABa pasriMyHu cnyyas:

1) Hama nHcTanmpaH MOSA;

2) MOSA, vHcTanupaH Ha BxoAa Ha noactaHumarta. Kbgeto: MOSA - meTanokcngeH
BEHTUINEH OTBOA.

HanpexeHusata ce u3MmepBaT Ha BxOda Ha noAcTaHuuATa, Npu n3mMepBaTenHus
TpaHcopMaTop Ha 3acerHaTata Bb3gyllHa nuMHWA, Ha wuHata, Ha MOSA B
NpPUCHLEANHABAHETO Ha n3mepBaTenHara LUMHa " Ha MOSA o
aBTOTpaHcopmaTopa. HMBOTO Ha npeHanpexeHusitTa ce onpegens u B ABaTa
cnyyasi. B cnydan 1 nopagn 6nmn3koTo pascTodHWE Ha ygapa M HMBOTO Ha TOKa Ha
MbIHUS MOXeE Ada ce BUAu, Ye HanpexeHnsaTa ca MHOMo NO-BMCOKM OT OCHOBHOTO HMBO
Ha n3onaumsa Ha obopyaBaHEeTOo OT TO3M Knac HanpexeHue. To3n TN NpeHanpeXeHuns
Morat ga ObaaT M3KIYMTENHO OnacHM 3a BUCOKOBONTOBOTO oboOpyaBaHe B
NoACTaHUUATa U MoraT Aa NoBNUSAT Ha CUCTEMU, CbAbPXKALLM €NEKTPOHHN ENEMEHTU
BbB BTOPMYHUTE BEPUIN HA NOACTaHUUATA. 3a Aa ce HamansT npeHanpexeHusaTa B
nogctaHuuaTa e um3nbiHeH cnydyam 2. MOSA CbC CbLMTE XapaKTEPUCTUKU €
MOHTUpPaH Ha BXO4a Ha NoAcCTaHUuATa.

Upes mHcTtanupaHe Ha MOSA Ha Bxoga Ha noAacTaHuusiTa, NpeHanpexeHusTa ca
3HAYMTESTHO HaMareHu, HO HAKOWM OT HanpeXXeHndaTa ca no-Bncoku ot BIL Ha To3un knac
HanpexeHne nopaan oTpaXeHue M npedynesaHe Ha NbTyBawuTe BbNHW. 3a ga ce
ontummnaunpat pesyntatute ot MOSA B nogcraHuusTa, € HeobxogMmo ga ce ceede
A0 MWUHUMYM pasCTOSIHUETO Mexay 3awuTeHoTo yctponctBo 1 MOSA wnn ga ce
A06aBAT HAKOMNKO CTENEHM Ha 3almuTa Ype3 nHctanmpaHe Ha nosevye MOSA.
PaspaboTeHnaT mogen mMoxe ga ce u3nonsea 3a aHanu3 Ha edeKTUMBHOCTTa Ha
MblHMEe3awumTaTa n Npeun3eHo NpoekTMpaHe Ha n3onauusta Ha NoAcTaHUus.
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Lightning overvoltages in electrical substation 220 kv due to shielding failure
of overhead transmission line

Lightning strokes on overhead transmission lines cause overvoltage surges, which
propagate along the power line in the form of traveling waves. These overvoltages
endangered the reliability of overhead transmission line and substation equipment.
Lightning overvoltages are one of the most important factors in designing of substation
and overhead lines insulation.

This paper presents various lightning overvoltages in real electrical substation 220 kV
due to shielding failure of overhead transmission line based on model study with ATP-
EMTP software.

The investigated object is electrical air insulated outdoor power substation 220 kV. It
is connected by double bus bar with single breaker scheme with 3 overhead
transmission lines, 3 autotransformers, 2 measurement joints and 1 tie breaker. For
the equivalent scheme of the substation every element is given ith their capacitance.
The simulations are executed with various distances from the impact of lightning cases
to probe the work of surge arrester in the substation and to show unprotected zones.
Two different overvoltage protection cases are analyzed:

1) No MOSA installed;

2) MOSA installed at substation entrance. Where: MOSA- metal-oxide surge arrester.
Voltages are measured at the substation entrance, instrument transformer of the
impacted overhead line, at the busbar, at surge arresters in measurement busbar
accession and at surge arrester next to autotransformer. The level of overvoltages is
defined in both cases. In case 1 due to close distance of impact and the lightning
current level it can be seen that voltages are much higher than basic insulation level
of the equipment of this class voltage. This type of overvoltages can be extremely
dangerous for the high voltage equipment in the substation and can influence systems
containing electronic elements in the substation secondary circuits [10]. In order to
reduce the overvoltages in substation has been performed case 2. MOSA with same
characteristics has been installed at substation entrance.

By installing surge arresters at substation entrance lightning performance is
significantly

improved, but some of the voltages are higher than BIL of this class voltage due to
reflection and refraction of the traveling waves. To optimize the results of MOSA in
substation it's necessary to minimize the distance between protected device and
MOSA or to add several degrees of protection by installing more MOSA. Various
shielding failures of overhead transmission line 220 kV connected to substation has
been performed in ATPEMTP software environment. Two cases of lightning protection
scheme has been modelled. The developed model can be used for lightning
performance analysis and precise insulation design of power substation.
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CTtaTMCTMUYECKM aHanu3 Ha npeHanpexXxeHus Npu BKIOYBaHe U NOBTOPHO
BKIlOYBaHe Ha Bb3AyLUHa efnleKkTponpoBoaHa nuHusa 220 kV

PaboTtarta ¢ npekbcBaym 1 NPEBKOYBATENN B eNeKTpuUyeckaTa cuctema npuinHaBa
KOMYTaLMOHHN npeHanpexeHus. MNMpeHanpexeHuaTa npu npeBktoYBaHe, ObimKallm
Ce Ha onepauuM Ha BKOYBaHE M MOBTOPHO BKMIOYBAHE C MpeKkbCcBayun, morat aa
Obaat onacHu 3a obopyaBaHeTo B nogctaHummuTe. OnpedensHeTo Ha HMBOTO Ha
npeHanpexeHne 3a obopygBaHETO € BaXHO 33  HagexgHocTTa  Ha
enekTpoeHeprumHata cuctema. [lopagn ecTecTBOTO Ha npeHanpexeHuaTa e
HeobxoauMo aa ce onpenenu CTaTUCTUYECKO pasnpeaenieHne Ha npeHanpexeHusTa
3a noBe4ye OT egHa onepaunsa Ha NPeBKNYBaHe.

B cTratusaTa € npegcraBeH CTaTUCTUYECKM aHANU3 Ha NpeHanpeXxeHnsaTa, Bb3HUKBALLM
npu 3axpaHBaHETO M NOBTOPHOTO 3axXpaHBaHE Ha Bb34yLLHA eNEKTPONpPOBOAHA NTIMHNUSA
220 kV. Ctatuctmyeckmsat aHanuad e HanpaseH 3a 200 crnyyas 3a BCEKM BapwaHT.
N3cnepgBaHeTo Ha mogena ce m3BbpwBa cbe coptyep ATP/EMTP. lMonyyeHute
pesyntaTu U cMMynauuoHHMTE Mogenu morat ga 6baaT nonesHu 3a u3cneaBaHns Ha
KoopavHaumaTa Ha usonaumarta, 6baewm nogobpeHns u obydeHne Ha CTyaeHTH.
[oKyMeHTBT ce dhoKycmnpa BbpXy onepaunmnTe no BKNOYBAHE N NOBTOPHO BKIOYBAHE
Ha NpekbcBay Ha Bb3gywHa nuHus 220 kV 1 Bb3HUKBALLUTE MNpeHanpexeHusa no
nmHuaTa n B noactaHumsaTta 220 kV.

CtaTUcTMyeckn aHanua Ha noslydeHnTe BbJIHU CEe NpaBu 3a CegHUTe Cryyau:

- NopaBaHe Ha HanpexeHue Ha BJ1 220 kV 6e3 BeHTUNHM OTBOAM HaA BxoAda Ha
NoCTaHUMATa;

- 3axpaHBaHe Ha BJ1 220 kV Cc MOHTMpaHM BEHTUNHM OTBOAM Ha BXOAa Ha
NoCTaHUMATa;

- EgHonontocHo aBToMaTMYHO NOBTOPHO BKNtoYBaHe Ha BJT 220 kV.

lMpexogHnTe NpoLlecu Ha NPeBKoYBaHe, Ab/MKALLKM Ce Ha onepaumm Ha 3aTBapsHe U
NMOBTOPHO BKMOYBAHE C MNpPeKbCBadW, B HAKOWM Cnyyvaum Morat fa 3actpawart
obopyaBaHeTo 1 n3onaumdata B eHeprumHata cuctema. CnegosaTtenHo nsonaumsita B
nogcrtaHuuuTe TpsAbBa Oa ce 3awuTaBa M ga ce nogabpxa npaBuiHO, 3a Ada ce
n3berHat npekbcBaHus W noBpegun. [lonydeHuTe pesyntaTtu nokaseaT, 4Ye C
N3MNON3BaHETO Ha 3alUUTHM YCTPOMCTBA KaTO MeTanoKCUOHW BEHTWUMHW OTBOAMW,
HMBOTO Ha NpeHanpeXxeHuaTa MoXe Aa 6bae orpaHMYEHO 1 CbLLO Taka Aa ce Hamanm
BEPOATHOCTTA OT BUCOKM npeHanpexeHus. CTaTMCTMYECKOTO pasnpedeneHne Ha
npeHanpexeHnsTa MoXe [da ce U3nonsBa 3a M3cneaBaHWs Ha KoopauHaumata Ha
n3onaumsaTa un cbLLo MoXe aa 6bae nonesHo 3a 6baeLm nogobpeHns n obyvyeHme Ha
cTyaeHTn. 3a nbiiHa nHopmaumsa OTHOCHO HMBAaTa Ha NpeHanpexeHusTa Tpsidea ga
ce nscnegsaT BCUYKN Bb3MOXHU KOHUIypauuu.
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Statistical analysis of energization and re-energization overvoltages in an
overhead transmission line 220 kV

Operations with circuit breakers and switches in power system causes switching
surges. Switching surges due to closing and reclosing operations with breakers could
be dangerous for equipment in substations. Determining overvoltage level for the
equipment is important for power system reliability. These representative overvoltages
are useful for insulation coordination procedure. Due to the nature of the overvoltages
statistical distribution of overvoltages for more than one switching operation is needed.

The paper presents statistical analysis of the overvoltages which occurs during the
energization and re-energization of the overhead transmission line 220 kV. The
statistical analysis is made with 200 cases for every variant. Standard deviations of
2ms and 5ms are used [8]. The model study is performed with ATP/EMTP software.
The obtained results and the simulation models can be useful for insulation
coordination studies, future improvements and student training.

The paper focuses on closing and reclosing operations of circuit breaker of overhead
line 220 kV and produced overvoltages along the line and in the substation 220 kV.

Statistical analysis of the obtained surges is made for the following cases:

- Energization of overhead line 220 kV without surge arresters at substation M1
entrance;

- Energization of overhead line 220 kV with installed surge arresters at substation M1
entrance;

- Single pole automatic reclosing of overhead line 220 kV.

Switching transients due to closing and reclosing operations with circuit breakers in
some cases can endanger equipment and insulation in power system. Thus insulation
in the substations should be observed and maintenance properly in order to avoid
flashovers and outages. Statistical distribution of overvoltages due to energization and
single pole reclosing of overhead line 220 kV was presented in the paper through
model study in the environment of ATP-EMTP. Obtained results show that with using
of protective devices like surge arresters level of the overvoltages can be limited and
also to be reduced the probability for high overvoltages. Statistical distribution of the
overvoltages can be used for insulation coordination studies and also can be useful
for future improvements and students education. For complete information about the
levels of the overvoltages all possible configuration must be counted.
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I'7-03. M. Vasileva, “Use of simulation models in training on discipline "High
Voltage Thehnics"”, ICEST 2021,
ttps://ieeexplore.ieee.org/document/9483505

MpeHanpexeHnsTa B €eneKTPUYecKUTe MpeXu ca pesyntaT OT MbIHUS,
NOBPEeAM UM U3KIYBaHe 1 Te ca HemdbexxHu. Te 3acTpallaBaTt 06opyaBaHETO, KOETO
MO WKOHOMMYECKN TMPUYMHM He MoXe pfa Obde NpPOeKTUpaHo C [OCTaTb4YHO
enekTpuyecka sikoct. lNMo-MKoHOMUYHA M HagexaHa paboTa Ha MpexaTta M3McKBa
MHOrocTpaHHa 3awuta cpelly HenpuemnueuM npeHanpexenusi. [NoapobHo
N34ncnsiBaHe Ha MNpeHanpeXeHusita B erieKTPUYEcKn MPEXM € Bb3MOXHO CaMo C
MOMOLLITa Ha KOMMTbPHO 06opyaABaHe ¢ NoaxoasLl codTyep.

Tasu ctatus npefcrtaBs eavH OT CUMYMNaunoHHUTE MOAENU Ha enekTpUYecKn
MpEeXu, KOUTO ca paspaboTeHn 3a obydeHne Ha CTyAeHTU No aucumninHa "TexHuka
Ha BUCOKUTE HanpexeHus"; onumnTe 3a NpoBexaaHe Ha nacnegBaHus u pesynratute
OT CMMYIaLMOHHOTO MOAENHO n3crneaBaHe.

BbBexaaHe Ha xapaKTepuCTUKUTE Ha n3cnenBaHnTe CUCTEMU Ce U3BbPLLBA B
ANanoroB pexum, 4pes rpaduyeH Habop OT CXeMu Ha enemMeHTapHW CTaH4apTHU
eouvHuumM. Pe3yntaTbT € Mogen Ha cuctemata Wnm M3cnenBaHOTO YCTPOWCTBO.
BbamoxHoctute Ha SIMULINK B TOoBa oTHoLwweHMe ca 6e3cnopHu. MNMapameTpute Ha
erneMeHTapH1UTe eanHnun, Kouto Tpsabea ga 6baaT BbBegeHU NMpu U3rpaxgaHeTo Ha
n3cregoBaTeriCkMst Moaes1 YecTo He OTrOBapAT Ha KaTanoXHuTe aHHU. ToBa nsnckea

npegBapuTenHM M3YUCIIEHUS,, KOETO € W3BecTeH Hepoctatbk. Cumynupart ce
npouecuTe Ha Bb3HMKBaAHE W orpaHunyaBaHe Ha [lpeHanpexeHusa. Mogenute Ha
eneKkTPU4ecKUTe Mpexun n ecpekTuTe Ha CMyLLeHMe ca Cb3gadeHu B copTyepHa cpeaa
Matlab Simulink.

MHoroBapuaHTHOCTTa Ha 3aiayaTa BKMOYBa CriefHuTe Bnusiewm akropu: 6poaT Ha
naxogsawmte enektponposoau (PL) ot pasnpegenutenHata cuctema (DS); Buga wm
MSICTOTO Ha MOHTaX) Ha YCTPOMCTBA 3a 3awuTa oT npeHanpexeHue (SPD); nmnyncHo
CbNPOTUBMNEHNE Ha 3as3eMuTenss Ha cTbnba; BWO CMyLlEHMEe, napameTpu Ha
kabenHute enektponposoaun (CPL)— Bnga Ha kabena, ceyeHneTo Ha kabena, HaunHa
Ha nonaraHe Ha egHodasHusA kabenu, obMKUHaTA.

CreuudmkaTa Ha ekcnnoaTaumusita Ha eneKkTpUYEcKUTe MPEXN, B MHOMO criyyaun, He
nossonsBaT NpakTUYecKo U3cneaBaHe Ha NpoLecuTe B Hero.

ToBa e npuyMHaTa ModenHUTE CUMYyMaLun Ha eneKTPOMarHUTHU NPEeXOAHMN MPOLEcK
C KOMMIOTBLPHU NPOrpaMu Aia ce NpeBbpHE B eAVH OT Han-NpeanoYnTaHnTe MeToam 3a
uscrneasaHe, aHanus Ha paboTaTa Ha MpexaTa 1 obydeHue.

BI/I3yaJ'IHOTO nporpammpaHe oTBapA Bb3MOXHOCTU 3a W3NOJi3BaHe Ha Haun-
CbBpeEMEHHUTE MaTeMaTU4eCKn MeTodu 3a pellaBaHe Ha 3adaydn B CUTYauUMOHHO
mMoaernimpaHe Ha CrnoXHM CUCTEeMU, KaTO eJIeKTPUYEeCKN MpPEeXHn.
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Using simulation modeling to study overvoltages in the electrical networks

Overvoltages in electrical networks are the result of lightning, damages or switching
off and they are unavoidable. They endanger equipment that for economic reasons
cannot be designed with sufficient electrical strength. More economical and reliable
network operation requires multilateral protection against unacceptable overvoltages.
A detailed calculation of overvoltages in the electrical networks is possible only by

using computer equipment with an appropriate software.

This paper presents one of the simulation models of the electrical networks, which are
developed for training of students in the discipline "High Voltage Technics"; the options
for conducting research and the results of the simulation model research. The
introduction of the characteristics of the studied systems is done in a dialog mode,
through a graphical set of schemes of elementary standard units. The result is a model
of the system or the device under study. SIMULINK's capabilities in this regard are
indisputable. The parameters of the elementary units that must be entered when
building the research model most often do not correspond to catalog data. This

requires preliminary calculations, which is a certain drawback.

To simulate the processes of occurrence and limitation of overvoltages, models of the
electrical networks and interference effects have been created in the Matlab Simulink
software environment. The multivariate nature of the task includes the following
influencing factors: the number of the outgoing power lines (PL) from the distribution
system (DS); the type and the place of installation of the surge protection devices
(SPD); the impulse resistance of the grounding conductor on the pole; the type of
disturbance; parameters of the cable power lines (CPL) — the cable type, the cable

section, the way of laying the singlephase cables, the length.

