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MOJEJIUPOBAHUE MPOHECCA CAMOPA3PSAJIA U U3BMEPEHUA
BO3BPATHOTI'O HATIPSIKEHUSA TJIABHOW U30JISITANA
PACIIPEJEJIUTEJBHBIX TPAHCOOPMATOPOB
B ITPUJIOKEHUU SIMPOWERSYSTEMS (SPS)

Knroueevie cnosa. 6o3epamuoe HanpsidceHue, OUACHOCMUKA 6bICOKO-
BOMLMHOU  U30TAYUU, 3aps0  abcopoyuu, HaAnpsdiceHue camopaspsaod,
NOCMOSIHHbIE 6PEMEHU CAMOPA3PAOd, CXeMA 3aMeWeHUs. KOPHYCHOU U30TAYUU
mpancghopmamopa, moxk abcopoyuu, PSmodens.

Annomanusn. Ipeonoscena PSmodens, nossonrsowas umumuposams
APOYECccyl 8 PeabHOl YCMAaHOBKe OJisl USMEPEHUst NapaMempo8 mpexciouHoU
U3OIAYUYU NpU 3apsioe, Camopaspsioe U Npu UMepeHuy 6036DAMHO20 HANPsIice-
Husi. C nomowwio unmezpupogartoeo nakema MATLAB (SmPower Systems)
UCCNeO0B8AHbBL NPOYECCHI 8 HEOOHOPOOHOU MPEXCIOUHOU U0AYUU NPU UMeHe-
HUU NAPAMempos OUASHOCIUYECKO20 YCMPOUCMEA.

bubnroreka 6;10k0B SimPowerSystemssisieTcst 0HOM 13 IOTOHHTENb-
HBIX OubmHoTek Simulink, co3maHHBIX [jIi MMHTAIMOHHOTO MOJEIUPOBAHMS
KOHKPETHBIX 3JIEKTPOTEXHMYECKHX YCTpOICTB. B coctaB OMOIMOTEKHM BXOIAT
MOJENIM aKTUBHBIX M IACCHUBHBIX JJIEKTPOTEXHHYECKUX 3JIEMEHTOB. JlocTomH-
ctBoM SimPowerSystemsiBisiercss To, YTO CIOXKHBIC BJICKTPOTEXHUICCKHE
CHCTEMBI MO>KHO MOZCIMPOBATh, COYETAss METO/Ibl IMUTALIMOHHOTO M CTPYKTYp-
HOTO MOJICITUPOBAHHUS. DTO IOCTHTrAeTCs TeM, uto Onoku SimPowerSystemsrko
compsiratoTes ¢ 00braHbIME Grokamu Simulink u apyriumu GrokaMu 1 GpyHKIHS-
mu cucteMel MATLAB. Dt1o mo3BonsieT ynmpocTUTh MOZENb, IOBBICHTH €€
YCTOIYHBOCTB U CKOPOCTH paboTsi [1, ¢. 43].

JU11  uccnemoBaHWs  Tpomecca  3apsAia M paspsAla  M3OIIMH B
SimPowerSystemsocTporM MOJIENb TPEXCIIOMHOMN H30JISIM, KOTOpas TPEICTaB-
TIeHa Ha HC. 1, ama pﬂc 2TI0Ka3aHbI napaMeIpLI YCTAaHOBJICHHBIX 3HAYCHUH.

Parallel RLC Branch Parallel RLC Branch1 Parallel RLC Branch2

Pucynox 1 — Mopenb TpeXcIOWHOW U30JSIHH, MOCTpoeHHas B SPS
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Block Parameters: Parallel RLC Branch
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Block Parameters: Parallel RLC Branchl M

Parallel RLC Branch (mask) (link}

Implements a parallel branch of RLC elements.
Use the 'Branch type' parameter to add or
remove elements from the branch.

Parameters

Branch type: IRC -

Resistance R (Ohms):
50e6
Capacitance C (F):
0..0449-6
[¥] Set the initial capaditor voltage
Capacitor initial voltage (V)
0

g

Apply

Measurements [ None

[ oc [ cancel |[ belp |
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Parallel RLC Branch (mask) (link)

Implements a parallel branch of RLC elements.
Use the 'Branch type' parameter to add or
remove elements from the branch.

Parameters

Branch type: [RC -

Resistance R (Ohms):
S56eb
Capacitance C (F):
U..lﬁle-ﬁ
[7] Set the initial capacitor voltage
Capacitor initial voltage (V)
0

™)

Apply

Measurements I MNone

Lok [ concel ||

Help
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Block Parameters: Parallel RLC Branch2
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Parameters

Parallel RLC Branch (mask) (link) A

Implements a parallel branch of RLC elements.
Use the 'Branch type' parameter to add or
remove elements from the branch.

