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PEKOH®UT'YPALIUA MEPBUYHON

PACINPEAENUTENNbHOW CETH /

RECONFIGURATION OF THE PRIMARY
DISTRIBUTION NETWORK

PEKOH®UT'YPAITUA ITEPBUYHOM PACHPEIEJIUTEIIBHOU CETU
Tony6 .11, Boitros O.H., Cemenosa JL.H., Bomoes E.B.

HCSM CO PAH, Upkyrck, Poccna

Pacnipegennrensusie cetu (PC) — 9T0 mOCIefHee 3BeHO, CBSI3bIBAIOII[ee TIPOM3BOJCTBO SJIEKTPOIHEPTN C ee
Iepeauert KOHeuHOMY IoTpebuTenio. [lepBuunsle PC mosyyaror muraHme OT IOACTAHII, CBI3bIBAIOLIIX
BBICOKOE ¥ CpeIHee HallpsKeHMs, ¥ XapaKTepU3yITCs paAMalbHOI 1y c1ab03aMKHYTOI KoH(urypaumeit,

HO Gyrarojapsi IMPUCYTCTBUIO B PasHBIX MeCTax MeXAy (uaepaMy HOPMAJIbHO Pa3sOMKHYTBIX JIMHEITHBIX
BeIKitoyareseit (JIB), ony paboTaroT Kak pasoMKHYTHIE.

U3BecTHO, uTO GOJIBIIIAS UACTD IIOTEPD SHEPIIY B 3JIeKTpoaHepreriueckoii cucreme (39C) nmponcxonnrt B PC.
91U motepu cocTaBiAT 10-13 % oT Bcell mpom3BeneHHOM aneKkrposHeprun. Kpome JIB B PC cymecTByroT

Y HOpMAJIBHO 3aMKHYThIE CEKI[MOHHBIe BbIkiIouaresny (CB), KOTopble MOTYT OTKIIOUATh OMHY U3 CEKLIII
dbunepa. 3ambikanue JIB i pasmbikaHne cOOTBeTCTBYOLIEro CB 103BOJIZET ITOIyUNTh HOBYIO PagajIbHY 0
koHpuryparuio PC. Takas onepaumus, Ha3pbiBaeMas pekoHpurypaumeit (PK), mo3sosseT He TOIBKO TOBBICUTD
HaJ{e)KHOCTD 3JIEKTPOCHA0KEH NS, HO I ITOJIYYUTh CHIDKEHIIE IT0Teph SHEPTNUI, &, CIIe{0BATENIbHO, I SHEPTUI,
oTpeOsIsieMOIl M3 IMTAIOLIEN CETV, TOKOB B BETBSX, ITOTepb HanpspkeHus B PC, a mpy Hammymm B ceTu
Bo300HOBIIsIeMOIT reHeparuu (BI'), Goiee mosIHOe ee MCIIOIB30BAHIIE.

B mupe mus pentenus npo6iemsr PK paspaboTaHO MHOKECTBO aJITOPUTMOB U IIOCTOSHHO IIpe/IararoTcs
HOBBIe aIropuT™Mbl 1 Kputepuu PK, HoBbIe yeiroBus 1 orpannyenus. HanGosbliree mpyMeHeHMe AL pa3INnIHbIX
kpurepues PK Haum sBpycTiUecKie ONTUMI3aLIOHHBIE AJITOPUTMBI [ 1-6], TaK1e aIrOpUTMBI, KaK TeHETUUECKIE,
TIOJICKA C 3aIIpeTaM!, KOJIOHIY MypPaBbeB, TOJCKA TAPMOHNY, ONITUMM3AIiy post yacTuil. OIHAKO TPYX0eMKOCThb
COBpPEMEHHBIX 9BPICTUUECKUX AJITOPUTMOB 3aTPYAHSAET UX MCIIOIb30BaHME B PeIbHOM BpeMeH, 0COOEHHO

IUtst cucTeM OOJIBIION pasMepHOCTM. KpoMe MOIyCTMMOCTM Y3JIOBBIX HAIIpSKEHMII M TOKOB B CEKLIMSX
bunrepoB, BaXXHENIINM OTPpaHUUEHIEM B SBPUCTUYECKIX AJITOPUTMAaX, KOTOpOEe JOJDKHO YUMTHIBATHCS B
npouecce PK, saBngercs coxpaHeHnue paauainpHocTn tonosoruu PC.