The specifics of the operation of the electrical networks, in many cases, do not allow
practical study of the processes in it. This is the reason that the model simulations of
the electromagnetic transients with computer programs have become one of the most
preferred methods for research, analysis of the network operation and training. The
visual programming opens up opportunities for using the most modern mathematical
methods for solving problems in situational modeling of complex systems, such as

electrical networks.
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[7-04. Vasileva, M., |. Draganova-Zlateva,N. Zafiroska, Results of simulation
modeling of an insulation system with the development of a partial
discharge in the volume of a solid dielectric, 14 Electrical Engineering
Faculty Conference, BUIEF 2022, INSPEC Accession Number: 22570497

https://ieeexplore.ieee.org/document/10021154

PesynTtatu oT cuMynaumMoHHO MoaenupaHe Ha U3onauuoHHa cucTema ¢
pa3BUTHE Ha YacTU4eH pa3psag B o6ema Ha TBbpPA ANENeKTPUK

PasButreTo Ha yactnyHu paspagm (PD) B obema Ha TBbpaMTE ANENEKTPUUM € eqHa
OT OCHOBHUTE MPUYMHM 3a YBpEeXAaHe Ha wusonauusTa Ha enekTpUYecKoTo
obopynBaHe.

M3mepBaHeTO Ha NapamMeTpuTe Ha YacTUYHUTE paspsaM € efgHa OT OCHOBHUTE
ANarHOCTUYHM AENHOCTM MPU OLIEHKA Ha CbCTOSAHMETO Ha enekTpuyeckaTa nsonaums.
3a ga ce npoyyn B getannu npoueca Ha passutuve Ha PD, e Heobxoammo ga ce
n3nons3saTt CUMynaumMoHHM MOAENN Ha KOHKPETHa U3onauMoHHa cuctema.

Ha 6asaTta Ha pa3paboTeH cMmynauuoHeH MoLen OoKNaabT NpeactaBs BapuaHTHO
nacnefBaHe Ha YacTUYEeH paspsd B pasnuyHy ANENEKTPUYHU CPeaun, Npu pasnnyHu
roneMMHM Ha MNPUNOXKEHOTO HaMNpeXeHne W pasfMyHn pasMepu Ha Bb3AYLHOTO
BkNtouBaHe. CuMynaumoHHUAT mMogen e paspaboTeH B nporpamHaTa cpega Matlab
Simulink.

BapuaHTHMTE nacnegBaHusa ca: scneaBaHe pa3BUTUETO Ha YacTUMYEH paspsag npu
pasnM4YHn NPUNOXEHN HANPEXeHUs 3a pasnuyHn TBbpan anenexkTpuum; MscneasaHe
Ha pas3BMTMETO Ha YaCTMYHW paspsian B 3aBUCUMOCT OT pa3Mepa Ha Bb3AyLIHOTO
BKMNIOYBAHE B ANENEKTPUK (ENOKCMAHA CMOona).

Ha 6a3aTta Ha HanpaBeHUTE N3cneaBaHnsa ca HarnpaBeHW CreaHnTe U3BOAM:

C yBennyaBaHETO Ha MNPUNOXEHOTO HanpeXeHWe WHTEH3UTETbT Ha 4YacTU4HUTE
paspsam ce yBenu4yaea, KOeTo € B CbOTBETCTBME C AOKAABaAHOTO B nuTepatypara.
Pa3ButneTto Ha 4acTMYHM pas3psanm € HeCcTabunHO Mnpu MO-HUCKO 3axpaHBaLLO
HanpexeHue.

Hali-MHTEH3MBHM YacTU4HM pas3psan Npyu paBHU Opyru ycnoeust ce HabntogasaTt B
enokcmugHaTa cmona.

Mpn gnenekTpuum c No-ronsmMa AMENEeKTpUYHa NPOHNLAEMOCT MHTEH3MBHOCTTA Ha

YaCTU4HUTE pa3p4anun ce yBernmn4yansa.
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Results of simulation modeling of an insulation system with the development
of a partial discharge in the volume of a solid dielectric

The development of partial discharges (PD) in the volume of solid dielectrics is one of

the main causes of damage to the insulation of electrical equipment.

Measuring the parameters of partial discharges is one of the main diagnostic activities
in assessing the state of electrical insulation.

In order to study in detail, the development process of PD, it is necessary to use

simulation models of a specific insulation system.

On the basis of a developed simulation model, the report presents a variant study of
partial discharge in different dielectric media, at different sizes of the applied voltage
and different sizes of air inclusion. The simulation model is developed in the Matlab

Simulink programming environment.

Variant studies are: Investigation of the development of partial discharge at different
applied voltages for different solid dielectrics; Study of the development of partial

discharges depending on the size of the air inclusion in a dielectric (epoxy resin).

As the applied voltage increases, the intensity of the partial discharges increases,
which is consistent with what has been reported in the literature.

The development of partial discharges is unstable at lower supply voltage.

The most intense partial discharges, other things being equal, were observed in the

epoxy resin.

For dielectrics with greater dielectric permittivity, the intensity of partial discharges

increases.
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r8-01 M. Vasileva, “Overvoltage Protection of a Cable Part in an Electrical Grid
20 kV,” in ICEST 2010 - XLV International Scientific Conference on
Information, Communication and Energy Systems and Technologies.
Proceedings of Papers, 2010, vol. 2, pp. 639-640

3awmTa OT NpeHanpexeHne Ha KabeneH y4acTbk B enekTpuyecka mpexa 20 kV

BbnpocbT, cBbp3aH ¢ npaBuiHUS M36Op Ha BMOA Ha yCTpoMCTBaTa 3a 3awmta oT
npeHanpexeHne U MACTOTO Ha TAXHOTO MHCTanupaHe uMma Mnpsiko OTHOLUEHME KbM
cbrnacyBaHeTO Ha u3onaumdara Ha yCTponcTeara.

HvuBaTa Ha u3onauus xapaktepusmpat CcheunmuUyHUTE  U3UCKBAHUSA  KbM
N30NaUMOHHUTE CUCTEMM Ha YCTPOMCTBATa cnopepn TaxHata QyHKUMS M Knac Ha
HanpexeHne. OteBogutennte oT MeTtaneH okcng (MOSA) Hamansear
npeHanpexXeHMeTo No-paHo OT UCKPOBUTE OTBOAMUTENMN.

3apavaTta Ha TOBa u3credBaHe e Aa ce onpedenu AbfKMHATa Ha 3axpaHBalumTe
kabenu, korato U3onaunmoHHOTO HMBO Npu cpsidaHa BbiHa (CWWL) He e npeBuLLIEHO
B He3awuTeHnsa kpan Ha kabenHata nuHua (CL), B 3aBMCMMOCT OT Buaa Ha
nanonssaHms MOSA 1 0T HayMHa Ha nonaraHe Ha kabena. HUBOTO Ha n3onauusa Hama
Aa 6vae npesuweHo, ako n3bpaHoto MOSA mexay CL u enektponposoga (PL) e
ocurypuno Heobxogumarta 3alumMta B He3alWuTeHNsa Kpan unu BbiHaTa e 3atuxHana
AO0CTaTbyHO M HE € onacHa B Kpas Ha 3axpaHBawms kaben (PC) .

Pesyntatute 3a gbimkuHaTa Ha cunosu kabenu B 3asucmumoct ot MOSA - tTun MWK
19 n MoHOa3HK cunosu kabenum cbue ceverne 95, 120, 150, 185 mm ca 0606LeHn B
Tabn. Pesyntatute nokaseat, ye LKEP 3aBucu go ronsima cteneH OT HavMHa Ha
rnonaraHe Ha 3axpaHBawuTe Kabenu n He 3aBUCU CbLLECTBEHO OT TAXHOTO HaNPe4yHO
ceyeHve. 3axpaHBawmte kabenu ca C nonuMmepHa wusonauma. dur. nokasea
HanpexeHnsTa B Kpasi Ha kabena B 3aBMCUMOCT OT AbikuHaTta My 3a MOSA - tun
MWK 18 n pas3nnyHu HaumHu Ha nonaraHe Ha PC. Pesyntatute 3a LKEP B
3aBucmmocT oT Bmaga Ha MOSA u HauymHa Ha nonaraHe Ha PC ca o0o0OueHn B
Tabnuua.

[pyr npoy4eH cnyyanm e enektpuyecka mpexa 20 kV ¢ kabenHa nuHua mexay nsa
Bb34YLLHM eNeKkTPonpoBoAa.

3a onpefensHe Ha MakcumanHaTa Ob/DKMHA Ha kabernHa NuHUA ¢ eaHoCTpaHHa
3awmTa ce pasrnexga criydam, npu KOMTo npeHanpexeHne Hasnusa ot PL, cBbp3aH
C He3alLmMTeH Kpan Ha kabena.

Pesyntatute 3a pasnnyHute onummn ca o6o6ueHn B Tabnuua.

KoraTo ob/mkmHuTe Ha kabena ca B rpaHMumTe, nocoveHn B Tabnuua 1 n tTabnuua 2,
ce nsmcksa MOSA 3awmTa B ABaTa kpas Ha kabena.

MpenopbyBa ce ABycTpaHHa 3awmTta ¢ MOSA, korato obmknHute Ha CL HagBuwasart
cTonMHocTuTe B Tabnuua 3.
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Overvoltage Protection of a Cable Part in an Electrical Grid 20 kV

The question connected whit the right choice of the surge protective devices™ type and

their installing place has a direct attitude whit the devices insulation coordination.

The insulation levels characterize the specific requirements for insulation systems of
devices according to theirs function and voltage class. The Metal Oxide Surge

Arresters (MOSA) reduce the overvoltage sooner as the spark-gap arresters.

The task of this study is to determine the length of power cables when the Chopped
Wave Withstand Level (CWWL) is not exceed in the unprotected edge of the cable line
(CL), depending on the type of used MOSA and of the type laying of the CL. The
insulation level will not be exceeded if the selected MOSA between the CL and power
line (PL) to provide the necessary protection in the unprotected edge or wave surge

has abated sufficiently and it is not dangerous at the end of the power cable (PC).

The results for the length of power cables dependent on MOSA - type MWK 19 and
the single-phase power cables whit cross- section 95, 120, 150, 185 mm are
summarized in Table. The results show that Lker depends largely on the way of laying
the power cables and not depend substantially on their crossection. The power cables
are whit polymeric insulation. Fig. shows the voltages at the cable end depending of
its length for MOSA - type MWK 18 and different ways of laying the PC. Results on
Lkep, depending on the type of MOSA and way of laying of PC are summarized in a
Table.

Another study case is a power grid 20 kV whit cable line between two power lines.

To determine the maximum length of cable line with unilateral protection seen case
where surge wave enters from the PL associated with unprotected edge of the cable.
The results for the various options are summarized in Table.When the lengths of PC
are within the range specified in Table 1 and Table 2 is required MOSA protection at
both ends of the PC.

Bilateral protection whit MOSA is recommended when the CL lengths exceed the

values in Table 3.
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8-02 WoppaHosa, M; Bacunesa, M; Mexmea-Xamsa, M. KomnioTbpHa nporpama
3a oueHKa Ha pucka oT aTMocepHU eneKkTpu4eckn BbL3AEeUCTBUSA.
C6bopHuk poknagn. MexagyHapogHa HaydyHO-TEXHMYECKa KOHEepeHLmS.
EnektpoeHepreTtuka 2010; TexHnyeckn yHuBepcuteT - BapHa; bbunrapus; 267-
272. ISBN 978-954-20-0497-4

Heobxogmmoctta ©  MKOHOMWYecKaTa M3roga OT BbBeXJaHETO Ha
MbiHMEe3awWmnTa N 1M300pbT HA MEpPKM 3a 3awmra ca CBbp3aHM C OLEHsIBAHE W
ynpaBneHne Ha pucka. Ctatmsata onucea paspaboTeHa KOMMTbpHA nporpama 3a
OMpOCTEHAa OLEHKa Ha pucka OoT MbJSIHUEHOCHA AenHOCT. [1porpamaTta e ocHoBaHa Ha
EBponenckute ctaHgapTu 3a MblHUe3awmTa ot cuctemata EN 62305. OueHsiBaHeTO
N ynpaBrieHneTo Ha pucka e obekt Ha EN 62305-2 u uenn ns3bop Ha nNoaxoasLlo
3alMTHO HUBO, OCUrypsiBall0 HamansBaHe Ha puUcka OO CTOMHOCT Mo-Marnka Wnu
paBHa Ha 4onycTUMa CTOMHOCT.

KomnioTbpHaTta nporpama 3a onpeaensiHe Ha pucka oT MbiHUKM obrnekyasa
n3umcnuTenHaTta npoueaypa npuv nNpoekTupaHe Ha MbhHuesawmTa. KaTto kpaeH
pesyntaT nporpamarta npegnara nNoaxogsWwoTO HMBO Ha MbIHME3almTa,
ocuUrypsiBaLLo 3a pasrnexgaiimsi o06ekT gonyctnmMa CTOMHOCT Ha pucka

M3non3BaHa e mM3BEeCTHa ONPOCTEHA Mpoueaypa 3a OUEHKa Ha pucka npwu
nonageHnst Ha MbITHUN BbPXY Crpagn M BbHLUHWM CbOPBXKEHUS, KaKTO U MpPEeXn 3a
obuiectBeHO o0OcnyxBaHe (enekTpo3axpaHBaHe, TenedOHHWU, KOMYHMKALMOHHN,
MHOPMaUMNOHHN, TPpBOONPOBOAHM M NOLOOHM MpEeXu) CBbp3aHM CbC Crpagn u
BbHLUHM CbOopbXeHus. MNMpouenypata e NpunoXxmma, Korato pUckbT OT NoXKap € HUCHK
WX HOpMareH, Unn - BUCOK, HO PUCKBLT OT NMaHMKa € HUCBLK. 3a oueHKa Ha pucka 3a
00eKTn, KOUTO CbabpXKaT EKCMfo3MBHA cpeda WM npeacTaBnsBaT OMacHOCT 3a
okonHata cpega, npouedypata  M3MCKBA  OONbIHUTENHA  MHGOpMauus.
KomnioTbpHaTa nporpama no3BosnsiBa BKIOMBAHE Ha HOBM GROKOBE, 3a OUEHKa Ha
TakMBa AOMbIHUTENTHM €NEMEHTU Ha PUCK.

Mporpamara oueHsiBa cnegHuTe puckoBe: Ri1 - OT 3aryba Ha YOBELLKN XXMUBOT UIn
HaHacsiHe Ha TpauHu yBpexaaHus; Rz - oT 3aryba Ha Mpexu 3a oOLeCTBEHO
obcnyxBaHe; R3 - oT 3aryba Ha KynTypHO HacneacTso.

Bcekun puck R e cyma OT KOMNOHEHTUTE Ha pucka RD M Ri. Ro € KOMMNOHEHT Ha
pucka, oTHacsw, ce oo u3nyecknTe nospenu B pe3ynTtaT Ha OnacHO UCKPEHE B
crpagu U BbHLUIHM CbOPbBXEHUS, BOAEWO A0 NoXap WU MbiHO WM YacTUYHO
paspyllaBaHe Ha CrpaguTe M BBHLUHUTE CbOPBXEHUA. Ri € KOMMOHEHT Ha pucka
OoTHacsL ce Jo umsndeckn nospeau (Noxkap Unm MbiAHO UM YaCTUYHO pa3spyLlaBaHe
B pe3ynTaT Ha OnacHO UCKPEHE MeXAy BbTpEeLlHaTa MHCTanaums U MeTanHnTe 4yacTy,
KOMTO OOMKHOBEHO Ca PasnorioKeHu Npu BXOAHaTa TOYKa Ha NMHMATaA B crpagun u
BBbHLUHN CbOPBXEHMS) Bb3HUKBALLM OT TOKOBETE OT MBJIHUU NPEHACAHW NPe3 Unu no
BXOASLWMTE B Crpagute U BbHLUHUTE CbOPBLXEHUSI MpeXu 3a obWecTBeHO
obcnyxBaHe. B nporpamarta ca BrpageHn BCUMYKM Heobxoammu TabnuyHm gaHHM 3a
onpegensiHe Ha eNemMeHTUTe Ha puUcka, ¢ KOMTo NoTpebuTenaT onepupa B AManoros
pexum C guanoroBn ekpaHu. [lporpamata npegnara nooxogswoTo HMBO Ha
MblHME3almnTa 3a BCEKM PUCK MOOTAESTHO.
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Computer Program for Atmospheric Electrical Risk Assessment

The need and economic benefit of introducing lightning protection and the choice
of protection measures are related to risk assessment and management. The paper
describes a developed computer program for simplified risk assessment of lightning
activity. The program is based on the European standards for lightning protection by
the EN 62305 system. Risk assessment and management is subject to EN 62305-2
and aims to select an appropriate protective level to ensure risk reduction to a value
less than or equal to a tolerable value.

The computer program for the determination of the risk of lightning activities the
calculation procedure in lightning protection design. As a final result, the program
offers the appropriate level of lightning protection, providing for the site a permissible
risk value.

A known simplified procedure has been used to assess the risk of lightning strikes
on buildings and external facilities, as well as public service networks (power supply,
telephone, communication, information, pipeline and similar networks) connected to
buildings and external facilities. The procedure is applicable when the fire risk is low
or normal, or - high, but the risk of panic is low. For risk assessment for sites which
contain an explosive environment or present an environmental hazard, the procedure
requires additional information. The computer program allows the inclusion of new
blocks, to assess such additional elements of risk.

The program evaluates the following risks: R1 - from loss of life or permanent
damage; R2 - from loss of public service networks; R3 - from loss of cultural heritage.