Branch type: IRC

44e6

1.023e-6

0

Capacitance C (F):

Resistance R (Ohms):

[¥] set the initial capacitor voltage

Capacitor initial voltage (V)

m

Measurements [ MNone

| [concel | |
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Pucynok 2 —ITapaMeTpbl yCTAaHOBICHHBIX 3HAUECHHH MOJIEIN H30JISIHH:
a) —napaMmeTpsl 1-ro ciost; 6) — 210 ¢j1os; B) — 310 clost
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Jlnst n3MepeHust HAIPSDKEHHSI M TOKa BOCTIONB3YEMCSI H3MEPUTEIIEM
HAMpSDKEHHUST W TOKa COOTBETCTBEHHO, CXEMa COCHHHCHHS H300pakeHa
Ha puc. 3.
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a
R1
+—a o—
C1
o [
Parallel RLC Branch
al+ Ul ] i Scope
al- V' Ll + ~
Vokage Measurement Scope Current Measurement
a) 0)

Pucynok 3 — [NoakitroueHrne U3MepHUTENICH: a) — HAIPsDKEHUsT; 0) — ToKa

st ompenenieHust COMPOTHBICHUS HM30JIIIMU HCIONb3yeM OJIOK
divide, rne nenum oauH curHan Ha Apyroid, a umenHo U/i, u pesymbraTt

noAaanuM Ha «ocumiorpad» (puc. 4).
=} a

RIi
a B—f
Current Measurement Cl

o a
Parallel RLC Branch

al+ U1 <
——a| A N -
Voltage Measurement :
Divide

Scope

Pucynok 4 —IToakmrodenne 6J10ka MaTeMaTHIECKOM
orepanuu — AeJICHNe

Ha puc. 5 npuBenecra SPSmomens 3apsaaa u pa3psiga TPEXCIOHHOM
M30JIIMK B HHTerpupoBaHHOM rakere MATLAB. 3apsa Mmomenn n3omsium
OCYIIECTBISICTCS. OT HCTOYHHKA MOCTOsSHHOrO Hampspkenus (Series RLC
Branch) uepe3 uneansupiii kmou (ldealSwitch), kotopsiii ynpasisietcs ¢
MOMOILBIO TaliMepa, TAe B BEPXHEl CTPOKe 3a1aeTcsi BpeMs B CEKyHAaX, a B
HIDKHEH MMUTAlMS BKIOYCHHS — «1»u oTkmoueHuss — «0», mapamerpsl
taitmepa (Timer) npuBeneHs! Ha puc. 6 (a). [lepexmouarens cpabaTbiBacT
nocie 60 cek., K09 pa3MbIKaeTcs, 1 Ha ocuwniorpade OyaeM HabmoaaTh
cymmy Hanpsokenuit U, u U, uU 4 [3, ¢. 120-130].
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Timer ) )
Series RLC Branch3  Series RLC Branch4
g9 mp Voltage Gain
-E/.::r I‘V\ﬁ‘kq f v f S f v ‘j Measurement3
Ideal Switth  ggries RLC Current I_|
J Branch1 §Measurement) | parajlel RLC | Parallel RLC | Parallel RLG
L_DC Voltage Series Branch Brancht Branch2 i
T Source
RLC Rp o Ui —
Branch2 Lo U1 | o+ U2 + = U3 >
I - = Y - R—
g mp Voltage Voltage Voltage Scopet
T 1| 11:;:'—2 -J Measurement Measurementi |||Measurement2
imer
Ideal Switch 1 :
Series %
RLC Re Continuous +
Branch e~
q powergui Divide
Pucynok 5 — SPSwozens 3apsaa u paspsiaa
TPEXCIOWHON U30JISAUN
I[J'I}I MOACIAPOBAHUA BO3BPATHOI'O HAIIPSAKCHUA I[O6aBI/IM COITPOTHUB-
JICHUC Rp, Yepe3 KOTOPOEC H3OJAINUA PpaspsXacTCad Ha <GEMIII0» U

MOACOSIUHUM ero 4epe3 nepekirodarenpb (Ideal Switchl)xoropsrit ymnpas-
nsietest Taiimepom (Timerl),ero mapaMeTpbl npuBeAcHbI Ha puc. 6 (0). A Ha
puc. 7 IpeacTaBICHbI PEe3yabTaThl 3TOT0 MOACITHPOBAHUS.

=58

=5=)

Source Block Parameters: Timer

-
Source Block Parameters: Timerl

Timer {mask) (link)

output is kept at 0 until the first specified
transition time.

Parameters

Time (s):

Generates a signal changing at specified times.

If a signal value is not specified at time zero, the

B

m

[ 060120180 ]

Amplitude:

Timer (mask) (link}

output is kept at 0 until the first specified
transition time.

Parameters

Time (s):

Generates a signal changing at specified times.

If a signal value is not specified at time zero, the

m

[0 180 185]

Amplitude:

[1010]

0K

J [ cancel ||

Help |

Apply

[01

0]

| ok

]| Cancel ||

Help
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Pucynox 7 —I'paduik H3MEHEHUS apaMETPOB 3apsiaa TPEXCIOou-
HOM U30JISIUA OT BPEMEHHU

IpoBemeM aHanW3 BIHSHHUS COMPOTHBIECHHS BOJBTMETPA HA KPHUBYIO
3apsaa u paspsiga usosiun. Bozsmem 5 3nauenuit Rv: 100MOwM, 110w,
10TOm, 50T'0Om u 6e3 Rv. Pe3ynbTaThl aHaiu3a MpuBeIeHbBI HA pHC. 8.

