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BiHHMIBKHI HAI[IOHATBHUN TEXHIYHUN YHIBEPCUTET

AHAJII3 JUHAMIYHUX IOMUWJIOK PO3IIOAIVIBHUX CTATKOM, IO
3YMOBJIEHI HETOYHICTIO ®OPMYBAHHS 3AJABAJIBHUX CTPYMIB

B cmammi npoaHanizogaHo OUHAMIMHI NOMUJAKU CUMEMpY8dHHsl HABAHMAXCeHb ma (inbmpyeaHHs SUUWUX
2apMmoHik 3a donomozoro CTATKOM, wo 3ymoseHi HemouHicmio hopMysaHHsl 3a0a8aN6HUX CIMPYMIB.
Katouosi cnosa: cumempyeaHHs HagaHmaoiceHs, PiabmpyeaHHs 2ApMOHIK.

M.J. BURBELO, Y.V. LOBODA, O.V. STEPURA

Vinnytsia National Technical University

ANALYSIS OF DYNAMIC ERRORS OF DISTRIBUTIONAL FITTING, MADE BY INSUFFICIENCY OF FORMING
DETENTION CURRENCIES

In the article the algorithm of control of static synchronous compensators is analysed which is based on the theory of
instantaneous capacities on dynamic errors. The structural scheme of control systems based on the theory of instantaneous power, the
mathematical division of the transition mode for increasing and reducing the asymmetric active-inductive nonlinear load is shown, and the
response of the device to this mode is shown. Dynamic errors of load balancing and filtering of higher harmonics are shown with the help of
static synchronous compensators, which are caused by inaccuracy of the formation of presumptive currents. From the analysis of
dependencies, it follows that the current of the zero sequence is compensated for precisely, and the current of the reverse sequence of the
fundamental harmonic, as well as the currents of the direct and reciprocal sequences of the higher harmonics, are compensated by errors
which depend on the speed of the load change. Graphs of required consumption for small loads and generation at high loads of active and
reactive power during load balancing and filtering of higher harmonics are shown. Dynamic errors of load balancing and filtering of higher
harmonics by means of static synchronous compensators, in case of fixation of active and reactive capacities of static synchronous
compensators, there are no errors.

Keywords: load balancing, harmonic filtering.

IMocTanoBKa mpodJjaeMu
[Ipu mociipkeHHIO peXUMY POOOTH CTATUYHOI'O CHHXPOHHOTO KOMIIEHCATOPA, TAKOTO SIK 30LIbIICHHS Ta
3MEHILEHHS! HECUMETPUYHOI'O AKTHBHO-IHIYKTUBHOTO HENIHIHOTO HABaHTa)KCHHS, BHUHUKAIOTH ITOMWIKH HOTO
po0oTH, 110 3yMOBJIEHI HETOYHICTIO (POPMYBaHHS 3aJaBaJIbHUX CTPYMIiB.
AHaJi3 0CTaHHIX JKepes
OpnumM 13 MetoniB kepyBanHs po3nogutbHumMu CTATKOM e meron, 10 OCHOBaHUI HA TEOpii MUTTEBOL
motyxHOCTi [1-9]. CTpyKTypHY CXeMy CHCTEM KEpyBaHHS Ha OCHOBI TeOpii MUTTEBOI MOTYKHOCTI 300pa’keHO Ha
puc. 1.
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Puc. 1. CucremMa KepyBaHHs1 HA OCHOBI Teopii MUTTEBOI MOTYKHOCTI

AJITOPUTM KepYBaHHS 3 BUKOPHCTAHHAM TEOPil MUTTEBUX MOTYKHOCTEH CKIIAA€ThCS 3 TAKUX KPOKIB.
1. Iepexin Bixm (a3HUX KOOPOWHAT OO OPTOTOHATBHUX CKIIAAHWKIB HANpyr i cTpymiB B cuctemi ofi0-
KOOpPAMHAT:
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i, (1) 2/3 =\1/6 —1/6| |i,(?)
g®)|=| 0 172 =12 || ip(®) |,
i (1) | 1/3 1/3 1/3 | [ie(0)
ne [ua(t), ug (), uo(t)]T, [ia(t), ig(?), io(t)]T — BEKTOpH Hampyr i cTpyMiB B cucreMi af0-KoopauHar;
[ua @), up(2), uc(t)]T, [ia ®), (t),ic(t)]T —  BEKTOpH  MHUTTEBUX  (DAa3HUX  HANPYr 1  CTPYMIB;
23 /6 16
0 J1/2 =/1/2 | - ynirapna matpuus nepexoy Bia GpazHUX 10 OPTOrOHATBLHUX KOOP/MHAT.
J1/3 0 41/3 J1/3
2. ®opMyBaHHI MUTTEBUX aKTUBHOI Ta PEAKTUBHOT IMOTYKHOCTEH:
P0) = i (Ot (O) + RO (0) 5 q(0) = i (g (1) — g (e (0). @
3. Bu3HaueHHS akTUBHOI Ta peaKTUBHOI OTYXHOCTEH HaBaHTaKEHHS:
4 L 1L 4 L 1L
PO=— | plodt—— [ p(yar; o == [aydt—— [q(0)dr. (3)
t-T/2 t-T t-T/2 t-T