Each risk R is the sum of the risk components RD and RI. RD is a component of
risk pertaining to physical damage resulting from hazardous arcing in buildings and
external facilities resulting in fire or total or partial demolition of buildings and outdoor
facilities. Rl is a component of risk relating to physical damage (fire or total or partial
destruction resulting from hazardous arcing between the internal installation and the
metal parts normally located at the entry point of the line into buildings and outdoor
facilities) arising from lightning currents transmitted through or through public service
networks entering buildings and external facilities, with which the user operates in
dialog mode with dialog screens. The program offers the appropriate level of lightning

protection for each risk individually.
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8-03 M. Vasileva and D. Dimitrov, “Model Research of Atmospheric Electric
Effects in Electrical Low Voltage Network with Local Photovoltaic
System,” in ICEST 2011 - XLVI International Scientific Conference on
Information, Communication and Energy Systems and Technologies.
Proceedings of Papers, 2011, vol. 3, pp. 985-986

MopaenHo uscneaBaHe Ha aTMoccepHUTe enekTpuyecku edpekTu B
eneKTpuyecka mMpexa HUCKO HarnpexeHue c riokanHa chotoBonTanyHa cuctema

3apavaTta Ha HacTOAWOTO u3crneaBaHe e ga ce npoBeaaTt BapuaHTHU U3cnensaHns
3a Bb3HMKBaAHe N OrpaHMyaBaHe Ha aTMOCHEPHUTE NpeHanpexeHns B eNeKTpu4ecku
MPEXM HUCKO HanpeXeHue C fokanHa goTtoBonTamyHa cuctema. Heobxogmmo e ga
ce HaMepu TEeXHWYEeCKM U MKOHOMUYECKUM M3ro4HO pelleHWe 3a MHCTanupaHe Ha
YCTPOMCTBA 3a 3awuTa OT npeHanpexeHue. 3awWwuTHUTE YyCTponcTBa TpsibBa Aa
OTroBapsAT Ha uanckBaHuaTa Ha ctaHaapT IEC 61643-11. Te ca MOHTUpaHU Mexay
BCSIKa MbJIHME3aLLMTHA 30Ha 1 TpsAbBa Aa uMaT NoAX04ALLO 3aLNTHO HMBO. CbrnacHo
ctraHgapT |IEC 60364-4-44, HuBaTa Ha W3OPBXIMBOCT Ha MpPEHanpexeHus Ha
obopyaBaHeTo ce knacuduumpaT B YeTUpu KaTeropun. 3aluMTHUTE YCTPOWUCTBA
TpsbBa ga orpaHnyaBaT NpeHanpexeHusaTa noa Te3n HMBa.

MoaenbsbT nHTerpmpa cnegHuTe CTPYKTYPHU eNeMEHTU: enekTpoeHepruiHa cmcrema
(S); enektponposoaun 0,4 kV - Bb3gyLleH n kabeneH, rmaBHO pasnpeaenuTenHo Tabno
(GRT); ycTponctBa 3aorpaHMyaBaHe Ha MpeHanpexeHus - TUN MeTanoKCUAHU
(MOSA), nHcTanaums 3a HUCKO HanpexeHne, KOHCYMaTopu ¢ pasnuyHa mowHocTt (C1,
C2, C3). NMoacuctemata Ha DC ce cbCTOM OT U3TOYHMK HA MOCTOSIHHO HanpeXeHue
(PV), konto ce CbCTOM OT (POTOBOMTAMYHW MNAHENW, WHBEPTOP, 3a3EMUTENHU
peanctopu. NacnegsaH e cnyvan Ha AUPEKTHO NOMageHMe Ha MbIHMSA BbB ha3oB
NPOBOAHWK Ha enekTponpoBoga B cuctemarta S. Habniogaesa ce Bb3AencTBneTo Ha
MbrAHUA ¢ napametpu 40 kA n 1 /10 ys. HanpexeHneTo Ha BxogsduwaTta BbSiHA U
OCTaTbYyHUTE HaNpPeXeHUs Ha 3alMTHUTE YCTPOWCTBA ce KOHTponupat. HanpaseHu
ca npoyyBaHus 3a cnegHuTe criyyau:

1) Hannune Ha MOSA B rnaBHOTO pasnpegenutenHo tabno, B AC n DC yactuTe Ha
WHBEpPTOpa 1 Npen KOHCYMaTopUTE;

2) Hannumne Ha MOVO B rmaBHOTO pa3npegenutenHo tabno, B8 AC n DC vyactute Ha
nHBepTOpa, 6e3 3aLNTHN YCTPONCTBA KbM KOHCYyMaTopuTe;

3) Hannune Ha MOVO camo B rmaBHOTO pasnpenennuTtenHo tabno;

4) 3alWnTHUTE YCTPONCTBA HE Ca BKIHOYEHW.

5) PasnuyHa pgbmkmHa Ha kabena (10, 20, 50 ™M) mexgy WHBEPTOPHUM U
doTOBONTANYHM NAHENN 3a criyyan 1.

3a cnyyan Bcnukm MOSA 3anoudBat ga paboTaT, orpaHMyYaBankn NpeHanpexeHusTa
no 3agageHute. OT aHanNUMTUMYHUTE U3CneaBaHus MoraTt ga Cce HanpaBaT cnegHuTe
OCHOBHW U3BOAN:

1) Hannuneto Ha MOSA camo B rmaBHOTO pasnpegenutenHo Tabno He Moxe ga
OCUrypu 3alumta OT MnpeHanpexeHus Ha obopyaBaHETO B MO-HMCKA KaTeropus Ha
MOHTaX.

2) Hannuneto Ha DC Bepura B cxemaTa M no-crneuvanHoO MHBEPTOPBLT BOAU A0
AOMbIHUTENHM CMYyLLEeHUs B paboTaTta Ha 3alUTHUTE YCTPOMCTBA.

3) HeobxooMmo e pa ce BKNWOYaAT 3alMTHM YCTPOMCTBA 3a BCUMYKM BWUOOBE
CbOPbBbXEHUS, 3a Aa Ce OCUrypu TaxHaTa 3alumTa.
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Model Research of Atmospheric Electric Effects in Electrical Low Voltage
Network with Local Photovoltaic System

The task of this study is to conduct variant research on the occurrence and limit
atmospheric overvoltages in low voltage electrical networks with local photovoltaic
system. It is necessary find technically and economically viable solution to install surge
protective devices. Protective devices must meet the requirements of standard IEC
61643-11. They are mounted between each lightning protection zones and must have
an appropriate protective level. According to standard IEC 60364-4-44, endurance
levels of overvoltages of the equipment are classified into four categories. Protective
devices must limit overvoltages under these levels.

The model integrate the following structural elements: power system (S); power lines
0,4 kV - air and cable, main switchboard (GRT); surge arresters - type metaloxide
(MOSA), low voltage installation, consumers with different power (C1, C2, C3).
Subsystem of DC consists of a source of direct voltage (PV), which are modeled by
photovoltaic panels, inverter, grounding resistors. Examined a case of direct hit of
lightning in phase conductor of the power line in the system S. Observe the effects of
lightning with parameters 40 kA and 1 /10 pys. The voltage of the incoming wave and
residual voltages of protective devices are controlled. Studies have been made for the
following cases:

1) Presence of MOSA in main switchboard, in the AC and DC parts of inverter and
before consumers (fig. 1);

2) Presence of MOVO in main switchboard, in the AC and DC parts of inverter, without
protective devices to consumers;

3) Presence of MOVO only in main switchboard;

4) Protective devices is not included.

5) Different cable length (10, 20, 50 m) between inverter and photovoltaic panels for
case 1.

For case 1 common pattern in the resulting time dependencies of voltages is that they
develop as harmony fading fluctuations, which in steady pass to form the working
voltages. All MOSA begin to work, limiting overvoltages to the corresponding. From
analytical studies can be made the following major conclusions:

1) The presence of MOSA only in main switchboard can not provide protection from
overvoltages of equipment in lower installation category.

2) The presence of a DC circuit in the scheme and in particular the inverter brings
additional disturbances of the operation of the protective devices.

3) It is necessary to include protective devices for all types of facilities to ensure their
protection.
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8-04 M. Yordanova, M. Mehmed-Hamza, and M. Vasileva, “Risk Assessment of
Lightning Damages,” in ICEST 2011 - XLVI International Scientific
Conference on Information, Communication and Energy Systems and
Technologies. Proceedings of Papers, 2011, vol. 3, pp. 987-988

OueHKa Ha pucka Npuv NopaxxeHUs OT MbJTHUKU

EBponenckute ctaHgapTv 3a MbiiHMesawmTHa cuctema EN 62305 BbBexagaTt pucka,
CBbp3aH C MbIHUEHOCHUTE BIUSHUSA, HeobxoaMMOoCTTa W MKOHOMMYeckaTa
uenecbobpasHoCT 3a MbHMe3awwmTa n n3bopa Ha Mepkmn 3a 3awmTa. LianoctHata u
KOMIMIEKCHa OLEeHKa Ha pucka oT4ynTa CTpyKTypaTta, KosaTo TpsibBa aa 6bae 3alumTeHa,
N ycnyrute, C KOUTO € cBbp3aHa CTpykTypaTta. OueHkaTa 1 ynpaBfieHMeTO Ha pucka
ca npeameT Ha EN 62305-2 u uenu un3bopa Ha NOAXOASLLO HMBO Ha 3awuTa,
OCUTypsiBalLl0 HamarnsiBaHe Ha pucka [0 CTOMHOCT, MO-Manka wnu paBHa Ha
rpaHuyHaTa. fonyctummnat puck RT e makcumanHaTa npuemnuea CTOMHOCT, KOSITO
Bapupa oT 10°° npu puck ot 3aryba Ha xmBoT Ao 102 npu puck oT 3aryba Ha Mpexu 3a
o6LeCTBEHN yCnyrn unun KynTypHO HacneacTso.

ABTOpuTE ca paspaboTunn KOMMTbpHA Nporpama 3a onpejensHe Ha pucka oT
MbAHUA. KaTto KkpaeH pesyntaT nporpamaTta ocurypsiBa MoOAXo4sWwO HUMBO Ha
MbiHWe3awumTa. [lporpamaTta wm3nona3sa OMpoCTeHa npouedypa 3a oueHka Ha
cnegHute puckose: R1 - 3aryba Ha YOBELUKM XUBOT MMM NPUYMHSBAHE Ha TpawmHu
yBpexaaHus; R2 - 3aryba Ha mpexu 3a obuiectBeHn ycnyri; R3 - 3aryba Ha KynTypHO
HacneacTBo.

ABTOpUTE npegnaraT ga ce B3emaT npeasu OOMbIAHUTESNHUS PUCK OT 3aryba Ha
MKOHOMMYECKa CTOMHOCT R4 1 JONBAHUTENHU KOMMOHEHTU OT BCAKaKbB BUA, PUCKOBE
oT R1 o R4 - HapaHsiBaHe Ha XWBW CbLUECTBA, Ab/KALLUKX Ce Ha AOMNUPHU U KpadHn
HanNpPeXeHWsl, KaKTo 1 KOMMOHEHT, CBbP3aH C PU3NYECKM LLETU, MPUYMHEHN OT ONacHU
WUCKPU BbTPE B KOHCTPYKUMATA, NPEeaM3BMKBALLN NOXapP UMW eKCro3ns.

Te3n enemMeHTN ce oueHsiBaT 3a CnefHUTE criydan: MbIHUA KbM KOHCTPYKUUS UIU
MBITHUSA B 6IM30CT 40 KOHCTPYKUMATA; MBIIHUA KbM BXOAALLA yCryra Uin MbiHUS B
6nmnsocT go ycnyrata. [NoTpebutenaTt moxe Aa 3agage U3dMCcrneHneTo Ha BCEKU PUCK
nootgenHo - R1 go R4. [lporpamaTta BkMA4YBa BCUYKM TabnuvyHM [OaHHM 3a
onpeaensiHe Ha pucka, Taka 4ye noTpedbuntenaT paboTn B MHTEPAKTUBEH PEXUM, KaKTO
€ rnokasaHo B MpuMepHUTe OuanoroBu ekpaHu. lNporpamarta npeanara noaxoasilo

HMBO Ha MbJ1HME3aLLNTa 3a BCEKN PUCK MOOTOEITHO

18



JokymeHnmu Ha doy. 0-p uHx3c. Mapepema lNapawkeeaHosa Bacuneea, MY-BapHa

Risk Assessment of Lightning Damages

European standards for lightning protection system EN 62305 introduces the risk
associated with the lightning influences, need and economic convenience for lightning
protection and the choice of protection measures. The comprehensive and complex
risk assessment takes into account the structure to be protected and the services to
which the structure is connected.

Assessment and risk management is subject to EN 62305-2 and purposes the choice
of appropriate protection level, providing risk reduction to a value less than or equal to
the limit.

Tolerable risk RT is the maximum acceptable value, which varies from 10 to risk loss
of life to 103 on the risk of loss of public service networks or cultural heritage.

The authors have developed a computer program to determine the risk of lightning. As
a final result the program provides the appropriate lightning protection level. The
program uses simplified assessment procedure for the following risks: R1 - loss of
human life or cause permanent damage; R2 - loss of public service networks; R3 -
loss of cultural heritage.

In the present paper the authors offer a developed new computer program taking into
account additional risk of loss of economic value R4 and additional components of all
types risks R1 to R4- injury to living beings due to touch and step voltages as well as
component related to physical damage caused by dangerous sparking inside the
structure triggering fire or explosion.

Those elements are assessed for following cases: lightning flash to a structure or
lightning flash near the structure; lightning flash to an incoming service or lightning
flash near the service. The user can set the calculation of each risk separately - R1 to
R4. The program incorporated all the tabular data for determining the risk that the
consumer operates in interactive mode, as shown in the sample dialog screens. The

program offers the appropriate level of lightning protection for each risk separately.
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I8-05 Wopaarosa, M; BacuneBa, M; Mexvea-Xamsa, M.
OueHka Ha edpeKTMBHOCTTA Ha 3aluuTaTa cpeLly NPAK yaap Ha MbiHUA Ha
BeTpoeHeperumHn napkoBe. TpeTn MexayHapoAdeH HaydeH koHrpec - 50
roguvHn, TexHuyeckn yHuBepcuTeT - BapHa; TexHuyeckn yHuBepcuTeT -
BapHa; bvnrapus; 201-203; 2012. ISBN 978-954-20-0552-0

Llenta Ha cTatmata e ga ce aHanuaMpa oueHkata Ha eqeKTMBHOCTTa Ha
MbIiHMe3awmTaTa cpelly npsSKk yaap Ha MbIHUMA 3a uanata Teputopus Ha
BEeTpOEHeperneH napk npuv U3NoM3BaHe Ha MbMHWEOTBOAHATA cucTeMa Ha
eOVHNYHUTE BETpOreHepaTopw CbINacHO AencTBalumte Gbnrapcku, eBpOnemnckn m
MeXayHapOaHN HOPMMU.

PoTopHuTEe nepkn Ha BATbPHUTE TYpOUHW UMaT BrpageHa MbIHWENpPUEMHa
CUCTEMA, HaN-4eCTO C HSKOSMKO pelenTopa BbB BbTPELUHOCTTa UM, CBbpP3aHU CbC
3asemutenHaTta ypeaba. [JombfHUTENHM MayTOBUM MbIHUENPUEMHUUM 3aliuTasar
aBMALUNOHHNTE CBETIIMHW U CEH30pUTE 3a U3MepBaHe Ha NnocokaTa M CKOpOCTTa Ha
BATbpa, pasnofiokeHW Ha roHgonarta. VHTepec 3a npaktukata npeacTtaBnsasa
onpegensHeTo Ha MblHMe3alWmMTHaTa 30Ha Ha BETPOeHeperniH NapkoBe OT HAKOSKO
BATbPHU TypOMHN.

3a oueHkaTa Ha pucka asTopuTe ca wu3nonseBanu paspaboTeHa OT THX
KOMMNIOTbPHA Nporpama, KOATo € AoMbJIHeHa ¢ ABa Moayna.

EomHmnar mogyn (no IEC 61662) aHanm3unpa 3arybute oOT artmocdepHa
enekTpuyecka OevHOCT 3a pPOTOpHUTE nepkn. KputepusT e MkoHoMmyecka usroga-
MOHTUpaHeTo Ha M3 cuctema c onpegeneHo HMBO L onpeaeny eBeHTyanHn 3aryou,
no- ronfieMn B CpaBHEHWE C Te3Wn 3a marpaxgaHe u nogavpxaHe Ha M3 cuctema.
AHann3bT MMa 3a uen ga onpeaenu HUBOTO Ha MbiiHMe3aluTa.

Opyrvat mogyn peanusunpa oueHkata Ha epektmBHocTTa no IEC 61024-1-1.

C n3bpaHoTO HMBO MoraT [a ce OonpeaensaT KpUTUYHUTE pascTosiHusa d mexay
cbCedHn BeTporeHepaTopu M Henokputute 3oHM OT M3C Ha poTopHUTE NEepkwu.
Heobxoaumo e ga ce B3eme pelueHne 3a HeobxoamMmocTTa OT gonblHuTenHa M3
cucTema 3a Tesn y4acTbLMm.

AHann3bT OT NPOBEAEHUTE U3CNeaBaHMA 3a OLeHKa Ha pucka U edpeKTMBHOCTTA
Ha MbIHME3aWwmMTHa cuctema 3a panoHa Ha bbnrapua nokasa: kaTo uUAno
BETPOEHEPIMNHUTE MapKOBE Y HAc W3UCKBAT MbpPBO HUBO Ha MblHMe3awmTa. 3a
CbOpbXeHUATa, nonagawim B 30HUTE, Henokputn ot M33 Ha otaenHuTe TypOuHK e
3a4bIDKUTENHO OTAENHO Aa Ce OLEHN pucka.
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Evaluation of the effectiveness of protection against direct lightning strike of
wind park

The aim of the article is to analyze the assessment of the effectiveness of the
lightning protection against direct lightning strike for the entire territory of the wind park
when using the lightning protect system of single wind turbines according to the
Bulgarian, European and international norms.

The rotor blades of wind turbines have a built-in lightning system, most often with
several receptors inside them, connected to the grounding system. Additional mast
lightning receivers protect the aviation lights and sensors for measuring wind direction
and speed located on the nacelle. Of interest to the practice is the determination of the
lightning protection zone of wind farms by several wind turbines.

For the risk assessment, the authors used a computer program developed by
them, which was supplemented with two modules.

