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VY pany je mpencTBajbeHO (popMHUpakE CHUMYJIAMOHOT MOJIENa 3a MOTpede aHaliu3e yTHiaja
oOHOBJpMBUX U3BOpa eHepruje (OUE) Ha kBanmuTeT elIeKTpUYHE EHEepPruje y MPEHOCHOM
cucteMy. Pag naje koHKpeTaH mpuMep M3 TMpakce. 3aaarak je OMo OApeauTH €KBHUBAJICHTHY
UMIIEIaHCy CUCTEMA Y (PEKBEHIINCKOM JIOMEHY Y MOjeIMHUM TaukaMa Mpexe. To cy Tauke y
KOjuMa Ce O4eKyje MpuKJbydewe 3Hauajuuje cHare n3 OUE. Cumynanuonu moaen Tpeba na ga
MaTpHily UMIIEJAaHCH CHUCTeMa y H3abpaHMM Taukama 3a pa3jInuuTe ciydajeBe. Jpyrum
peunmMa, TOTpeOHO je OAPEAUTH COICTBEHY MaTpPUIly CHCTeMa Yy OJa0paHWM Tadkama, 3a
pa3IuYMTe CllyyajeBe U Ipu pa3sTuuuTUM (ppeKBeHIIMjaMa, T3B. frequency sweep aHaIu3a.

Jla Ou ce oapeawsiia UMIEAaHCAa CUCTEMa JIOCTaBJbEH j€ CIIOKEH CUMYIAlMOHU MO
LIEJIOKYITHE TIPEHOCHE MPEkKe, KOjH YKJbYUYje 10CTa eleMeHaTa pa3IiuuTUX HAalIOHCKUX HUBOA.
Takohe HOCTaBJbEHO je IIECT PANMUYUTHX pPATHUX PEKHUMa, OJHOCHO Pa3IUYUTHX
OTEPALMOHUX CLIEHapHWja KOjU ce OJHOCe Ha HUBOe onrTepehema M reHepucama y MpEexH.
JlocTaBibeHH Cy peXUMH JIETHET MUHMMyMa M MakCUMyMa 3a JBE TOJHMHE, Ka0 U PEeKUMU
3MMCKOT MUHUMYMa U MaKCUMYyMa 32 jeIHy TOJIUHY.

Takohe, mocraB/beH CHMyJAllMOHW MOJEI je JaT y mporpaMckoMm makety Siemens PSSE a
3aXTEBAHO je Ja npopadyHu Oyny pahenu y coprBepy Digsilent PowerFactory. 3a oBe motpebe
M3BpIICHA j€ KOHBEP3Hja CHUMYJIAIMOHOT MOJEla, 32 CBE JOCTaBJbEHE PEXHME M3 jeAHOT
co(TBepcKor nakera y npyru. Bepudukamuja moznena je u3BpuieHa nopehemem pesynrara
TOKOBa cHara y o6a cotBepa. YCBOjeHO je /1a je JOBOJbHO J0OPO KOHBEPTOBAH MOJIEN OHAj 3a
KOjU je MOCTUTHYT pe3yATaT pa3jiuke y TOKOBHMMa aKTMBHUX cHara 1o 3% a y TOKOBHMA
peakTuBHE cHare 10 5%.

OBako (opMupan CUMyIallMOHM MOAEJT j€ JIOJAaTHO yHampelheH yBakaBameM 3aBHCHOCTHU
MIPOMEHE UMIIEAaHCE BOIOBA M TpaHChoOpMaropa y Mpexu o GppekBeHnuje. Jpyrum peunma,
3a MMPEeHOCHE BOAOBE U TpaHC(hOpMAaTOpe YHETa je Y MOJEI 3aBUCHOCT HUXOBE UMIIEJAHCE OJf
¢bpexBennyje. [lorom TakBe uMINenance yaasze y npopadyH yKyIHE €KBUBAJICHTHE UMIIEJaHCE
cucremMa. BaxkHo je HaloMeHyTH /1a je 0Baj TUI MoJaTKa Crieu(pHUaH U PETKO jaBHO JIOCTYIaH
ra cy MpU MOJIEIOBamky YBaXXEHE OINIITE MPETNopyKe Koje Cy 3a OBe MoTpede neduHmcaHe
CIGRE 6pourypom 766. tbuma ce yBakaBa mpoMeHa OTIIOPHOCTH eJIeMeHaTa ca ()peKBEHIN)jOM
Kao Tocienuiia CKMH edekTa, JOK ce MPOMEHa peakTaHce ca (PPEKBEHIIMjOM yCBaja Kao
JMHEapHa.