4. Bu3HaueHHsl CKJIQJIHUKIB TOTYXXHOCTI IyJIbCallild, sIKi MOBHMHEH reHepyBatd AD [uis cUMeTpyBaHHS Ta
(binbTpyBaHHS BUIUX FApPMOHIK:

ny()=pO)=P@);  ng()=q()-0). “

5. 3Haxo/pKeHHs OakaHOT 3aJIeKHOCTI KOMIeHcaliiHoro ctpymy A® B cucremi of3-KkoopAnHAT:

* n,(Oug () +n,(Oug(t) —n,(Ouy (t)+n,(Oug(t)
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6. Ilepexin o cucteMu GpasHUX KOOPAUHAT 32 (HOPMYIIO0
i (f) 2/3 0 13| |i5,0)
i) |=|=y1/6 Y2 13| ig@) |, ©)
i) [=J1/6 =12 3| |50
ne i: (¥, i;(t), i: (t)}r, [i;(t), ig(t), lS(Z)]T — BEKTOPHU 3a/1aBAJIbHUX 3HAYE€Hb KOMIIEHCAIINHUX CTPYMIB B

cucreMi ¢asuux Ta aff0-KooparHAT.

7. IlopiBHSIHHSL KOMIICHCALIHHUX CTPYMIB (a3 3 GaKTHYHUMH CTPyMaMH KOMIIEHCATOpa Ta IX peryJIroBaHHs
3a BiAXWICHHSIM 3 BUKopuctanusm 11 /1-perynstopa.

Meta po6oTH goisrae y AOCIIKEHHI TOMHIIOK CTAaTUYHOTO CHHXPOHHOTO KOMIIEHCATOPa, 1110 3yMOBJIEH]
HETOYHICTIO POPMYBaHHS 3a/1aBAJIbHUX CTPYMIB, IPU 3MiHI HABAaHTAKEHHSI.

Bukiax ocHOBHOro mMartepiany. AHaI3 IOMIWIOK CTATHYHOTO CHHXPOHHOTO KOMIIEHCATOPa, 3yMOBJICHHX
HETOYHICTIO (OPMYBaHHS 3aJaBAHUX CTPYMiB, MPOBOIAUTHCA Yy BUNANKy 30UTBIIEHHS Ta 3MCHIICHHS
HECHMETPUIHOTO aKTUBHO-IHAYKTUBHOTO HENHIHOTO HaBaHTAXKEHHS (pHC. 2).
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Puc. 2. YacoBi 3a/1eskHOCTi 3MiHM aKTHBHOI T2 PEAKTHBHOI NOTY:KHOCTEH HABAHTAKEHHS

OcnHoBHuMHE TIoKa3HHKaMu edekTuBHOCTI pobotn CTATKOM € miHiMaIbHI 3HAYEHHS CTPYMIB 3BOPOTHOL
Ta HYJIBOBOI TIIOCHIZOBHOCTEH OCHOBHOi TapMOHIKH, a TaKOX CTPYMIiB TpsMOi, 3BOPOTHOI Ta HYJIHOBOI
TOCJTI IOBHOCTEH BUIIMX TAPMOHIK.
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Puc. 3. 3anexHocTi cTpyMiB 3BOPOTHOI Ta HYJILOBOI MOCTi10BHOCTell 0cHOBHOI rapMoHiku a) 10 yBiMkHennss CTATKOM 6) micas
yBiMkHenHs1 CTATKOM
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i A e

2apmoniku iy iy iy, A
a) 0o yeimknenna CTATKOM 6) nicasa ysimknenuss CTATKOM

Cmpym npsmoi, 360pomHoi ma Hy1b060i NOCAIO08HOCMEN MPemboi

0 0.1 02 03 0.4
a)

Yac, ¢

Puc. 4. 3anexxnocTi cTpyMiB npsiMoi, 3BOPOTHOI Ta HYJILOBOI MOCIi10BHOCTEl 3-i rapMoHiku a) 10 yBiMknennss CTATKOM
0) mic;is1 yBiMmkHennss CTATKOM

Ha puc. 3 nokazaHo 3aeXHOCTI CTPYMiB 3BOPOTHOI Ta HYJIHOBOI HOCIJOBHOCTEH OCHOBHOI TApMOHIKH: a)
1o yBimkHeHHI CTATKOM; 6) micna yBimkHenHss CTATKOM, a Ha puc. 4,..., puc. 7 — cTpyMiB IpAMoi, 3BOPOTHOI
Ta HyJIbOBO{ ITOCTITOBHOCTEMH, BiAMOBIAHO, 3, 5 1 7 rapmoHik: a) — 10 yBiMkHeHHSI CTATKOM, 6) micns yBiMKHEHHS
CTATKOM.