One module (according to IEC 61662) analyses the losses from atmospheric
electrical activity for the rotor blades. The criterion is economic benefit - the installation
of a lightning protect system with a certain level will determine possible losses greater
than those for the construction and maintenance of the system. The analysis aims to
determine the level of lightning protection.

The other module implements the performance assessment according to IEC
61024-1-1.

With the chosen level the critical distances between adjacent wind turbines and
the uncovered areas of the lightning protection zone of the rotor blades can be
determined. It is necessary to decide on the need for an additional lightning protection
system for these sections.

The analysis of the conducted studies to assess the risk and effectiveness of the
lightning protection system for the region of Bulgaria showed: in general, wind farms
in Bulgaria require the first level of lightning protection. For equipment falling within the
areas not covered by the lightning protection zones of individual turbines, it is

mandatory to separately assess the risk.
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8-6 [Adumutpos, 1; Adumutposa, P; ieaHosa, M; BacuneBa, M. AHanu3 u
CpaBHUTENHa OLeHKa MeXAay eHeprumHo edpeKTUBHU ApauBepu 3a LED ¢
aBTOHOMHO 3axpaHBaHe. TpeTn MexayHapoaeH Hay4yeH KoHrpec - 50
roauvHun, TexHU4Yeckn yHmeepcuteT - BapHa; TexHUn4Yeckn yHmBepcuTeT -
BapHa; bvnrapus; 116-121; 2012. ISBN 978-954-20-0552-0

ABTOHOMHO 3axpaHBaHe € criyyaT Ha 3axpaHBaHe OT aKkymynaTop, 3apedeH oT
PV mogyn.

Bce no - wupokoto npunoxeHne Ha LED ce onpepena oT Bucokata um
€(PEeKTUBHOCT.

Llenta Ha pa3spaboTkaTa e Aa ce HanpaBu CpaBHUTENEH aHanM3 Ha CXxemMuTe Ha
ApanBepun, CpaBHEHWEe MeXay XapakTepuctukute, paboTocnocobHOCTTa UMM U
3arybute Ha MOLLHOCT B ydacTBaluTe B TAX €fIEMEHTU Npu pasfvyHM HauYuHU Ha
cBbp3BaHe Ha LED B maTpuua. Pe3yntatbT OT n3cnegBaHeTo ce oTHacs Ao nsbop Ha
peweHne 3a pgpaveep ¢ Bucok Krl[, pecnekTtmBHO CBETNMHEH AOOGMB WM Han-
OnaronpuATHO TOMMAMHHO HAaTOBapBaHe Ha erieMeHTuTe. 3a TAX ce ocurypsiea
M3nUCKBaHa CTabUITHOCT Ha TOKa NpPU W3MEHEHWe 3axpaHBaLWOTO HanpexeHue u
TOBapa B onpegeneHu rpaHnum.

MpoBeneHoO € MoAeNnHO u3crneaBaHe Ha TUMNOBE CXEMU Ha ApavBepu, Kato e
oueHeHa dyHKMMOHanHaTa um padotocnocobHocT n K4 npy pasnuyeH HauYnH Ha
cBbp3BaHe Ha LED.

Bb3 ocHOBa Ha cpaBHUTENHaTa OUEHKa e onpeaeneHa:

- Tornonorus Ha gpauvsep ¢ Han — Bucok Krzd;

- Bpon Ha cTpuHrose n 6pon Ha LED B T5X, npu KOUTO 3arybuTte Ha eneMeHTuTe
ca MUHUMaIHU;

- TONOJSIOrMs Ha ApanBep U Ha4YMHU Ha cBbp3BaHe Ha LED B maTpuua, npu kouto
pasnpeaeneHneTo Ha 3arybute B OTAENHUTE ENEMEHTU € NO-PaBHOMEPHO;

- 3aBUCMMOCTM HAQ  XapaKTePHU BENUYMHU: KOeMUUUMEHT Ha 3anbfiBaHe Ha
uMnynca, MHAYKUMs B MarHMTONpPoOBO4a Ha U3XOAHWUA TpaHcdopmaTtop, 3arybute B

enemeHnTuTe n KM Ha gpaneep Npu U3MeHeHWe Ha 3axXpaHBaLLOTO HanpexXeHue.
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Analysis and comparative evaluation between energy effective drivers for leds
with autonomous power supply

Autonomous power supply is the case of power supply from a battery charged by a
PV module.

The increasingly wide application of LEDs is determined by their high efficiency.

The purpose of the development is to make a comparative analysis of the driver
schemes, a comparison between their characteristics, performance and power losses
in the elements involved in them in different ways of connecting LEDs in a matrix. The
result of the research refers to the selection of a driver solution with high efficiency,
respectively light output and the most favorable heat load of the elements. For them,
the required stability of the current is ensured when the supply voltage and the load
change within certain limits.

A model study of types of driver schemes was carried out, and their functional
performance and efficiency were evaluated with different LED connection methods.
Based on the comparative assessment, it was determined:

- driver topology with nai - high efficiency;

- number of strings and number of LEDs in them, where element losses are minimal;
- driver topology and ways of connecting LEDs in a matrix, where the distribution of
losses in the individual elements is more uniform;

- dependences of characteristic values: pulse filling factor, induction in the magnetic
line of the output transformer, losses in the elements and efficiency of a driver when

the supply voltage changes.
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8-7 [Odumutpos, 1; Aumutposa, P; iBaHosa, M; BacuneBa, M. U3acneaBaHe Ha
HSIKOU BNUAHUSA HA COOCTBEHMTE NnapaMeTpu Ha cneuymanusnpanm 3a LED
MHTerpanHu cxemu. TpeTn mexayHaponeH Hay4eH KoHrpec - 50 roanHn,
TexHuyeckn yHmBepcuteT - BapHa; TexHndeckn yHmBepcuteT - BapHa,;
Bvnrapus; 110-115. 2012. ISBN 978-954-20-0552-0

Bce no-wmpokoto npunoxexHve Ha LED onpepnens peavuya npomnssBogutenu Ha
nosnynpoBOAHUKOBN eneMeHTU [a Cb3faBaT crevvanunuavnpaHu UHTerpanHu cxemu,
npegHasHadvyeHn 3a LED. CneunanusnpaHeTto um € B TOBa, Ye npu paboTaTta cu Te
n3nbNHABaAT nsanckBaHmaTa Ha LED kato ToBap: cTabUAHOCT Ha TOKa, orpaHMyaBaHe
Ha nyncauyuute My, MOAYMNHO u3nbiHeHne Ha LED, manbk 6pon BBHLUHO
NPUCHLEANHEHN erleMeHTn 1 ap.

Llenta Ha nacnegsaHeTo € Aa ce aHUnM3npaT (PYHKLUNOHANMHUTE Bb3MOXHOCTU
Ha MHTerpanHa cxema cneuuanusupana 3a LED, ga ce npeacrasu cneunduyHocTTa
N OT BbTpPELIHUTE napamMeTpu, KakTo U [a ce MpeacTaBAT BAUAHUATA UM BbpXY
XapakTepHU BeNnYnHU Ha gpansepute 3a LED.

Mpu mn3cnegsaHeTo e uenecbobpasHO fa ce M3non3Ba MeTod Ha cpedHuTe
CTOMHOCTM N 3aMeCTBaLLUM CXEMU Ha UMMYNCHU nNpeobpasyBaTenu, KakTo U MeTod Ha
NPOMEHSIMBMN Ha CbCTOAHMETO Npe3 UHTepBanuTe Ha paboTeH pexum 1 naysa.

N3cnepBaHeTo e npoBeaeHo 3a NCL30100, ¢ BbHLUHO NPUCHEANHEHN ENEMEHTH
n cebp3BaHe Ha LED B maTpuua, kato ce uameHaTt 6posat Ha LED B cTpuHr n 6poar
Ha CTPUHroBeTe.

OT npoBegeHnTe n3cnenBaHna MoraT 4a ce HanpaesaT CnegHUTe U3BOAMW.

MonyyeHn ca noTBbLPOUTENHM pe3yntatu 3a pabotocnocobHocTTa Ha
nocrnegosaTerneH npeobpasyBaTer, Hen3onupaH NPy MHOroOBapMaHTHO CBbpP3BaHe Ha
LED B maTpuua.

[okasaH e BapyaHT Ha uanbnHeHue (3 cTpuHra X 2 LED B CTpWHT) ¢ Han-BUCOK
K4 — 89 %, ocurypsiBaly cTabunHocT 1 gonyctumu nyncaumm Ha Toka. OnpegenexHu
ca enektpuyeckute BenuvuumHu Ha LED w pgpareBepa npu pasnuyHn ToBapu, npu

oTyMTaHe coOBCTBEHUTE napamMmeTpun Ha cneunann3npaHa nHTerpasjiHa cxema.
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Research on some influences of integrated circuits parameters, specializied
for leds

The increasingly widespread use of LEDs has determined a number of semiconductor
manufacturers to create specialized integrated circuits designed for LEDs. Their
specialization is that during their work they fulfill the requirements of LED as a load:
stability of the current, limitation of its ripples, modular implementation of the LED, a
small number of externally connected elements, etc.

The purpose of the study is to analyze the functional capabilities of an integrated circuit
specialized for LED, to present its specificity from the internal parameters, as well as
to present their influences on characteristic values of the LED drivers.

In the study, it is appropriate to use the method of average values and substitute
circuits of pulse converters, as well as the method of state variables during the intervals
of the operating mode and pause.

The study was carried out for the NCL30100, with externally connected elements and
matrix connection of LEDs, varying the number of LEDs in a string and the number of
strings.

The following conclusions can be drawn from the conducted research.

Confirmatory results have been obtained for the operability of a non-isolated series
converter in the multivariate connection of an LED in a matrix.

An execution variant (3 strings x 2 LEDs in a string) with the highest efficiency — 89%,
ensuring stability and permissible current ripples, has been proven. The electrical
values of the LED and the driver at different loads are determined, taking into account

the own parameters of a specialized integrated circuit.
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8-8 M. Yordanova, M. Vasileva, and R. Dimitrova, “Analysis of the Mesh Voltage
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AHanu3 Ha meToAa 3a n34yncnsBaHe Ha JONMUPHO HanpeXeHue Npu Hanuyue
Ha ABYCNOMWHa no4yBa

CraTtuaTa npegnara onpocTeH MeTo 3a OTYNTaHe Ha ABYCMOMHa CTPYKTypa Ha
rnoysaTa Bb3 OCHOBa Ha CTOMHOCTTA Ha LAOMUPHOTO HanpeXxeHue B KparHa brnosa
knetka Em npu npunaraHe Ha uaducnuTenHaTa npouenypa Ha ctaHgapta |IEEE Std
80-2000. 3a MHOrocrnoecT NoYBM MOXe Aa ce M3nonssa popmyra 3a eKBMBaNeHTHO

CbNPOTUBIEHNE.
Em e onpeageneH 3a 3a3eMuTENHM MPEXM C KBagpaTHa MM MNpaBObIbiHA
dopma. Crangapt IEEE Std 80-2000, kaTo pbKOBOACTBO 3a MPOEKTMpPaHe Ha

3aseMuTenHa cuUCTeMa Ha enekTpuyecku MnoAcTaHuMM, u3nomnssa [OMyCTUMOTO
Kpa4HO M [OOMUMPHO HamnpexeHme B 3aBUCMMOCT OT MPOABbIDKATENHOCTTA Ha
MbIHNEBUSA TOK KaTO KPUTEPUIA 3a OoLeHKa Ha edeKTUBHOCTTa Ha 3a3emsiBaHeTo. B
ctaHgapTa "Mesh voltage Em" e MakcumanHOTO HanpeXxeHue Ha Jonup B Mpexara.
ToBa HanpexeHue Tpsibea ga 6bae No-marnko oT 4OMYCTUMOTO JONMUPHO HanpeXeHue
Etouch, OnpegeneHo cbrnacHo crtaHgapta. CTaHgapTbT BbBexaa koeduumeHT K,
KOWTO OTYMTa AByCnonHaTa CTpyKTypa Ha nodsata u koeduumeHT Ke, V/A, ¢ KONTO 1
C TOKa npes 3ems lg ce npecmsTa Em.

Llenta Ha cTatuaTa € ga ce nonydat CTOMHOCTM 3a KoeduumeHta Ko, V/A 3a
na3cnenBaHuTe criyyaum, ¢ KOMTO NecHO aa ce onpeaenun Em 3a gBycnorHarta noyea

N3Boau:

1.MeToabT M KOMNIOTbPHATA NporpamMa Ha ctaTudaTa ce NoTBbpXKAaBaT C NomoLlTa
Ha gauckycuata B F Ha ctangapt IEEE Std 80-2000 3a cTonmHOCTUTE Ha
CbMPOTUBNEHNETO Ha peLleTKaTa 3a oTpuuaTenHo 1 nonoxurtenHo K.

2. PesynTtaTtute, nony4veHn npu otpuuatenHo K, nokassaTt, 4e CTOMHOCTTa Ha Ke
3a crnyyauTe, M3nonaealiyn Pekv, MOXe Aa 6bae o 20 NbTU NO-HUCKA OT criyvasl Ha
n3yucrneHne c p1. Toea BoOAW A0 npeopasMepsiBaHe U NO-BUCOKN pa3xoau.

3. 3a nonoxwutenHo K crtonHoctTa Ha Ke Moxe ga 6bae Ao 2 nbTu no-ronsama ot
cny4yasi Ha ns4vucrieHne ¢ p1. ToBa o3HavyaBa, Ye CTOMHOCTUTE, nosnyveHn 3a Em, we
ObaaTt No-HMUCKM OT peariHMTe, KOETO Ce OTpa3siBa Ha enekTpuyeckara 6e3onacHoOCT.

4. Ako pelueTkaTa € unm B NbpBUA CNoun, Uin BbB BTOPUS CIIon npu oTpuuatenHo K,
AnanasoHbT Ha n3MeHeHne Ha Kg, nadncrneH 6e3 pekv (C p1), € NO-ManbK OT TO3U Npwm
nonoxumtenex K.
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Analysis of the Mesh Voltage Calculation Method in the Presence of a Two-
Layer Soil

This paper proposes a simplified method of accounting for a two-layer soil structure
based on the value of the mesh voltage Em in applying the computational procedure
of the standard IEEE Std 80-2000. The approximation of the horizontally stratified
medium with homogeneous earth is accomplished using a formula for equivalent
resistivity. Em has been determined for grounding grids with a square or rectangular
shape.

Standard IEEE Std 80-2000, being a guide for the design of grounding system of
electrical substations, uses the tolerable step and touch voltage depending on the
duration of shock current as a criterion for assessment of the efficiency of safe
grounding. In the standard, “Mesh voltage En” is the maximum touch voltage within a
mesh of a ground grid. That voltage Em must be less than the tolerable touch voltage
Etouch, defined according to the standard. The standard introduces a coefficient K that
takes into account the two-layer structure of the soil and coefficient Kg that is used
together with current via ground Ic to calculate mesh voltage. Kg, V/IA, has been
determined for grounding grids with a square or rectangular shape. Studied case are
given in the following table:

Conclusions:

1.The method and the computer program of the paper are confirmed using the
discussion in F of Standard IEEE Std 80-2000 about the values of the resistance of the
grid for negative and positive K.

2. The results obtained at negative K showed that the value of Kc for the cases
using pekv can be up to 20 times lower than the case of calculation with pi. It leads to
resizing and higher costs.

3. For positive K the value of Ke can be up to 2 times larger than the case of
calculation with p1. It means that the values obtained for Em will be lower than the real
ones, which affects electrical safety.

4. If the grid is either in the first layer or in the second layer at negative K, the
range of change of KG calculated without pekv (with p1) is less than the one at positive
K.