B anropurme PK [7] mo xpurepuio MMHMMM3AIUN HOTEPbh MOLIHOCTY, JICIIOJIb30BAHME BKIIOUEHHBIX B
IIpOrpaMMy pacueTa yCTaHOBUBIIETOCS PeKIIMa aITOPUTMOB IIOCTPOCHMS MaKCMMAaJIbHOTO IIOKPHIBAIOIIIETO
JlepeBa 1 OIIpe/eNIeHNs BeTBell He3aBMICMMBIX KOHTYPOB II0 X XOpJaM, IIpOBepKa pagMaIbHOCTI CeTH He
tpebyercst. OCHOBHas M/est COCTOSIIIIETO 3 ABYX IIAr0B &JITOPUTMA 3aKJII0UaeTCsI B 06ecIieueHN B Pa30MKHYTOI
CeTH IOTepb MOIITHOCTH, OIM3KMX K ITOTePSM MOIIHOCTM B 3aMKHYTOJ CETH, UTO BO3MOKHO, €CIM CyMMa
TOKOB B XOPJIaX MaKCMMaJIbHOTO ITOKPBIBAOIIETO IepeBa MITHIMAaIbHA.

Vicrionp3oBanue anropurMma [7] miust pasimuHbix TecToBbix cxeM PC mokasaio, uro PK momwkHa ciemoBatsh

3a M3MEHEeHVeM Harpy30K U TeHePaLyii, I0OCKOJIbKY II0TepI MOLIHOCTY I ONITHMAaIbHON KOHGUTYparuy,
BbIOpaHHbIE [UIsT OHUX YCIOBUIL, He Oy YT OIITMMAJIBHBIMIL BO BCEM AValla30He I3MeHEeHUs Y3JI0BbIX MOLI{HOCTEIL.
Bburo nokasano raxske [8], uro Hammune BI' okassiBaer Gosiblilee BIMAHIE HA CHIDKEHME NOTEph, ueM PK,
onHaxo npu BBemeHuu BI' uncno nepexmouennit npu PK cymecrBernno Bospacraer. ITockoibKy Goubliioe
YNCIIO IEePEeKIIYEHMIT MOXKET IIPUBECTH K TOMY, YTO CTOMMOCTD IIePeKIIOUeHI T OyAeT COIOCTaBMMa I
Oy[meT MpeBBILIATh CTOMMOCTh CHIDKeHUs 1oTepb sHepruu npu PK, 6bur moayden BbiBog o ToM, uto PK
1esIeco00pasHa, ecii CTOMMOCTD ITePeKIIoUeHN T HIDKe, YeM CHIDKEHIE CTOMMOCTH II0Teph SHEPruy Ipn

PK.

ITokasaHa Takke BO3MOXKHOCTb BBIOOpA TaKOll KOHGUIypaIuu, Ipy KOTOPOIL IIOTepH SHepIUy B TeueHue



CyTOK OyayT OJIM3KY K CyTOUHBIM IIOTEPSIM IIPY OIITHMaIbHOI uacoBoil PK. Ota npaes 6blia pacrpocrpaHeHa
Ha BbIGOp mocTossHHOI KoHpurypauuu PC [9], mpu KoTopoit [ Hefelu ¢ MAaKCUMAJbHO HATPY3KOM U
HeJleJIV C MUHIMAJIbHOI Harpy3KOil IIOTepY 9HepIruy Oy Ay T OJIM3KY K IIOTEPSM P OIITMMAIBHON YacoBOiL
PK.Ilokasano, uto anroput™ PK, nuneansno mogxonurt ais onpenenerus JIB, ncronp3yeMsbIx A BOCCTAaHOBJIEHNS
3JIEKTPOCHAOKEHNS TP aBAPUITHOM OTKIIoueHnu 060ro 3 CB, a JIB MoryT GpITh 3aMeHeHbI Ha yIaJIeHHO
yIIpaBiseMble.

B mpexsraymx paborax aBTOpOB, CBI3aHHBIX ¢ ripobiemoit PK, mosnaranocs Hanuune B PC equHCcTBEHHOTO
JMCTOYHMKA NUTAHNS, UTO He XapakrepHo ausi PC, ¢pumepsl KOTOPHIX MMOJIYyYalOT IUTaHME OT HECKOJIBKUX
ncrounukoB. OxHaxo, ecnn HekoTopble ¢pupepst PC mosnyuaror nuraHme, Ha-IpuMep, OT ABYX UCTOYHIIKOB,
TO QJITOPUTM IIOCTPOEHIS CBA3HOIO [iepeBa He I03BOJIIeT MAEHTUPUIPOBATh PUAEPHI C ABYXCTOPOHHIIM
NyTaHMeM KaK KOHTYPBI ¥ BBIAEINUTD B HUX XOPAbI, COOTBeTCTBYIoI e JIB.