3 HaBeJEHWX PHUCYHKIB BHJIHO, IO TIOMHJIKH CUMETPYBaHHS Ta (DUIBTPYBaHHS BHIIMX T'APMOHIK € TOCUTH
ICTOTHUMH 1 3aJIKaTh Bil NIBUAKOCTI 3MIHM HaBaHTaXXEHHS. 3 aHAJII3y 3aJIe)KHOCTEH BUILIMBAE, 10 CTPYM HYJILOBOT
MOCJIIZIOBHOCTI KOMIIEHCYETBCSI TOYHO, @ CTPYM 3BOPOTHOI MOCIHIZOBHOCTI OCHOBHOI TapMOHIKH, & TaKOX CTPYMH
mpsMoi Ta 3BOPOTHOI IOCIIJIOBHOCTEH BHINMX T'apMOHIK KOMIIEHCYIOTBCS 3 NMOMMJIKAMHM, SIKI 3aJIeXaTh BiJl
MIBUAKOCTI 3MiHM HaBaHTaxxeHHs. [[pHunHOI0 MOMIIIOK € iHepuiiHicTh popMyBaHHs NOTYXHOCTEH. [ToMmkn Moxxe
XapaKTepU3yBaTH 3aJIHUITKOBHNA CTPYM 3BOPOTHOI ITOCIiZOBHOCTI (pHc. 5).
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Puc. 5. 3aaumkoBuii cTpyM 3BOPOTHOI NOCTiIOBHOCTL
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JuHaMiuHI TTOMHJIKM BiACYTHI y pa3i (ikCyBaHHsS aKTHBHOI Ta PEAKTHBHOI TOTYXHOCTEH Ha ITEBHUX
cepenHix 3HaueHHsix, ane npu upoMy CTATKOM mnoBuHeH reHepyBatu (CIIOKHBATH) aKTUBHY 1 PEaKTHBHY
noryxHocti. Ha puc. 8 mokazano rpadiku HEOOXiHOTO CIOXKHMBaHHS 32 MAlMX HABAHTAXKEHb 1 FeHEpyBaHHS 3a
BEJIMKMX HABaHTa)KEHb aKTUBHOI Ta PEaKTHBHOI MOTY)KHOCTEH B MPOLECi KOHANIIOHYBaHHS SKOCTI €JIeKTpOeHepril
(cuMeTpyBaHHS HaBaHTa)XEHb Ta (GUILTPYBaHHS BUILUX FApPMOHIK).
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Puc. 6. 3anexxnocti cnokuBaHux Ta reHepoanux nory:xknocreii CTATKOM vy pasi ¢pikcyBaHHSI aKTUBHOI T2 peaKTHBHOI MOTY KHOCTE#

HeoOxinHiCTh CHOXKMBaHHS Ta TEHEPYBaHHS akKTHBHOI Ta pEaKTUBHOI NOTY)XXHOCTEW B mpoleci
KOHJMLIIOHYBaHHS SIKOCTI €JIEKTPOeHeprii NPUBOAMUTH A0 HeoOXigHocti 30unbmieHHs mnotyxHocTi CTATKOM i,
BIJITIOBIJTHO, TOJJATKOBHUX MaTepiallbHUX BUTPAT.

BucHoBku
JluHaMiuHI NOMWJIKM CHMETPYBaHHS HaBaHTaKeHb Ta (UIBTPYBaHHS BHUIIMX TapMOHIK 3a JOIIOMOTOO
CTATKOM 3anexarh Bij IMIBUAKOCTI 3MIHM HaBaHTAXXEHHS. 3a BEIUKHUX IIBUAKOCTEN 30UIBIIEHHS Ta 3MEHIIECHHS
HAaBaHTAXXCHb IMOMHJIKHM iCTOTHI. Y pa3i (ikcyBaHHA aKTUBHOI Ta peakTuBHOI noTyxkHocTeit CTATKOM mommiku
BincyTtHi, omHak npu oMy CTATKOM moBHWHEH CIIOKMBAaTH aKTHBHY Ta PEaKTHUBHY MOTYXHOCTI 3a MaHux
HaBaHTA)XCHb 1 TEHEPYBATH — 33 BEJIMKUX HaBAHTAXKEHb.
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