5. For the two-layer soil it is convenient to use the suggested simple way to
calculate the equivalent resistivity and Em.
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of the processes in current instrument transformers for the purposes of
relay protection,” in ICEST 2013 - XLVIII International Scientific Conference
on Information, Communication and Energy Systems and Technologies.
Proceedings of Papers, 2013, vol. 2, pp. 763—-766

MopenHo uscnenBaHe Ha npouecuTe B TOKOBU U3MEPUTENTHU
TpaHccopmaTopM 3a LenuTe Ha perienHara 3awmTa

HopmanHata pabota Ha obopyaBaHeTO B €HEpPruiHUTE CUCTEMM 3aBUCU OT
NpPaBuSTHOTO (OYHKUMOHWpaHe Ha ynpasnasawuTe Bepurn wn  3awmtata. OT
CbLLECTBEHO 3HA4yeHVe € U3MEePBAHETO Ha peXnMHUTEe napameTpu 3a penenHa
3awmTta, aBToOMaTWKa, TbpProBCcKO wu3MepBaHe U Ap. CobliecTByBaT pasfvyHU
TEXHUYECKUN peLLeHns 3a U3MepBaHe Ha peXxnMHu napameTpu. Han-pasnpoctpaHeHm
B bbnrapus ca TokoBuTe nameputenHmn TpaHcgopmatopm (TUT). Te ca ycTponcTea ¢
HENIMHENHN XapaKTEPUCTMKM U 3a OocurypsiBaHe Ha HeobxoauMmaTta TOYHOCT Ha
n3amMepBaHusaTa Mma CTporu npasuna 3a nsbopa nm. OT paboTtata Ha uaMepBaTeNHUTE
TpaHcdopMaTopu 3aBUCK HE CaMO TOYHOCTTa Ha U3MEPBAHNATA, HO N HAAEXAHOCTTa
N npaBunHata pabota Ha penenHarta 3awmTa M aBTomMaTtuka. MogenbT Ha TOKOB
namepBaTteneH TpaHcopmaTop TpsibBa TOYHO Aa OTpassiBa Bpb3kaTa Mexay
NMbpPBUYHUS U BTOPUYHUA TOK MopenHo wuacnegBaHe Ha npouecute B TOKOBUTE
namepBaTenHn TpaHcdopmaTopu € MNpeacTtaBeHO B pPasfiMyHU  nNuTepaTypHu
N3TOYHUUM. MogenbT Ha TOKOBUTE U3MepBaTesnHu TpaHcopmaTopu e paspaboTeH B
MATLAB. NMpo6nembT Npun M3Non3BaHETO Ha TO3M MOAEN €, Ye B kKaTtanoaute Ha CIT
nunceaT Heobxogmmute napameTpu. Llenta Ha Tasu ctatua e ga ce onpenenst
napameTpute, Heobxoaumn 3a mogenupaHe Ha TUT B MATLAB Bb3 OCHOBa Ha
N3BECTHUTE KaTarnoXHN napameTpu 1 HanpaseHn namepBaHusa. [loknagbT € 0oOpMeH
B ABe yacTu. [bpBUAT pasgen ce oTHaca A0 nogrotoBkata Ha mHdopmauus 3a
MoJeria Bb3 OCHOBa Ha M3BECTHUTE KaTanoXxHuW napameTpu u namepsaHus. Bropuat
pasgen npeacraBs pesynratute OT MOAESTHOTO u3cneaBaHe Ha KoHkpeTeH TUT.
N3cnepBat ce cnegHute crnyyaun: HopManHa paboTa; npeBkoYBaHe Ha npekbcBaya
Q1 Ha 0,02 cekyHAM OT Ha4anoTo Ha cuMmynaumdata (Hanuuue Ha anepuogudeH
KOMMOHEHT); TpUpasHO KbCO CbeanHeHMEe (TOKbT € NoKasaH 3a eHa OT AedeKkTHUTe
dasun); OTBOpeHa BTOpMYHA HaMOTKa. 3a u3cnegBaHUTe cryd4am € nokKa3aHo
N3MEHEHNE HAa PEXUMHUTE NapamMeTpu: MbPBUYEH M BTOPUYEH TOK; MarHUTEH MOTOK,
HamMarHUTBaLl TOK; KoedUUMEHT Ha TpaHcopMaLms U HanpexeHne Ha BTOpUYHaTa
HamoTka. Te3n pesynTaTv MOTBbpPXAaBaT ajekBaTHOCTTa Ha Mogena. Bropuat
pasgen npeacrtaes pesyntatute OT MOOENHOTO m3cneaBaHe Ha koHkpeTeH CIT. Bb3
OCHOBa Ha u3crnegBaHeTo Ha Mofena MoraT Ja ce HanpaBsaT CnegHUTE 3aKknioYeHns:
1) C HanuyHaTa uHdOopMauMs OT KaTano3n U U3MeEpPBaHUS MOXE Ada ce Momny4n
nogpobeH mogen Ha CIT.
2) MoTBbpAeHa € afeKkBaTHOCTTAa Ha Cb3gafeHnst MOgen 3a napaMeTpuTe Ha pexnma
Ha nuacnensaHe.
3) MNopagn HannumMeTo Ha anepuoamyeH KOMMOHEHT HE MOXe [a Cce MOoSlyym TOYHa
TpaHcopmaums Ha Toka.
PaspaboteHusat mogen Ha TUT no3sonsBa M3BbpLUBAHETO Ha peaunua nscneaBaHus,
cBbp3aHn ¢ pabotata UM Npu pasnnyHU BUOOBE KbCO CbEAWHEHME 3a LenuTe Ha
penenHara sawura.
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Model study of the processes in current instrument transformers for the
purposes of relay protection

Normal operation of the equipment in power systems depends on the proper
functioning of the control circuits and protection. It is essential to measure the regime
parameters for relay protection, automation, commercial metering and others. There
are different technical solutions for measuring of regime parameters. The most
widespread are Current Instrument Transformers (CIT) in Bulgaria.

They are devices with nonlinear characteristics and to provide the required accuracy
of the measurements has strict rules for their selection. From the work of instrument
transformers depends not only the accuracy of measurements, but also the reliability
and proper operation of relay protection and automation. The model of Current
Instrument Transformer must accurately reflects the relationship between the primary
and secondary current Model Study of the Processes In Current Instrument
Transformers is presented in various literary sources. Model of the Current Instrument
Transformers is developed in MATLAB. Problem in using of this model is that there
are not the required parameters in the catalogs of CIT.

The purpose of this paper is to determine the parameters needed for modeling of CIT
in MATLAB based on the known catalog parameters and made measurements.

The paper is designed in two sections. The first section relates to the preparation of
the information for the model based on the known catalog parameters and
measurements. The second section presents the results of the model study of a
particular CIT.

The following cases are investigated: normal operation; switching the breaker Q1 at
0.02 seconds from the beginning of the simulation (the presence of the aperiodic
component); three phase short-circuit (current is shown for one of the faulty phase);
open secondary winding. Change of the regime parameters is shown for the
investigated cases: primary and secondary current; magnetic flux, magnetizing
current; coefficient of transformation and voltage of the secondary winding. FIG. 2
shows the results obtained for normal operation. These results confirm the adequacy
of the model.second section presents the results of the model study of a particular CIT.
Based on the Model Investigation can be the following conclusions:

1) With the information available from catalogs and measurements can be obtained
detailed model of CIT.

2) The adequacy of the created model are confirmed for the study regime parameters.
3) Due to the presence of the aperiodic component can not obtain an accurate
transformation of the current.

The developed CIT model allows making a number of researches related to their work
in different types of shortcircuit for the purpose of relay protection.
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EHeprunHa cnoCoGHOCT Ha MeTanoKCUAHU BEHTUNTHU OTBOAU B
enektponposoau 20 kV

EHeprunHata cnocobHOCT € CBbp3aHa C TEPMUYHOTO HaToBapBaHe B MOMEHTA, KOraTo
mMeTanokcugHute BeHTUnHM oteoanm (MOSA) pabotar. Paborata Ha MOSA e
nacnegBaHa
nod Bb3OENCTBMETO Ha aTMocdepHn npeHanpexeHus. PasrnepnaH e apuabateH
TonnuHeH npouec. AbcopbumoHHata eHeprma ot MOSA e nonyyeHa u4pes
MaTemaTudeckn mogen B Matlab.
Cratnata npeacraBa pes3yntatu OT u3cregBaHe Ha 3awmTHaTa pabota u
eHepruHata crnocobHoct Ha MOSA noa Bb3AENCTBMETO HA PasfiMyHU MbITHUEBMU
yaapu 1 TepMmyHO HaToBapBaHe Ha MOSA.
N3cneaBaHnTe npobnemu ca peLleHn Ypea enekTpoTepMmyHa aHanorus. NonydyeHnte
pe3yntaTu Ce OCHOBaBaT Ha 3aMecTBallaTa cXxemMa C TOMMMHHU KanauuTeTw,
CbNPOTUBMNEHNS M TONNMHHU NoToun. [udepeHumnanHnTe ypaBHEHUs ca PeLLEHN No
MeToAa Ha NoTeHUManHuTe Bb3u.
M3BbplUEHO e mn3cnefBaHe Ha BNUSHWETO Ha amnnuTydata Ha ToKa Ha MbIHUATA
Bbpxy nosegeHneto Ha MOSA u Ha paboTata Ha MOSA nog Bb3aencTemMeTo Ha yaap
OT MbJTHMSA C ABA NocrneaoBaTenHu paspsaga U MHAYUMpaHu NpeHanpexeHus.
AHanu3bT Ha pesynTtatuTe nokasea, Ye MOSA orpaHuyaBaT npeHanpexeHusTa go
TSXHOTO HMBO Ha 3awuTa 1 3anasBaTt eHeprurHaTta cm yctondumsocT. PaspaboTeHunTte
MoAenu 3a uscnegeaHe Ha nosegeHneTo Ha MOVO B mpexaTa MOXe Aa ce n3nonasa
3a TexeH u3bop, Kato ce B3emMe npeaBua KoHduUrypauusta Ha cuctemata wu
yyacTBaluTe B HeA enemMeHTM npu pasnuyHa dopmMa 1 NpoabIMKUMTENHOCT Ha
npeHanpexeHuaTa. Te ce ManonseaT M 3a CrneaBawoTo u3crneaBaHe — TEPMUYHO
HaToBapBaHe Ha MOSA. Mogenute paBaT otgendHata B MOSA eHeprus,
HeobxogMma 3a onpeaensHe Ha TAXHOTO TOMNSIMHHO Mone.
3amecTBallaTta TOMMMHHA CXemMa W3MNon3Ba enekTpu4ecko-TepMUYHaA aHanorus 3a
TEOpeTUYHN U3CneaBaHns Bbpxy TOMNNMHHOTO HaToBapBaHe. PasrnenaH e agnabarteH
TonnuHeH npouec. EHeprmsata Ha nornbwaHe ot MOSA e nonydeHa u4pes
mMaTteMaTuyeckm mogen B nporpamarta Matlab.
AHanu3bT Ha pesynTtatuTe nokasea, 4e MOSA orpaHuyaBaT npeHanpexeHusTa ao
TAXHOTO HMBO Ha 3aWuTa M 3anasBaT eHeprmnHaTa cu yCToMYMBOCT. [1perpsBaHeTo
Ha B6riokoBeTe OT MeTarneH oKcua npy HopmanHa paboTa Ha enekTponpoBoga 20 kV e
okono 5 K, koeTo noka3ssa 6naronpmsTHM yCNnoBusi Ha TEPMUYHO HAaTOBapBaHe.
Heobxoanmn ca go 60-90 mumHyTK, 3a Aa ce nonyyn oxnaxgaHe Ha MOSA nopg
paboTHO HanpeXeHue 3a HaW-TEXKWSI Crnydam Ha TEPMUYHO HaToBapBaHe. AKO MO
BPEME Ha OXNTaXXdaHeTO MMa HOB yAap OT MbIIHMS e Ce Cry4Yn paspyLlaBaHeTO Ha
MOSA. Mpasunuuat nséop Ha MOSA cnopea eHeprMiHOTO HaToBapBaHe ocurypsisa
OnaronpuATHU TOMMIMHHKU ycnoBus. Han-Texknte TOMMAMHHN PEXUMMK ca C Han-marnka
BEPOSITHOCT, HO BEPOATHOCTTA OT pa3pyLlaBaHe € MHOro BMCOKa.

30



JokymeHnmu Ha doy. 0-p uHx3c. Mapepema lNapawkeeaHosa Bacuneea, MY-BapHa

Energy Capability of Metal-Oxide Surge Arresters in Electric Power Lines 20 kV

The energy capability has been connected with the thermal load in the moment, when
metal-oxyde surge arresters (MOSA) work. The operation of MOSA has been
investigated

under the influence of atmospheric excess voltages. An adiabatic thermal process has
been considered. The absorption energy from MOSA has been received by
mathematical model in Matlab. The paper presents research results about protective
operation and energy capability of metal-oxide surge arresters (MOSA) under
influences of different lighting strokes and thermal loading of MOSA.

The researched problems have been resolved by electrical- thermal analogy. The
received results are based on the substitute scheme with thermal capacitances,
thermal

strengthes and thermal fluxes. The differential equations have been resolved by the
method of the potential knots.

Investigation of the influence of the lightning current amplitude on the behavior of
MOSA and of the operation of MOSA under influence of the lightning stroke with two
consecutive discharges and induced overvoltages has been done.

The analysis of the results shows that MOSASs limit overvoltages up to their protection
level and retain energy sustainability. Developed models for studying the behavior of
MOVO in

the grid can be used for their choice, taking into account the configuration of the system
and its participating elements at different shape and duration of surges. They are also
used for the next research — thermal loading of MOSA. The models give the emitted
in MOSA energy needed to receive the heat field of MOSA.

Investigation of the thermal loading of the mosa at the operation mode has been done.
The thermal replace scheme used electrical-thermal analogy for theoretical research
over the heat loading. An adiabatic thermal process has been considered. The
absorption energy from MOSA has been received by mathematical model in program
Matlab.

The analysis of the results shows that MOSAS limit overvoltages up to their protection
level and retain energy sustainability. Metal oxide blocks overheating during normal
operation of the power line 20 kV is about 5 K, which indicates favorable thermal load
conditions.

It is necessary up to 60-90 minutes to receive cooling of MOSAs under rate voltage for
the most severe case of thermal loading. If there is another lightning stroke during the
cooling

process the destruction of MOSAs will happen The proper choice of MOSAs according
to energy loading ensures favorable thermal conditions. The most severe thermal
modes are with the least probability, but destruction probability is very high.
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8-11 [umwutposa, P; BacuneBa, M; I7Iop,u,aHOBa, M., BnusiHne Ha cTpyKTypaTta Ha
noysaTta Npu MPOEKTUpPaHe Ha 3a3eMUTESNTHU MpPEeXU B ABYCIIOMHaA NOYBeHa
cpepa. NognwHuk Ha TexHunyeckus yHmBepcuTeT BbB BapHa, HObunenHa HaydHa
MexagyHapogHa koHdepeHuus 50 roanHun kategpa ETET; TexHndeckn yHuBepcuTeT -
BapHa; bbnrapus; c. 85-88. 2013. ISSN 1311-896X

3asemMuTENHUTE YCTPONCTBA Ha eNnekTpudeckuTe ypeaodm ¢ HanpexeHue Hag 1000

V B Mpexu C e(peKTMBHO 3a3eMeHa HeyTpana ce U3nbfiHABaT B CbOTBETCTBUE C
n3nckBaHmsaTa 3a: 1. OonycTMMO CbMAPOTMBIIEHME WAW  OONYCTUMO  LOMUPHO
HanpeXeHue;

2. KOHCTPYKTMBHO M3NbIIHEHNE U OrpaHMYaBaHe Ha HaNPeXeHNEeTo Ha 3a3EMUTENHOTO
YCTPOWCTBO.

3a ga ce onpenenaT HOpMUPaHUTE CTOMHOCTU Ha AONYCTMMO OOMUPHO HanpexeHue
e pobpe pga ce wusnonssa crangapt |IEEE Std 80-2000 [2], KOWTO € OCHOBHO
PBbKOBOACTBO 3a MPOEKTMpAHE Ha 3a3eMUTENTHM WHCTanauum B ENeKTPUYEecKu
noacrtaHuuu. B HacTosiwaTta ctatvs ca npeacTaBeHn pesynTtaTu OT uacneaBaHe Ha
BNIUSIHMETO Ha OBYCMNOWHA CTPYKTypa Ha Mno4yBaTa BbpPXy MaKCUManHoTO AOMNUPHO
HanpexeHne 3a N3MNbJIHEHNE Ha YCNOBUETO 3a AOMYCTMMO OOMMPHO HanpexXeHue npu
NPoeKTUpaHe Ha 3a3eMUTENTHUN MPEXN.

OnpepeneHn ca CTOMHOCTUTE Ha SONYCTUMUTE OONUPHU N KPAYyHU HanpexeHus 3a
BpeMeHa Ha nskniodsaHe Ha nospegata B ypeaodu 110 kV n 400 kV.

Pesyntatute ca nonydeHn npu cnasBaHe Ha u3uckBaHusTa Ha Hapepnba Ne3 3a
YCTPOWCTBOTO Ha enekTpuyeckuTe ypeadu n eneKkTponpoBOAHUTE NIMHUM— Hanuive
Ha NoKpuTne oT Yakbl ¢ ps = 2000 Om n gebenunHa Ha nokputne hs ot 10 go 20 cm,
Terno 70 kg.

Mpn NpoekTnpaHe Ha 3a3eMUTENHM YCTPOMUCTBA 3a Ypeabu BUCOKO HanpexeHne
cbrnacHo |EEE Std 80- 2000, IEEE Guide for safety in AC Substation
Grounding, MakCMManHoOTO OOMNUPHO HamnpeXeHne B paMKUTE Ha 3asemMuTenHaTa
Mpexa

Em Ttpsabsa ga 6bae no-manko OT AONyCTUMOTO LOMMPHO HanpexeHune Etouch.
ABTOpUTE Ca pa3paboTunm oNpoCTEH METOA 3a OTYNTAHE Ha ABYCINOWHA CTPYKTypa Ha
noysaTa Ha 6asaTta Ha CTOMHOCTTa Ha MakCMManHOTO AOMUPHO HanpexeHue Em, c
npunaraHe Ha usyucnuTenHata npouenypa Ha ctaHgapta IEEE Std 80- 2000 w
OTYMTaHE Ha eKBMBANEHTHOTO cneunduyHO CbNPOTUBINEHNE Ha NoYBaTa.

3a onpepensiHe Ha BNUSAHMETO Ha CTPyKTypaTa Ha nodsaTa BbpXy MaKCMMAarHoOTO
AOMVPHO HampexeHve npwv ABYCNOWHA cpeda ca u3cnegBaHu criydau, KOUTo
obxsawaTt Hag 300 cuTyaumm Ha 3a3eMuUTeNHN Mpexun, 6e3 BepTUKanHu enekTpoau u
pasnuyHu CbOTHOLWEHNA mexay p1 n p2.

OT npoBegeHnTe n3cnenBaHnsa MmoraT Aa ce HanpaesT CnegHuTe U3BOAMW:

1. MakcMmanHoTo AOMMPHO HanpeXeHne He 3aBucu oT gebenvHaTta Ha ropHUS Criou
npu gbnbo4vnHa Ha nonaraHe h = 0,7 = const 3a cnyyauTe, korato p1>p2.

2. 3a ocTaHanuTe cnyyaum pesyntatuTe B Ta3u cTaTtusi NOTBbpAnxa HeobxoaumocTTa
Aa ce W3nonsBa OMNpPOCTEHUSI METOon 3a OTYMTaHe Ha [OBYCMOMHMA XapaKTep Ha
noyesaTa npu W3YMCNSABAHE Ha EKBMBANEHTHO cneunduyHo CbLNPOTUBMEHME 3a
HamansiBaHe Ha Trpewkarta npu onpegensiHe Ha W  MaKCMManHOTO [OMUPHO
HanpexeHne Em.
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Earthing grid design in the two soil structure

The grounding devices of electrical equipment with a voltage over 1000 V in networks
with an effectively grounded neutral are performed in accordance with the
requirements for: 1. permissible resistance or permissible contact voltage;

2. constructive execution and limitation of the voltage of the earthing device.