Perttenne sToit mpoGieMsbl IOIyU€eHO B IIpejiaraeMoil padore. B Hell mpomuocTpupoBaHa Takke paHee
He aHAJIM3upyeMas BO3MOKHOCTb PK, 1103BoJIAIOIIell He TOJIBKO YMEHBIINTD IIOTEPU B LIEJIOM IO CETH, HO
¥ M3MeHeHNeM YMCiIa Y3JI0B B Gpuaepax BbIPOBHATh HATPY3KU ¥ IOTepy MoIHOCTK B pupepax. [lokasana
BO3MOYKHOCTB UCIIOJIb30BaHus anropurma PK 1uist ananmsa Hae)XHOCTH 3J1eKTPOCHAGKEeH ST HATPY30K, IIPU
aBapMITHOM OTKJIIOYEHUN He TOJIbKO Jfo6oro u3 CB, Ho u i060ro n3 GpumepHbIX BBHIKIIOUATENEN, a TaKKe
IUIS BBIEJICHNS Ha CXeMe CeTU ITOJCUCTEM epeBbeB, Harpy3Ky KOTOPBIX He MMEIOT Pe3epBHOI0 MICTOUYHMKA
MUTaHUS.
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Distribution networks (DN) are the last link between the production of electricity and its transfer to the
final consumer. Primary DC receive power from substations that connect high and medium voltages, are
characterized by radial or weakly closed configuration, however owing to normally open tie switches (TS)
between feeders, they operate as open.

Most of the energy losses in the electric power systems are known to occur in DN. These losses make up 10-13 %
of all the generated electric energy. Apart from the normally open TS, there are normally closed sectionalizing
switches (SS) that can disconnect one of the feeder sections. Closing of a TS and opening of a respective SS
allow us to obtain a new radial configuration of the DN. Such a procedure called as reconfiguration (RC)
enables us not only to enhance power supply reliability but also to reduce energy losses and hence energy
consumed from supply network, currents in tie lines, voltage losses in DN, and, moreover, more fully involve
renewable generation (RG) in the case it is used in the network.

In the world, many algorithms have been developed to solve the problem of RC, new algorithms and criteria for
RC, new conditions and limitations are constantly being proposed. The greatest use for various RC criteria was
found by heuristic optimization algorithms [1-6], such as genetic, tabu search, ant colony, harmony search, and
particle swarm optimization algorithm. However, the complexity of present-day heuristic algorithms hinders



their use in real time, this especially concerns large systems. Besides the admissibility of nodal voltages and
currents in the feeder sections to be considered during RC the radial topology including all the nodes of the
DN is the main constraint for application of heuristic algorithms.

In the algorithm of RC [7] by the active power loss minimization criterion the use of algorithms to construct
a maximum spanning tree and to determine branches of the independent loops by their chords, which are
included in the steady state calculation program, excludes the need to trace the network radiality. The basic
idea of the two-step algorithm is to achieve that the power losses in the open network should be close to
those in the closed network. Such a condition is shown to be met, if the spanning tree with a minimum sum
of currents in the chords is found in a closed network.

The use of the algorithm [7] for various test schemes of the DN showed that the RC should follow the change
of loads and generations, since the power losses at the optimal configuration chosen for one of the conditions
will not be minimal within the whole range of change in the load curve. It has been shown [8] that RG has a
greater influence on losses than the network RC, but availability of RG results in increase of the total number
of switchings for the daily RC. A great number of switchings can lead to a switching cost commensurate with
or exceeding the cost of reducing energy losses at RC. It allows the conclusion that RC will be expedient, if
the cost of switching is lower than the cost of daily energy losses.

The possibility of choosing such a configuration was also shown, in which the energy losses during the day
will be close to the daily losses at the optimal hourly RC. This idea was extended to the choice of a permanent
PC configuration [9], in which for a week with a maximum load and a week with a minimum load, the energy
loss would be close to that of the optimal hourly RC. It was shown that the RC algorithm ideally suits for
determination of TS used for power supply recovery in case of emergency opening of a SS.

In previous works of the authors related to the problem of RC, it was assumed that the DN has a single power
source, which is not typical for real DN, whose feeders receive power from several sources. However, if some
feeder of the DN is powered, for example, from two power sources the algorithm of constructing a maximum
spanning tree does not allow identifying such a feeder as a loop and selecting a chord in it that corresponds
to TS.

The solution to this problem was obtained in the proposed paper. It illustrates also that RC makes it possible
to reduce the power losses in the whole network and to balance the total loads and power losses in feeders
by changing the number of nodes in them, which has not been analyzed earlier. The RC algorithm can also
be applied to analyze the power supply reliability at an emergency outage of any SS, as well as any circuit
breaker, and to determine the subsystems of trees in the network scheme without reserve power supply.
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