Ha ¢popmupanoM cumynanmoHoM Mojiely BpLICHA je frequency sweep aHalu3a 3a CBUX ILIECT
palHUX CTamka MpEKe. 3a CBAKO CTambE YBAXKEH je, TOpe] OCHOBHOT MPOpavdyHa, ¥ IPOpadyH ca
HCITaIiMa HEKOT O] BOJIOBA MJIU TpaHcopmaTopa y Mpexxku. Ha Taj HaunH qo0ujeHa je MaTpuiia
KOja CcajipXKH COIICTBEHY MMIIEJ]AHCY CUCTEMA Y 01abpaHoj Tauku y (PPEKBEHLIN]CKOM JOMEHY,
3a BENUMKH OpOj pa3IMuuTUX CTama y MpEkH. 300r TOra MOIET MOXE IOCITYKHTH 3a
cBeoOyxBarHy TmpoueHy yrtumaja OUWE Ha KBaJUTET eNEeKTPUYHE EHEpruje y Tauku
NpUKJbyUYeHwa. Takohe y Mozen ce, ako je moTpeOHO, MOTY HHTETPHUCAaTH MEpEeHha XapMOHUKA U
¢rukepa.
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Pohena je 13.06.1988. rogunae y VYxwuiy. OCHOBHY U CpPEImby
mkoiy 3aBpmuia je y HoBoj Bapomm kao Hocumarn Bykose
auruiome. CTyauje Ha eJIeKTPOTeXHHUKOM (akynTery y beorpany,
3anounmbe 2007. roguHe u 3aBpmasa 2012. roguHe Ha OACEKY 3a
eJIeKTpoeHeprercke cucteme. Mactep crynuje 3aBpiiasa ox 2011.
1o 2012. rogune. 2012. roguHe ymucyje JOKTOPCKE CTyIHje Ha
MaTHYHOM (aKynTeTy, Ha ofaceky EiekTpoeHeprercke Mpexe u
CHCTEMH.

VY Mucrutyry Hukona Tecna je 3anmocnena on 2014. rogune y
[EHTPY 3a EJIEKTPOCHEPTETCKE CHCTEME. TOKOM JI€CETOTOTUIIIHHET
paJIHOT MCKYCTBa Y4E€CTBOBaJia j€ Ha BEIMKOM OpOjy CTynHja Koje Cy oOyxBarajie CerMeHTe
IJIaHUpamka JTUCTPUOYTUBHE Mpeke, ToBehama eHepreTcke e(PUKacHOCTH M CTpaTeInke
eHepreruke. Takohe, Hajpehu neo cryamja oOyxBara CHCTEMCKE aHAlM3€ KOje C€ THUY
JMHAMUYKHX OJI3MBAa CHCTEMa M CTAOMIHOCTH CHUCTeMa. Y OKBUPY CBOT paaa OaBuia ce u
CTyAMjaMa MPUKJbyYeHha 0OHOB/BHBHUX M3BOPA EHEPIHje U aHAJIM3aMa ycJIoBa MPUKIbyUYeHha Ha
TUCTPUOYTHBHOM M TPEHOCHOM CHCTEMY.

TokoM pana crenujanuszoBana ce y kopumthemy codTBepa ommTe HamMeHe Kao mTo cy MS
office, AutoCad w Matlab. Taxkohe wmMa 3Ha4ajHOT HMCKYCTBa y paay ca codTBepuma
CIELMjaTM30BaHUM 3a €JIEKTpOeHepreTcke mpopauyHe kao mro cy TokoBu CHara (codTBep
pasujen y Uncturyry Hukona Tecna), PSS Sincal, PSSE Siemens, Digsilent Power Factory,
Antares v cn. TokoM CBOT pajia ¥ CTyIupama 00jaBuiia je Kao ayTop WU KoayTop oko 15 pamoBa
Ha cTpyyHUM qomahuM u Mel)yHapomHuM KoHpepeHrjama.
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Abstract

The paper presents the formation of a simulation model for the analysis of the impact of
renewable energy sources (RES) on the quality of electricity in the transmission system. The
paper presents a concrete example from practice. The task was to determine the equivalent
impedance of the system in the frequency domain at certain points of the network. These are
the points where significant power from RES is expected to be connected. The simulation
model should give the system impedance matrix at selected points for different cases. In other
words, it is necessary to determine the system’s own impedance at selected points, for different
cases and at different frequencies, the so-called frequency sweep analysis.

In order to determine the impedance of the system, a complex simulation model of the entire
transmission network, which includes many elements of different voltage levels, was
submitted. Also there were six different operating modes, i.e. different operational scenarios
related to load and generation levels in the network. Summer minimum and maximum regimes
for two years, as well as winter minimum and maximum regimes for one year have been
provided.

Also, the submitted simulation model is provided in the Siemens PSSE software package, and
the calculations are required to be done in the Digsilent PowerFactory software. For these
needs, the simulation model was converted for all delivered scenarios from one software
package to another. Model verification was performed by comparing the power flow results in
both software. It was accepted that a sufficiently well-converted model is one for which a
mismatch in active power flows is up to 3% and mismatch in reactive power flows is up to 5%.
The simulation model formed in this way was additionally improved by taking into account the
frequency dependence of the impedance change of lines and transformers in the network. In
other words, for transmission lines and transformers, the dependence of their impedance on
frequency was entered into the model. Then such impedances are included in the calculation
of the total equivalent impedance of the system. It is important to note that this type of data is
specific and rarely publicly available, so the general recommendations defined for these
purposes in CIGRE Technical Brochure TB 766 were taken into account during modeling. They
take into account the change in resistance of elements with frequency as a consequence of the
skin effect, while the change in reactance with frequency is adopted as linear.

A frequency sweep analysis was performed on the created simulation model for all six
operating states of the network. For each scenario, in addition to the basic calculation, a
calculation with outages of one of the lines or transformers in the network was taken into
account. In this way, a matrix was obtained that contains the system’s own impedance at a
selected point in the frequency domain, for a large number of different states in the network.
Therefore, the model can be used for a comprehensive assessment of the impact of RES on the
power quality at the connection point. Harmonic and flicker measurements can also be
integrated into the model if necessary.

Keywords: power quality, system impedance, frequency sweep analysis, model conversion,
Digsilent PowerFactory.
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