To determine the normalized values of allowable contact voltage it is good to use the
standard IEEE Std 80-2000 [2], which is a basic guide for the design of earthing
installations in electrical substations. The present article presents the results of a study
of the influence of a two-layer soil structure on the maximum contact voltage to fulfill
the condition for permissible contact voltage in the design of grounding networks.
The values of the permissible touch and leg voltages for fault tripping times in 110 kV
and 400 kV systems have been determined.

The results were obtained in compliance with the requirements of Ordinance No. 3 for
the device of electrical equipment and power lines — presence of gravel coating with
ps = 2000 Qm and coating thickness hs from 10 to 20 cm, weight 70 kg.

When designing grounding devices for high voltage equipment according to IEEE Std
80- 2000, IEEE Guide for safety in AC Substation Grounding, the maximum contact
voltage within the grounding network Em must be less than the permissible touch
voltage Etouch. The authors have developed a simplified method for considering a
two-layer soil structure based on the value of the maximum contact stress Em,
applying the calculation procedure of the IEEE Std 80-2000 standard and considering
the equivalent specific resistance of the soil.

In order to determine the influence of the soil structure on the maximum contact voltage
in a two-layer environment, cases covering over 300 situations of earthing networks,
without vertical electrodes and different ratios between p1 and p2, were studied.

The following conclusions can be drawn from the conducted research:

1. The maximum contact voltage does not depend on the thickness of the top layer at
laying depth h = 0.7 = const for cases where p1>p2.

2. For the remaining cases, the results in this paper confirmed the need to use the
simplified method to account for the two-layer nature of the soil when calculating the
equivalent specific resistance to reduce the error in determining and the maximum

contact voltage Em.
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[8-12 M. Vasileva and N. Velikova, “Model Study of Lightning Protection of 110/20
kV Substation,” in Proceedings, International Scientific Symposium, Electrical Power
Engineering 2014, 2014, vol. 1, pp. 158-160

MopenHo nscneaBsaHe Ha MbNHUe3alwWmTa Ha noactaHuma 110/20 kV

Enektpoo63aBexgaHeTo B €neKTpPUYEeCKUTE MNOACTaHUMM 3a CpPeaHO M BUCOKO

HanpexeHne, KOUTO ca CBbp3aHM KbM Bb3AyllHaATa Mpexa enekTponpoBoau, ca

3alWmMTeHN OT ydapu Ha MbIHUA 4Ype3 MeTanokcuaHu BeHTunHu oteoan (MOSA).

BuabT 1 MACTOTO Ha Bpb3KaTa Ha 3allUTHUTE CpPeAcTBa 3a MNpeHanpexeHus ca B

HenocpeacTBeHa Bpb3Ka C KoopavMHaumaTa Ha usonaumara Ha obopyaBaHe 1 TaxHaTa

ctabunHa pabora.

B ctatuaTta e npeacrtaBeH cumynauMoHeH Mogen Ha cunos TpaHcgopmaTop 110/20

KV, nogxoasiy 3a nacnegBaHe Ha BbSTHOBM MPOLIECH.

BxogHute gaHHM 3a mopena Ha cunosus TpaHcdopmaTtop B MATLAB SIMULINK

TpsibBa aa 6bae B OTHOCUTENHN eANHNLMN NO OTHOLLEHME HA HOMWHAIHUTE AaHHU Ha

obopyaBaHeto. TpsbBa p[ga ce BbBexgaT ClNegHUTE  AdaHHW:  aKTMBHOTO

cbnpoTuenenne R1 [o.e.] u R2 [o.e.] u camonHaykumnaTa Ha HamoTkuTe L1 [o.e.] n L2

[0.e.]; akTUBHOTO

cbnpotmBneHneTto Rm [o.e.] u cobctBeHata wuHAYKTMBHOCT Lm [o.e] B

MarHeTmsampalwunsa KrnoH Ha 3amectBawarta Bepura. CranHgapTHUMAT Onok  3a

MoJernMpaHe Ha CWUoBuS TpaHcopmMatop Cce W3nosid3Ba 3a uscrnegBaHe Ha

CcTaunoHapHuUTe pexumm Ha paboTa.

3a uacnensaHe Ha Bb/IHOBUTE MpOLIECUM € HeoBXoaUMO [a ce pasrnexga BANaGHNETO

Ha HaaNbXHUSA kKanaunteT KT n Ha HanpeyvHuTe kanauuTteTtn CT Ha 606mHnTe. CbhCcTaBs

ce MogenHa cxema Ha cunosusa TpaHchopmatop B SIMULINK, kossiTo moxe ga ce

N3non3ea npu n3crneaBaHe Ha BbIHOBUTE NPOLECH.

BAPVUAHTHW NMPOYYBAHUNA

1. N3cnegBaHe Ha Bb3OEWCTBMETO HA MbBIIHMM, Bb3HMKBALWLM B ENEKTPUYECKUTE
pasnpefenuTerniHi fIMHUN, BbPXY €NeKTPUYECKUTe CbOPBXKEHUS B MOACTaHUMS
110 kV 6e3 MOSA.

2. WNacnegBaHe Ha 3awmTHuA edekt Ha MOSA npu Bb3OEWCTBME HA MbITHUN,
Bb3HUKHANM B €NeKTponpoBoauTE, BbPXy €ENeKTPUYECKUTE CbOPBXEHUA B
nogcrtaHuusa 110 kV.

CrMynaumoHHMAT MOLEN Ha CUMOB TpaHchopMaTop, NpeacTaBeH B AOKNaga, MOXe

[a ce nU3nonasa 3a uscnensaHe Ha Bb/HOBU NMPOLIEeCU B eMNeKTPUYECKNTE NoACTaHUNN.,

PaspaboTeHnsaT mogen npeaocTaBs TOMHU AaHHW 3a U3crneaBaHe Ha 3alnTHNA ehekT

Ha MeTanooKCUOHUTE OrpaHNYNTENN Ha NpeHanpexeHue.
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Model Study of Lightning Protection of 110/20 kV Substation

The electrical equipment in the electrical substations for middle and high voltage,
which are connected to the overhead power lines, are protected of lightning strokes
through metaloxide surge arresters. The type and place of the connection of the
protective means for surges are in Bimmediate connection with the coordination of the
isolation of the

equipment and their stable work.

The input data for the model of the power transformer in MATLAB SIMULINK must be
in relative units in relation to the nominal data of the equipment. The following data
should

be entered: active resistance R1 [0.e.] and R2 [0.e.] and the selfinduction of the coils
L1 [o.e.] and L2 [0.e.]; the active resistance Rm [0.e.] and the self-inductance Lm [0.e.]
in the

magnetizing branch of the substitute circuit. The standard block for modeling of the
power transformer is being used for the research of the stationary modes of work.

By the examination of the wave processes is hecessary to be considered the influence
of the longitudinal KT and the transversal capacitances Ct of the coils. Therefore is
formed a model scheme of the power transformer in SIMULINK, which could be used
in the examination of the wave processes.

OPTION STUDIES

1. Investigation of the impact of lightning strikes occurring in electrical distribution lines
on electrical equipment in a 110 kV substation without MOSA.

2. Investigation of the protective effect of MOSA in the event of lightning strikes
occurring in power lines on electrical equipment in a 110 kV substation.

The simulation model of a power transformer, given in the report, can be used for a
research of wave processes in the electrical substations. The developed model
provides precise data for research of the protective effect of the metal-oxide surge

arresters.
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8-13 M. Vasileva and R. Dimitrova, “Using a measuring instrument Z - METER 1lI
for determining of the soil resistivity for dimensioning of the grounding
system of an electricity object,” in EUREKA 2014, 2nd Conference and
Working Session, Schedule Proceedings, 2014, vol. 1, pp. 82—-86

U3non3BaHe Ha uamepBaTteneH ypea Z - METER lll 3a onpegensiHe Ha
CbNPOTUBIIEHMETO Ha NoyYyBaTa 3a opa3MepsiBaHe Ha 3a3eMUTesIHaTa cuctema
Ha eNeKTPoooGeKT

B nuTtepaTypata HAMa KOHKPETHW OaHHW 3a CbMNPOTMBMEHMETO Ha nodsaTta npu
pasfvyHM YeCTOTU Ha erlekKTPOMarHMTHOTO nosie. Han-4ecto umMa gaHHM 3a YyectoTa
50Hz. CvnpoTuBneHneTo TpsibBa ga ce onpeneny B 3aBMCUMMOCT OT YecToTaTa Ha
TOKa, NMpoTU4Yaly B 3a3emMuTenHata cuctemMa u B 3emsTa, Tbil KaTo BRMsie BbpXY
CbNPOTUBMNEHNETO Ha 3a3eMsiBaHe Ha enekTpuyeckuTe obekTu.

Mpn yaap Ha MbHWUS BbpXy 3a3emMeH 06eKkT npoTuda MMMySiceH TOK U ce pa3BuBaT
BMCOKOYECTOTHM npouecu. [Mopagn ToBa TpsibBa pJa ce onpegenn TOYHO
CbMPOTUBNEHNETO Ha NoYBaTa 3a CbOTBETHATA YeCToTa, 3a Aa ce Cb3fage nNpaBuseH
MoJes Ha 3asemuTenHarta cMctemMa 3a uscrieBaHe Ha Bb/IHOBW NpoLEecu.
O6eMHOTO CbLMPOTUBNEHNE M MOBBPXHOCTHOTO cbnpotmerneHne (Rv m Rs) ca
XapaKTepUCTMKM Ha KOHKpeTHaTa enekTpon3osiaumoHHa KOHCTPYKUNS — Te 3aBUCAT OT
reomeTpuaTa Ha enekTpoguTe W u3onatopa WU OT matepuana M YCroBmata Ha
oKonHata cpefa — TemnepaTtypa, BNaXHOCT WM Ap. 3a XapakrtepusmpaHe Ha
BELLECTBOTO (B TO3M Criyyan 3emsTa) No OTHOLIEHME Ha HeroBaTa ernekTpudecka
NPOBOAMMOCT Ce BbBexaaT BeNUYUHU crneumdunyHo o6emMHO CbMpOTUBIEHNE PV U
NOBBPXHOCTHO CbMPOTUBIIEHNE PS.

C ypepa Z - meter lll morat ga ce namepBaTt CTOMHOCTU Ha akTUBHATA W peakTuBHaTa
CcbCTaBka Ha umnedaHca Z Ha noysaTa. Morat ga ce npaBAT n3amepBaHus 3a YeCTOTH
oT 2 kHz po 20 kHz. B pasnuyHute mogudukaumMm Ha YCTPONUCTBOTO YECTOTHUAT
AnanasoH € pasrimyeH.

3a u3dncnsieaHe Ha PV Cce B3emaT npeaBu TOKOBeETe, nNpoTudawm B obema Ha
rnoysaTa camMO Mexay [BaTa enekTpoda, Koeto MOXe [a AoBede OO M3BEeCTHa
HEeTOYHOCT Ha pesynTtatute. OT nNpeacTaBeHUTE Ha Urypute pesyntatm ce Buxaa,
Yye C yBenuMyaBaHe Ha YecToTaTa CTOMHOCTTA Ha CbMPOTUBIIEHMETO Ha no4saTa
HamansBa. CTOMHOCTUTE BapupaT B LUMPOK AnanasoH 3a pasfimyHu 4bnbo4mHn 1 npu
ABeTe YeCTOTU Ha U3MepBaHe.

Pesyntatute nokasBaT HeobOXxoguMMOCTTa OT MpPeuusHo onpegensHe Ha
CbNPOTUBNEHNETO Ha NnowagkaTa 3a usrpaxgaHe Ha enekTpoeHeprunHn oBekTw.
Taka onpefeneHoTo CbNPOTUBIIEHNE e JOoNpUHECe 3a No-NpeLmsHO opasmMepsiBaHe
Ha 3asemuTenHarta cuctema Ha obekTa U e ce 13nonsBa 3a Cb3gaBaHe Ha MNO-TOYHU
CUMYynauMoHHM MOAENN 3a U3crneaBaHe Ha BbHOBM MPOLECH.
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Using a measuring instrument Z - METER Il for determining of the soil
resistivity for dimensioning of the grounding system of an electricity object

In the literature there are no specific data on the resistivity of the soil at various
frequencies of the electromagnetic field. There are data for frequency of 50Hz the most
frequent. The resistivity must be determined depending on the frequency of the current
flowing in the grounding system and in the ground because affects on the grounding
resistance of the electricity objects.

When lightning strikes to a grounded object pulse current flows and highfrequency
processes are developed. Therefor the resistivity of the soil should be accurately
determined for the respective frequency for to establish a correct model of the
grounding system for the study of wave processes.

The volume resistance and surface resistance (Rv and Rs) are characteristics of the
specific electric insulation construction — they depend on the geometry of the
electrodes and insulator and of the material and environmental conditions -
temperature, humidity, etc. For characterization of the substance (in this case ground)

with respect to its electrical conductivity is introduced magnitudes specific volume

resistivity pv and surface resistivity ps.

With the device Z - meter 1l can be measured values of active and reactive component
of the impedance Z of the soil. Measurements can be made for frequencies from 2 kHz

to 20 kHz. In various modifications of the device the frequency range is different.

For the calculation of pv are considered the currents flowing in the volume of the soil

only between the two electrodes, which could lead to certain inaccuracy of the
esults. From the results presented in the figures it is seen that with increase of the
frequency, the value of the resistivity of the soil decreased. Values vary a wide range
for different depths in both measuring frequencies.

The results show the need for a precise determination of the resistivity of the site for
building of electricity objects. The resistivity determined in this way will contribute to a
more precise dimensioning of the grounding system of the site and will be used to

establish of more accurate simulation models for the study of wave processes.
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8-14 M. Vasileva, N. Velikova, Y. lvanov, and D. Stanchev, “Limiting of lightning
overvoltages in the electrical Substations 110 kV,” in ICEST 2015 - L International
Scientific Conference on Information, Communication and Energy Systems and
Technologies. Proceedings of Papers, 2015, vol. 1, pp. 296-299

OrpaHuyaBaHe Ha MbrHMeBM npeHanpexeHus B NC 110 kV
BeHTunHm otBogm (MOSA) ce MOHTUpPAT Ha BXOZa Ha BCEKW eNeKTPOrnpoBOoA, Ha BCAKa
LWMHHA cucTema Ha NC, KakTo 1 npen cunosuTe TpaHcdopMaTopu OT CTpaHaTa Ha
3axpaHBaHeTo. Cbllo Taka e Heobxoammo ga ce msbepe MSACTOTO 3a MOHTaX Ha
orpaHuynTENnTE 3a NPeHanpexeHne, 3a aa ce HanpaBaT JOMbIIHUTENHN U3YUCTIEHUS,
CBBbP3aHu ¢ n3bopa nm.
Llenta Ha goknaga e ga npegcraBu pesyntaTtute OT MOAENHOTO M3cneaBaHe Ha
yAapa Ha MbJlHUS BbpXY Bb3AYyLUHA JIMHUA U Bb3OEeNCTBMETO My BbpXy 06opyaBaHeTo
Ha pasnpegenutenHa ypegba Ha noactaHumsa 110 kV u 3awmTHOTO AencTBME Ha
MOSA.
B cuctemata MATLAB e cb3gageH cMmynaunmoHeH MOAeS Ha enekTpuyecka cucrtema
C LWECT Bb3AYyLHM NPUCHEONHEHUS, KONTO N3MOM3Ba peasnHn AaHHW Ha NOoACTaHUUS
110 kV. Upes mogena ce pasrnexga BNUSHUETO Ha MbIIHUEBUTE MNpeHanpexeHns
BbpXy enekTpudeckoto obopyaBaHe B NoAcTaHuusTa. Pasrnexgar ce crnyvyauvte,
Korato aTMOCEepHUTE NpeHanpeXXeHns HaBnM3aT B NoAcTaHUMATa Npes Han-abnrus
eneKkTponpoBo Npu HopMarHa ekcnnoartauus, korato ca 3awmuteHn ¢ MOSA 1 cbluma
cnyyan, Ho 6e3 3awmnTHO obopyaBaHe. Pasrnexna ce crnydyam Ha aBapunHa paboTta
Ha NOACTaHUMATA, NMPU KOATO Ca U3KITHYEHU TPU HENHN eNekTponpoBoaa.
Pasrnexpga ce noacTaHumMs C LWWECT Bb3QyLHM nNpucbeanHeHuns. MNogcraHuusaTa € ¢
eHOCEeKLMOHHA LWWNMHHA cucTtema v pasnosnara ¢ gBa cunosu TpaHcgopmaTopa 110/20
kV ¢ mowHocTt 25 MVA. 3awuTtata Ha CbOpbXEHUATA Ce OCbLieCTBsIBa OT ABa
komnnekta MOSA, konTo ce 3akpensaTt KbM LUMHHATa CUCTEMA.
Cb3pageHa e TpudgasHa mogenHa cxema Ha noactaHums 110 kV B nporpamarta
MATLAB, B koaTo ob6opyaBaHeTO e npeacrtaBeHO KaTo KOHAEH3aTopu CbC
cneunduyeH KanauuTeT, a €efeKkTponpoBOAUTE M LIMHUTE Ha MOACTaHUMsTa ca
MOoOEenNupaHn 4pes3 eKkBMBaneHTHa enekTpuyecka cxema Ha NMHUS ¢ pasnpeneneHu
napamMmeTpu.
lMpoyyBaHe Ha Bb3AEWCTBMETO Ha MbIHUSA, Bb3HWKHANAa B €NeKTponpoBOAu, BbpXy
enekTpmnyeckoto obopyasaHe B nogctaHums 110 kV 6e3 MOSA n nscnegsaHe Ha
3awmnTHmsa edekt Ha MOSA npu Bb3OEWCTBME HA MbJIHUS, Bb3HMKHaANa B
€eneKTponpoBOAN, BBbPXY enekTpuyeckoto obopyaBaHe B nogctaHumsa 110. kV ¢
MOSA ca npoy4BaHuTe criy4au.
Mpn paboTa Ha nogcTaHumMATa C LWECT NPUCHEANHEHUS NOSNTYYEHUTE NPEHaNPEXeHNs
Ha CbOPBXEHUATA ca NoA U30NaUMOHHOTO UM HUBO.
Puck ot noBpega Ha obopyaBaHeTO B noacTaHuusiTa nNpu Bb3AENCTBME Ha
aTMocdepeHn npeHanpexeHne e Hanuue B crydamTe Ha no-manbk 6pon
NPUCHEANHABAHNSA, CBbpP3aHN KbM LUMHHATa cuctemMa.
MpencrtaBeHNAT B AOKNaga CUMYauMOHEH MOEN Ha eNnekTpuyeckaTa cuctemMa Moxe
Aa ce 13nosn3Ba 3a uacneaBaHe Ha BbIHOBM MPOLECU B eNeKTPUYeCKN NoACTaHLUUN.
PaspaboTeHnaT mogen Ha u3crnedBaHe Ha 3alMUTHUS edekT Ha MeTanoOoKCUAHW
OTBOAUTENN B erieKTpuyecka NoACTaHUMS MOXe [da Cce M3Mon3Ba 3a Mo-rnpeumseH
n3bop, Kato ce B3emMe MpeaBug KoHurypauusta Ha cxemata W yyacTBawumTte
eneMeHTn BbpXy epekTa Ha aTMOCKEPHOTO NpeHanpexeHune.
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Limiting of lightning overvoltages in the electrical Substations 110 kV

Surge arresters are placed at the inlet of each power line; each bus system of PS, as
well as in front of the power transformers on the supply side. It is also necessary to
choose the place of mounting of the surge arresters to make additional calculations
related to their selection.

The aim of the report is to present the results of the model study of lightning stroke on
overhead line and its impact on the equipment of a 110 kV substation switchgear and
the protective action of MOSA.

In the MATLAB system a simulation model is created of an electric system with six air
accessions, which uses real data of substation 110 kV. Through the model is being
reviewed the influence of lightning overvoltages on the electrical equipment in the
substation. The cases are considered when atmospheric surges enter the substation
through the longest power line in normal operation when protected with MOSA and the
same case, but without protection equipment. A case of emergency operation of the
substation is considered, in which three of its power lines are dropped out.

A substation is being viewed with six air accessions. The substation is whit a single
section bus system and has two 110/20 kV power transformers with power 25 MVA.
The protection of the facilities is carried out by two metal oxide surge arresters, which
are being attached to the bus system.

Established three-phase model scheme of 110 kV substation in the program MATLAB,
in which the equipment is being presented as capacitors with a specific capacitance
[3], and power lines and substation buses are modelled by equivalent electrical circuit
of line with distributed parameters.

Study on impact of a lightning stroke arising in power lines, on the electrical equipment
in the substation 110 kV without MOSA and study on the protective effect of MOSA in
case of impact of lightning stroke arising in power lines on the electrical equipment in
the substation 110 kV with MOSA are the study cases.

In operation of the substation with six accessions the received surges on the facilities
are under their insulation level.

Risk of damage to the equipment in the substation on impact of an atmospheric surge
is present in the cases of a smaller number of accessions connected to the bus bar
system.

The simulation model of the electric system, presented in the report can be used to
study wave processes in electrical substations.

The developed model of the study on the protective effect of metal oxide surge
arresters in electrical substation can be used for a more precise choice, taking into
account the configuration of the scheme and the participating elements on the effect
of the atmospheric overvoltage.
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8-15 R. Dimitrova, M. Vasileva, M. Yordanova, “Experimental Investigation of the
Electrical Parameters of the Soil for the Purpose of the Grounding System
Design,” in ICEST 2015 - L International Scientific Conference on Information,
Communication and Energy Systems and Technologies. Proceedings of Papers,
2015, vol. 1, pp. 288-291

EKCHepVIMEHTaﬂHO na3crieaBaHe Ha efnieKTpuieCkKkuTte napameTpu Ha no4yBaTta 3a
uennte Ha NPpoeKTupaHeTo Ha 3a3eMuUTeNIHaTa cuctema

Mpu OupeKTeH yaap Ha MbiHUS BbpXYy 00EKT Npes 3aseMsBalunTe enieMeHTy npoTmya
MUMMYJNCEH TOK M B NOYBEHAaTa 30Ha OKOJS10 TSX Ce pa3BMBaAT BUCOKOHECTOTHU NPOLECH.
OT Tes3u npouecu 3aBuUcK cneunduyHOTo 06eMHO CbNPOTUBNEHNE U OTHOCUTENHATa
AvenekTpuyHa npoHuMuaemMocT Ha noudsaTta. [lpeunsHoTo onpegensHe Ha
ernekTpPU4eCcKUTE XapakTepuCTUKM Ha NoYBaTa pv U &r e Heob6xoaMMo 3a Cb3aBaHe Ha
TOYEH MoJen Ha 3a3eMuUTeNHaTa cuctema 3a uscneaBaHe Ha BbiHOBUTE npouecu. B
pasgen |l e onucaHo ekcnepumeHTanHoTto obopyaBaHe W ca  [afeHu
MatemaTuyeckuTe ypaBHeHUst 3a obpaboTka Ha paHHuTe. B pasgen Il ca
npeacTaBeHN eKcnepuMeHTanHuTe pesyntatm u aHanuaute. 3aknountenHute
oenexku ca gagenu B Pasgen V.

Baetn ca npobu oT noyBaTa OT panoHa, KbAETO LWe Obae uarpageH TpadonocrT.
MpobuTe ca B3eTn oT Abn6o4nHa 0,4 m 1 0,8 m, KakTo 1 OT NOBBbPXHOCTTA Ha No4vBaTa.
M3mepeHn ca CTOMHOCTUTE Ha cCcneuynduyHoTo O0OEMHO CbNPOTUBMEHME U
AVeneKkTpnyHaTa MPOHMLIAEMOCT 3a BMaXXHU U CyXW MOYBKU, KAKTO M 3a POXKaBU W
npecoBaHn NOYBW.

N3mepBaHuaTa Ha enektpudecknte xapakrepuctukn R, C, CO 3a Bcska oT npobute ¢
pasnnYHO CbAabpXXaHWe Ha Bnara ce wmsBbpwBaT ¢ ypena Precision Impedance
Analyzers 6500B Series. AHanM3aTopbT MOXe Aa U3MepBa AUPEKTHO CTOMHOCTUTE Ha
cbnpoTuBneHneto. KanaunteTsT Ha npobute n cnep toBa cneunguyHoTo 06emMHo
CbMPOTUBMIEHNE PV M OTHOCUTENHaTa AMeNekTpMYyHa MNPOHMLAEeMOCT €r moraTt Ada
6bOaT U34MUCIEHN C NOMOLLTa Ha POPMYnN.

[MonyyeHnTe OT wu3MepBaHuATa pesynTtatm ce obpaborBaT OT KOMMTbpHATA
nporpama Grafer. ToBa e MmarematMyecka nporpama 3a ob6paboTka Ha
eKcrnepuMeHTanHn pesynraTtu.

M3BbplueHn ca uamepBaHus 3a U3credBaHe Ha 3aBUCMMOCTTA Ha cneunduvyHoOTO
00eMHO CbNpoTUBIEHME W [OMeneKkTpuyHata nMpoHMLAeMOoCT OT YyectoTata B
AnanasoHa 1 kHz go 1000 kHz npwu pasnuyHa BNaXHOCT M NbTHOCT Ha npobuTe.
[OVenekTpuyHMAT MeTo 3a M3MepBaAHE Ha eNekTPUYECcKUTEe XapaKTEpPUCTUKM Ha
noysaTta M MNOSyYEHUTE EKCNepUMEHTanHN pe3yntaTtu, KOUTO ca NOTBbPAEHU U B
ApYru nscrneaBaHnd, aBaT OCHOBaHWE fa ce NpogbiikaT uscnensaHusaTa u 3a apyru
npobu — MHOroCNoMHM NoYBK. [oNyYEeHNAT MaTemMaTnyeckn n3pas Ha 3aBUCUMOCTTa
Ha cneunduyHOTO 06EMHO CHNPOTUBNEHME OT YecToTaTa MOXe Aa ce U3nos3ea npu
N34YNCNsABAHETO Ha CbLMNPOTUBIIEHMETO Ha 3asemMuTenHaTa cuctemMa 3a KOHKpeTHa
CTOMHOCT Ha YecTtoTaTa. [MonydyeHnTe maTteMaTtMyeckn u3pasm Ha 3aBUCUMMOCTTA Ha
AVeneKkTpnyHaTa NpoHMLAeMoCT OT YecToTaTa morat ga 6baat uanonssa ce npu
n3dyncnsiBaHe Ha KanauuTeTa Ha 3a3eMmuTenHarta cucTema, Koeto € Heobxoanmo 3a
Cb3jaBaHe Ha MoJerfiHa CXemMa Ha MHCTanaumdata 3a u3crnefBaHe Ha BbfIHOBUTE
npouecu B Heq.
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Experimental Investigation of the Electrical Parameters of the Soil for the
Purpose of the Grounding System Design

A direct lightning stroke over an object leads an impulse current to flow through the
grounding elements and high frequency processes develop in the soil area around
them. The specific volume resistivity and the relative dielectric permittivity of the soil
depend on those processes. The precise determination of the electrical characteristics
of the soil pv and ¢r is necessary to establish a correct model of the grounding system
for the study of the wave processes. In Section Il the experiment equipment is
described and the mathematical equations for data processing are given. In Section
lll, the experimental results and the analyses are presented. The concluding remarks
are given in Section IV. Samples of the soil from the area where an electrical power
substation will be constructed have been taken. The samples were taken from depths
0.4 m and 0.8 m, as well as from the soil surface. The values of the specific volume
resistivity and the dielectric permittivity have been measured for wet and dry soils, as
well as for the loose and the pressed soils.

The measurements of the electrical characteristics R, C, CO for each of the samples,
having different moisture contents, aremade with the device Precision Impedance
Analyzers 6500B Series. The analyzer can measure directly the values of the
resistance The obtained from measurements results are processed by the computer
program Graferand the capacitance of the samples and after that the specific volume
resistivity pv and the relative dielectric permittivity er can be calculated using formulas.
This is a mathematical program for processing of the experimental results.
Measurements for investigation of the dependence of the specific volume resistivity
and the dielectric permittivity from the frequency in the range 1 kHz to 1000 kHz at
different humidity and density of the samples were made.

The dielectric method for measuring the electrical characteristics of the soil and the
received experimental results, which are confirmed in other studies, give reason to
continue the investigation for other samples - multilayer soils. The resultant
mathematical expression of the dependence of the specific volume resistivity from the
frequency can be used in the calculation of the resistance of the grounding system for
a specific frequency value.The resulting mathematical expressions of the dependence
of the dielectric permittivity from the frequency can be used in calculating the
capacitance of the grounding system, which is necessary to create a model scheme
of the installation for the study of the wave processes in it.
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MopenHa cxema Ha 3a3eMuTenHaTa cMctemMa Ha eNIeKTpuieCkm noaCctaHUumnm 3a
n3crieaBaHe Ha BbJIHOBU npoLlecu

M3rpaxxgaHeTo Ha 3as3emMuTeniHa CUCTeEMa B EMEKTPOTEXHUYECKUTE 00ekTn e
3a4b/DKUTENHO 3a OcuUrypsiBaHe Ha HopmanHata pabota Ha obopygBaHeTo u
Oe3onacHoCcTTa Ha nepcoHana Ha TepuTopusitTa Ha obektute. 3asemuTtenHarta
CUCTEMA CbLWO € BaXeH eneMeHT OT MblflHMe3awuTaTa Ha enekTpuyeckarta
nogcraHuus. MMnyncHu TokoBe NpoTuyaT npes 3aseMuTenHaTa cMctemMa B criydam Ha
AVPEKTEH yaap Ha MbIHMSA. ToBa onpeaens pasnuyeH Nnogxon npyv MoaenupaHeTo u
n3crnegBaHeTo Ha npouecute B Hero. [MpakTUYecKMaT MHTEPEeC € HacCOYeH KbM
onpegensiHe Ha MNOTEHUManuMTe B 30HAaTa Ha 3a3eMuUTeNnHaTa CUCTeMa, KakTo W
Bb3MOXHUTE OOMNUPHU U KPAYHU HaNpeXeHus.

BbnHoBuTE npouecM B 3emATa NpyM NpPOTUYAHE Ha MMMYMCHM TOKOBE Mpes3
3a3eMUTENHN CUCTEMU C pPasnUYHM KOHUrypaumm (XOpwu3OoHTanHW, BepTUKamHwu,
peweTbYyHM, KOMOUHUPAHM K Ap.) ca n3cnensaHn B MHOMO NUTEPATYPHN U3TOYHULIN.
3a NpaKTUYeCKN MHXEHEPHU n3cnenBaHus € UHTEPECHO Aa ce NPOoyyYn Bb3MOXHOCTTA
3a TAXHOTO MoaenupaHe B copTyepHa cpena kato Matlab, Matlab Simulink.

Llenta Ha HacToswWwarta ctatus e fa ce Cb3gagde CuMMynauuoHeH Mogen Ha
3aszemMuTenHa pewetka ¢ n 6e3 BepTUKanHM 3asemMuTenn 3a onpegensiHe Ha
MaKkCUMasnHuTe Bb3MOXHM MOTEHLUManM B 30HaTa Ha Mpexara npu AMpekTeH yaap Ha
MbJITHUS.

Ha 6as3aTta Ha 3amecTtBawia cxema e cb3gageH mogaen B MATLAB SIMULINK 3a
XOPU3OHTanNHa 3a3eMuUTENHa pelleTka ¢ AbimkvHa 1m. [peanoxeHusat moayn e
OCHOBa 3a Cb3gaBaHe Ha MoAen Ha 3a3eMuTenHa CUCTeEMa Ha enekTpuvecka
noacTaHuus ¢ pasmep Ha nnowagkata 30x30m n pasmep Ha knetkata - 10m.
PasrnexgaTt ce Tpu cny4ada Ha yaap OT MbJlHUSA B 3aBUCUMOCT OT MSACTOTO Ha yaapa.
lMoTeHunannTe B brMOBUTE TOYKN HA 3a3eMUTENS Ce ONPeAEnsaT 3a Tpu crnyyas Ha
MbAHWEB yaap npu: 1. Xopu3oOHTanHa peweTtka 6e3 BepTuKanHu 3asemuTenu; 2.
XOPU3OHTaNHa pelleTka C YeTUpu BeEpPTUKANHU 3aseMutens B brnute; 3.
XOpU30OHTanHa peweTka ¢ 12 BepTUKanHM 3as3eMuUTENHU NMpbTa, PasnofioXeHU Mo
LuenMsa NnepuMeTbp Ha Mpexara.

MogenHaTta cxema Ha 3asemuTenHaTta ypenba e nogxogswa 3a uacnenBaHe Ha
npouecuTe B Hed M B no4vBata Npu Npsk ygap Ha MbIHUMS B rPbMOOTBOAUTE Ha
enekTpuyeckaTta noactaHums. Cxemata MoXe Aa ce u3nonsea 3a uacneaBaHe Ha
HagexgHata u 6GesonacHa pabota Ha obopyaBaHETO WM 3a M3cnedBaHe Ha
enekTpobesonacHocTTa Ha nepcoHana. /3anon3saHeTo Ha BEpTUKANHN 3a3eMUTENHN
NnPbTM BbB BbL3INUTE Ha 3aseMuTeNnHata peweTka 3Ha4yuTenHoO Hamansiea
noTeHunanuTe — HamaneHueTo e OO0 AeceTkum nbTu. VIHTepec 3a npakTukata ca
Bb3MOXHUTE MaKCUMariHn HanpeXxeHns Ha gonup, KOUTO Ce NOoSBABAT B LEHTbpa Ha
brnoBata knetka. B MomeHTa aBTopuTe paboTAT BbpXy MoenHa cxema 3a
nony4yaBaHe Ha Te3n HanpeXeHusl.
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Model Scheme of the Earthing System of Electrical Power Substations for
Wave Processes Study

The construction of earthing system in electrical power engineering objects is
obligatory to ensure the normal operation of the equipment and the safety of the staff
on the territory of the objects. The earthing system is also an important element of the
lightning protection of the electrical power substation. Pulse currents flow through the
earthing system in case of direct lightning stroke. This defines a different approach in
the modeling and study of the processes in it. The practical interest is aimed at
determining the potentials in the area of the earthing system as well as the possible
touch and foot voltages.

Wave processes in the earth at flowing of pulse currents through earthing systems
with different configurations (horizontal, vertical, grid-type, combined, etc.) have been
studied in many literature sources. For practical engineering researches it is interesting
to investigate the possibility for their modeling in software environment such as Matlab,
Matlab Simulink.

The purpose of the present paper is to create a simulation model of an earthing grid
with and without vertical earthing rods for defining the maximum possible potentials in
the area of the grid at direct lighting stroke.

On the basis of the replacement scheme a model in MATLAB SIMULINK is created
for horizontal earthing grid with length 1m. The proposed module is a base for creation
of an earthing system model of an electrical power substation with size of the site
30x30m and the cell size - 10m.

Three cases of lightning stroke are considered depending on the place of the stroke.
The potentials in the corner points of the earthing system are defined for the three
cases of lighting stroke for: 1. horizontal grid without vertical earthing rods; 2.
horizontal grid with four vertical earthing rods in the corners; 3. horizontal grid with 12
vertical earthing rods placed on the whole grid perimeter.

The model scheme of the earthing system is suitable for study of the processes in it
and in the solil at direct lightning stroke in the lightning rods of the electrical power
substation. The scheme could be used for study of the reliable and safe work of the
equipmentand for investigation of the electrical safety of the staff. The usage of vertical
earthing rods in nodes of the earthing grid significantly decreases the potentials - the
reduction is up to tens of times. Interest for the practice is the possible maximum touch
voltages that appear at the center of the corner cell. The authors are currently working
on a model scheme forobtaining these voltages.
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MoaenHo uscneaBaHe Ha 3awWmMTaTa OT NocTbNBalM aTMOCcepHHU
npeHanpexeHnsa B noactaHumsa 110kV

3a cumyrnvpaHe Ha npouecuTe B enekTpudecknTe nogCcTaHumm, KOUTO Bb3HUKBAT MOA
Bb3JENCTBMETO HA aTMOCHEPHM NpeHanpexeHnd, e HeobxoaMmo fa ce cb3gagar
cumynaumoHHu mogenun Ha nogctaHuusa 110 KV, BKMYMTENHO Ha 3a3emMuTenHata
Mpexa. B crtatusata e wu3cnegBaHo BAWAHMETO Ha  CbMNPOTUBMEHMETO Ha
3asemuTenHarta cuctemMa Ha enektpuyeckata nogctaHuma (MNC) upes nsnonssaHe Ha
CUMynaumMoHHM Mogenn Ha gaBe peanHm noactaHumm 110 kV. Pabortata Ha
WHCTanMpaHUTe Ha TepuTopmdaTa Ha NoACTaHUUATa MEeTanoKCUaHN BEHTUNHM OTBOAM
(MOSA) ce uscnegsa B ABa cnyyas - korato MOSA ca 3a3eMeHu 4pe3 HyneBo
CbMPOTMBIIEHME M KOraToO Ce OTYMTa CbMPOTUBIIEHNETO Ha 3a3eMuUTeNnHaTa 3alnTHa
Mpexa Rg Ha nogctaHuuaTa (1.e. MOSA ca 3azemeHu npes Rgi).

Llenta Ha cTaTusiTa € Aa ce OLUEeHM 3HAaYeHMETO Ha M3MOS3BaHETO Ha peaneH Moaen
Ha 3a3emMuTenHaTa cuctema npu n3cnenBaHe Ha Bb3HMKBAHETO M OrpaHMyYaBaHeTo Ha
aTMocdepHUTE NpeHanpeXxeHus:.

CumynaumoHHUTe Mogenn Ha MOACTaHuMsTa U 3a3eMuTenHaTa cuctema ca
cb3gageHu B nporpamata Matlab Simulink.

Pasrnexpga ce TlC c¢ Tpu BBb3QywHM enektponpoBoda. [loactaHumaATa € c
eHOCEeKLMOHHA LWMHHA cucTeMa 1 pasnonara ¢ asa cunosu TpaHccopmatopa (CT)
110/20 kV ¢ mowHocT 25 MVA. MbnHusiTa ce mogenupa Kato M3TOYHMK Ha TOK C
ronemnHa 80kA n copma 1/10 ps. NscnegBaHeTo e HanpaBeHO Npu ydap Ha
MbfHUATA B €4Ha OT hasuTe Ha eguH OT enektponpoBoauTe. KoHTponupaHu ca
HanpexeHudaTa Ha nsxoaute Ha MOSA, MOHTUpPaHW B noacTaHuuaTa. MIamepenu ca u
HanpexeHnsTa Ha CUNoBUTE TpaHcdopMaTopu.

MOSA n cunoBute TpaHcOpMaTopu B CUMYSALMOHHUA MOAEST ca CBbP3aHU KbM
peanHusa Mogen Ha 3a3emuTenHaTa cuctema. 3aseMmTenHaTa cuctemMa € U3nbiiHeHa
KaTo Xopu3oHTarnHa peweTka ¢ paamepun 30x30 m 1 ¢ YeTUpuK BEpTUKAIHM eNekTpoaa
B brnute.

B cnyyan, 4e o6opygBaHeTO € CBbp3aHO KbM 3as3eMuTeniHata CuUcTema,
HanpexeHundaTa B TodkaTa Ha namepsaHe ot M1 o M4 ce nosuwasaTt. KosikoTo no-
ronsiMoO € CbMPOTMBIIEHMETO Ha 3a3eMuTenHaTa cucTema, TONKOBa MO-rofisiMo €
3aWmMTHOTO HMBO Ha MOSA.

CTOMHOCTUTE Ha MaKCUMarHWUTE HanpeXeHus Ha Aonup 3a bIMoBUTE KMNETKU Ha
3asemuTenHaTa peweTtka npu MOoCTbMBaHE Ha MMMNYACHU nNpeHanpexXeHus oT
Bb34YLUHUSA eNeKTPOnpoBOA ca okKosio 50 MbTU NO-HUCKM OT Te3u, KoraTo MbiHUATa
nonagHe AMPEKTHO B TOYKaTa Ha 3aseMmUTenHaTa cuctema.

M3non3BaHeTo Ha peaneH Mogen Ha 3asemuTenHata cuctema npu uscrnegBaHe Ha
3awmTaTa OT NOCThNBALLM UMMYSICHU NpeHanpexeHus B nogctaHummn 110 kV Boaun oo
no-npeumnsHa oueHKa Ha Bb3geucTBalumMte BbpXy o06opyaBaHeTOo atmocdepHu
npeHanpexeHus:.
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Model Research of the Protection against Arriving Atmospheric Surges in the
Substation 110kV

To simulate the processes in electrical substations that arise under the influence of
atmospheric surge it is necessary to create simulation models of 110 kV substation
including the grounding grid. The subversive effects on it in results of the surges can
be investigated by the simulation models.

In the paper the influence of the grounding system’s resistance of the power substation
is investigated by using simulation models of two real substations 110 kV. The installed
on the territory of the substation metal-oxide surge arresters (MOSA) operation is
investigated at two cases: when MOSA are grounded through zero resistance and
when the resistance of the grounding protection grid Rg of the substation is taking into
account (i.e. MOSA are grounded trough Rgi).

The aim of the paper is to evaluate the importance of using real model of the grounding
system in the research of arising and limitation of the atmospheric overvoltages.

The simulation models of the substation and the grounding system are created in the
program Matlab Simulink.

A substation is being viewed with three overhead power lines. The substation is whit
a single section bus system and has two 110/20 kV power transformers (PT) with
power 25 MVA. The lightning is modeled as a current source with magnitude of 80kA
and shape 1/10 ps. It strikes one of the phases of one power lines.The voltages on the
outputs of the metal oxide surge arresters, installed in the substation, have been
controlled. The voltages of the power transformers have been measured too.

The metal oxide surge arresters and the power transformers in the simulation model
are connected to the real model of the grounding system. The grounding system is
realized as a horizontal grid with sizes 30x30 m and with four vertical electrodes in the
corners.

In the case when the equipment is connected to the grounding system the voltages in
the measuring point M1 to M4 increase increase. The bigger is the resistance of
grounding system the bigger is the protective level of MOSA.

The values of the maximum touch voltages for the corner cells of the grounding grid
when the impulse surges arrive by the overhead power line are about 50 times lower
than those when the lightning strikes directly in the point of the grounding system.
Use of real model of the grounding system in study of the protection against arriving
impulse surges in substations 110 kV leads to more precise evaluation of the impacting
over the equipment atmospheric overvoltages.
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PGFpECMOHeH aHaJrin3 Ha eKcCnepuMmeHTasrlHn AaHHU 3a eNeKTpn4eckKkuTte
napameTpu Ha no4vyBaTta B 3aBUCUMOCT OT BJTIaXXHOCTTa U YecToTaTa

[OKyMeHTBbT npeacTaBss pesyntatm OT HennaHupaH @akTopeH aHanuM3 Ha
eKCnepuMeHTanHn u3cnenBaHnsi, OTHOCHO ENIEKTPUYECKUTE XapaKTEPUCTUKM Ha
noysuTe

C pasfnMyHa BAaXXHOCT, onpeaeneHa npu pasnuyHu 4ecToTu, NPoOBEAEHO OT aBTOpUTE.
Mporpama, paspaboTeHa B TexHUYeckn yHuBepcuTeT — BapHa e m3nonseaHa 3a
obpaboTka Ha ekcnepuMeHTanHUTE AaHHN — PErPECUOHEH aHann3 ¢ ABe NPOMEHIIMBM.
N3BeoeHn ca ypaBHEHMsI 3a onpegensiHe Ha CbNPOTUBMIEHMETO Ha MoyBaTa U
AnenekTpMyHa MNPOHULAEMOCT B 3aBMCUMMOCT OT TEeXHUTe CcTomMHOoCcTM npu 50Hz,
pasnunyHa BAa)XHOCT M NNbTHOCT Ha no4yeaTta 3a Yyectotn oT 100kHz oo 1MHz.
M3non3BaHn ca crnegHute ekcnepumeHTanHm meTtoau: Metoa 3a mamepBaHe Ha
BNa)HOCTTa Ha no4vBata — rpaBMMETPUYEH METoL U MeTod 3a onpefensHe Ha
OTHOCUTENHaTa AnenekTpuyecka NpoHMLAEeMOCT Ha noysaTa.

N3mepBaHeTo Ha enekTpuyeckute xapaktepuctukm R, C, CO 3a Bcska npoba c
pas3fiMyHO CbAbpXaHME Ha Brara € W3BbPLUIEHO C MNPEeuU3HUTE MMMNEeLaHCHU
aHanusaTopu 6500B Series.

Mpunara ce perpecnoHeH aHanua ¢ ABe NPOMEHNNBU 3a NoslyYaBaHe Ha ypaBHEHUS
3a onpegensiHe Ha CbNPOTUBIIEHMETO Ha NoYBaTa 1 gMeneKkTpuyHaTa NnpoHNLAEMOCT
B 3aBUCMMOCT OT CTOMHOCTTa UM npn 50Hz, BnaxxHOCTTa 1 NNbTHOCTTA Ha NoysBaTa,
kakTo 1 3a yectotn ot 100 kHz oo 1 MHz.

1. EkcnepumeHTanHuTe pesyntatum nokasaxa, 4e OrpoMHOTO pasHoobpasue oT
CTOMHOCTM Ha P W €r 3aAb/DKUTENHO onpeaenst HeobxoaAMMOCT OT NpeaBapuTESTHO
B3emMaHe Ha nNpobu npean 3anovBaHe Ha NPOEKTUPAHETO HA CUCTEMA 3a 3a3eMsiBaHe
1 NocreaBallo n3non3BaHe Ha PerpecuoHHN ypaBHEHUS, NPEeANoXeHN B CTaTuATa, 3a
HaMUpaHe Ha TEXHUTE CTOMHOCTW NPV NPON3BOSIHA YecToTa.

2. [JokyMeHTBbT nNpegnara nogxod 3a nosfiydaBaHe Ha JaHHW 3a P U €, KbOEeTo €
HeobXxoOuM nMpeums3eH aHanM3 Ha MNOYBEHUTE Mpouecu Mnpu Bb3OEWCTBUE Ha

MbJTHUEBU UMIYTICU.
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Regression Analysis of Experimental Data for the Soil Electrical Parameters
considering Humidity and Frequency

The paper presents the results of an unplanned factorial analysis of experimental
studies on the electrical characteristics of soils

with different humidity determined at different frequencies, conducted by the authors.
A program developed at the Technical University - Varna was used to process the
experimental data - regression analysis with two variables.

Equations are derived to determine soil resistivity and permittivity depending on their
values at 50Hz, varying soil moisture and density for frequencies from 100kHz to
1MHz.

The following experimental methods were used: Method for measuring soil moisture -
gravimetric method and method for determining the relative dielectric permittivity of the
soil.

The measurement of the electrical characteristics R, C, CO for each sample with
different moisture content was performed with the 6500B Series precision impedance
analyzers.

Bivariate regression analysis was applied to obtain equations for

determination of soil resistance and dielectric permittivity depending on their value at
50Hz, humidity and soil density, as well as for frequencies from 100 kHz to 1 MHz.

1. Experimental results showed that the huge variety of values of p and er necessarily
determines the need for preliminary sampling before starting the design of a grounding
system and the subsequent use of regression equations proposed in the article to find
their values at any frequency .

2. The paper proposes an approach for obtaining data on p and er, where a precise

analysis of soil processes under the influence of lightning impulses is required.
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OnpegensiHe Ha ONACHUTE HUBA Ha TOK HA MbJTHUSA 3a eNeKTPUYECKHN
noacTtaHuum 220 kV

MbnHUUTE ca yHuKanHo sBneHve B npupoaarta. [1pn Bb3HUKBAHETO UM MOXe [a ce
reHepupa ronsiMoO KONUYECTBO €Heprusi, KoeTto Moxe ga 6bae U3KMYUTENHO
paspywmtenHo. llopagn npaKoTO M HEMPSAKO Bb3OENCTBME Ha MBIHUATA BbPXY
Bb3AYyLWHUTE JIMHMM Ce [Mory4asaT MnpeHanpexeHus, Kouto morat ga 6bvaar
3HaAYUTENHO MO-BMCOKM OT Taka Hape4yeHOTO HMBO Ha M3oraums Ha obopyaBaHETO B
ernekTpoeHepruHata cuctema (BIL). Enexktpnyeckn nogctaHumm 220 kV ¢ Bb3ayLIHU
erieKTponpoBOAM Ca 3alUMTEHM OT aTMOCMEPHU MpeHanpexeHns ¢ MeTanokCuaHu
BeHTUNHM otBoan (MOSA). Te Tpabea fa 6baat n3bpaHu Taka, Ye enekTpuyecknTe n
MEXaHU4YHUTE XapaKTepuUCTUKM [da OTroBapsAT Ha YycrosusaTa, Mpu KOUTO ce
ekcnnoarumpar.

Llenta Ha goknaga e 4ype3 cMMynaumoHeH Mogen ga ce uacnegsaT HuBaTa Ha
aTMOCEPHO NpeHanpexXeHne N ga ce onpeaenaT onacHUTe aMnnTyamM Ha TOKa Ha
MBbIHUA 3a NOACTaHUMKM C HMBO Ha HanpexeHue 220 kV. CumynaunoHeH mogen Ha
peanHa noactaHuma 220 kV e paspaboteH B MATLAB Simulink 3a mogenupaHe Ha
AVPEKTEeH yaap Ha MbiHUA OT (ha30B NPOBOAHUK BbB BCSKa Bb3ayLlHa NuHus 220 kV,
CBbp3aHa KbM u3credBaHata noacTaHuus. PasrnmegaHu ca  cnyyau Ha T. Hap.
"cpsizaHa" BbniHa ¢ napameTpu oT 10kA oo 100kA 1 pasnuyHm pascTosiHMS 40 To4YkaTa
Ha yadapa. W3mepBaHusATa Ha HanpexeHue Cce Wu3BbpLIBaAT Ha BXoda Ha
enekTponpoBoda KbM noacTtaHuusaTa. M3cneaBaHusT MoAeni € Ha enekTpuyecka
noactaHuus 220kV. Cebp3Ba ce C ABOMHA LUMHA CbC CXeMa C eduH npekbcBay ¢ 3
Bb34YLUHN efleKTPonpoBoaa, 3 aBToTpaHcdopMaTopa, 2 nsmepBaTtenHn CbeguHEHNS
n 1 npekbcBad. 3a ekBMBaNeHTHaTa cxema Ha NOACTaHLUMATa BCEKN eNIEMEHT € JadeH
C HeroBus kanauuTteT. NpoBogHMUMTE B MOACTaAHUMATA ca JaAeHW 4Ype3 NUHUSA C
pasnpegeneHn napameTpu C peanHu pascTosHUSA, U34ucreHn 3a npeobrnagasalla
npexoaHa 4YecroTa.

EkBMBaneHTHaTa cxema Ha noAacTaHumdATa € peanum3anpaHa B Matlab Simulink.
PesyntatbT OT cumynaumaTta OoT Npoy4yBaHETO Ha Mofena npeactaBs U3MEpPeHuTe
npeHanpexeHns Ha Bxo4a Ha NoOACTaHUusTa NnopoaeHn OT MbJTHUA B cpaBHeHMe ¢ BIL
Ha cucTemara.

Pe3yﬂTaTI/1Te, NnoKa3BaT, 4e MbJTHUATa NpuU4nNHABa rnpeHanpexeHnd, KOMTo ca onacHU
3a 060py,1:|,BaHeTo. 3a Bceku cnyqaﬁ OT MOAENTHOTO n3cnegBaHe ce onpenenda To4HO
HMBOTO Ha TOKa Ha onacHa MbJIHUA 4Ype3 npeceyvyHa To4Ka Ha KpuBuTte. ToBa Moxe aa
Obae nonesHo 3a npeun3Ha KoopanHauuda Ha mnsonauundarta u 6boewo pa3BuTne Ha
nacrnieaBaHudTa.
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Determination of dangerous lightning current levels for power substations

220 kV

Lightning is a unique phenomenon in nature. In its operation, a large amount of energy
can be generated, which can be extremely destructive. Due to the direct and indirect
impact of lightning on the overhead lines, overvoltages are produced which can be
significantly higher than the so-called insulation level of the equipment in the power
system. Electrical power substations 220 kV with overhead power lines are protected
from atmospheric overvoltages with metal-oxide surge arresters (MOSA). They must
be selected so that electrical and mechanical characteristics comply with the
conditions under which they are operated.

The aim of the report is to investigate the atmospheric overvoltage levels and to
determine the dangerous amplitudes of the lightning current for substations with a
voltage level of 220kV through a simulation model. Simulation model of a real 220kV
substation was developed in MATLAB Simulink to model a direct lightning strike by
phase conductor at any 220kV air line connected to the substation under study. We
have seen cases of so-called, a "cut" wave with parameters ranging from 10kA to
100kA and different distances to the point of impact. Surge voltage measurements are
made at the inlet of the power line to the substation. The investigated model is electrical
air insulated outdoor power substation 220kV. It is connected by double bus bar with
single breaker scheme with 3 overhead transmission lines, 3 autotransformers, 2
measurement joints and 1 tie breaker. For the equivalent scheme of the substation
every element is given with their capacitance. Conductors in the substation are given
by distributed parameters line with real distances calculated for dominant transient
frequency.

The equivalent scheme of the substation is implemented in Matlab Simulink. The
simulation result from the model study present the measured overvoltages at
substation entrance due to lightning current compared with the BIL of the system.

Following the results it can be seen that lighting current cause overvoltages that are
dangerous for the equipment. In the each case of the model study is defined exactly
the dangerous lighting current level by intersection point of the curves. This can be
useful for precise insulation coordination and future development of researches.

The developed model can be used for wave processes in power substations.
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