W3 puc. 8 BuaHo, uto mpu 3HaueHusx Rv > 10T'Om kpuBbIie coBIama-
0T, U TPOILIECC 3apsi/ia UAET TaK XKe, KaK U MPH OTCYTCTBUHU COMPOTHUBICHUS
Rv[2,c. 1-3]
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Pucynox 8 —Bumsinue conpotnBienus BoabTMerpa: 1 — 100MOwm;
2 —1I'0Om; 3 — 10I'Om; 4 — 50I'0Om; 5 —6e3 yuera Rv

Yto0bl MpOaHAIU3UPOBATH BIUSHUE COMPOTHUBICHUS Pa3PSIHOTO
pesuctopa Rp, ycranoBuM ciuenyromue 3HadeHus: 10 MOwm, 5 MOwm,
1 Mowm, 10kOm u 1 kOm. Ha puc. 9 npuBeneHsl rpaduku, OTPaKaroIne
3aBHCHUMOCTh 5 CEKYyHIHOTO pa3psiia W BO3BPATHOTO HAINPSIKEHHS OT
3HAYEHHs COMPOTHBICHUS pa3psana. Buano, aro nmpu Rp = 1 MOwM xpu-
Bas BO3BPATHOTO HAMpPSDKCHUS MPOXOTUT OYEHb OJM3KO OT KpUBOit 1,
KoTOpast cooTBeTCTBYeT 1 KOM.
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Pucynok 9 —3aBucHMOCTH 5-CEKyHHOTO pa3psiia U BO3BPATHOTO
HAMPSDKEHUS OT BPEMEHHU TPH PAa3IHYHbIX 3HAYCHUSIX Pa3PSIHOTO
conportuBnerus: 1 — 1kOm; 2 — 10kOm; 3 — IMOwm;
4-5MOwm; 5-10Mom

Kak BugHO u3 puc. 10 npu paspsae U30JIALHN HA «GEMII0O» depes
pesuctop ¢ comnporuBienneM Rp = IMOwM uepe3 0,5 cexyHna Hampsike-
Hust Ha koHAeHcaTtopax C;, C; u C3cTaHOBATCS TaKMMU K€, KaK U IpHU
Rp = 0. Ilpu paspsne uepes comporuBieHne Rp = 10 kOm BnusiHue
CONPOTHUBIICHUS DPAa3PSIAHOTO PE3UCTOpa IEPECTacT CKa3bIBATHCS YKe

MeHee yeM depe3 0,2 cexyHIbI.
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Pucynok 10 —3aBUCHMOCTH OT BpEMEHH HANPSHKEHMI Ha KOHAEHCATOPAX
niepBoro (a), Broporo (6) # TpeThero (B) CIIOEB TPEXCIONHON H30ISIHH
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BriBOABI

1. C momompro wuHTErpupoBanHoro makera MATLAB (SimPower
System) uccie1oBaHbl MPOLECCHl B HEOAHOPOIHOM TPEXCIIOMHON 30 ISAIMI
NP M3MEHEHHWH CIIEIYIOMNX IMapaMeTpoB AWArHOCTHYECKOTO YCTPOMCTBA:
BHYTPECHHETO CONPOTHBIICHHUS WCTOYHUKA NMHUTAHUS, COIPOTHBIICHHUS H3MEpH-
TN HATPSDKCHUS W CONPOTHBICHHUS pa3pagHoro pesucropa. OmpeneneHs
MPENICITBHO JIOMYCTAMEBIC TI0 METPOJIOTHYCCKUM XapaKTEPHCTHKAM YCTPOMCTBA
3HAYCHUS 3TUX MAPAMETPOB.

2. YCTaHOBJICHO, YTO B IpOLECCE 3apsiaa HM30JIHMH HanpshKeHHe Ha
KOHJICHCATOPaX OT/EJBHBIX CIIOEB TPEXCIOWHON M30JIAIMU MOXKET BO3pacTaTh
(croii ¢ HamOOINBIIICH eMKOCTBIO) WM YOBIBAaTH (CNIOM ¢ HAMMEHbIIEH eMKo-
CThIO) 1O OKCIOHCHLIHMAIBHOMY 3aKOHY, a TAaKKe M3MCHAThCS 110
arepHOIHIECKOMY 3aKOHY (CJIOH CO CpeHel eMKOCTBIO).

3. TlokazaHo, YTO B MpOIECCe CaMopa3psiga TPEXCAOMHON H3OJISIIUH
HanpspKeHUE Ha CJI0€ ¢ MUHUMAIBHOM 3JIEKTPUUECKOM €MKOCTBIO TPH MajioM
3HAYCHUH CONPOTHBIICHUS M3MEPHTENS HANPSHKEHUS MOXKET W3MEHHTH CBOM
3HAaK ¥ U3MEHSTHCA 110 allePHOANIECKOMY 3aKOHY.

4. SPSwmonesnp Mo3BOJISICT UMHTHPOBATH MPOIECCH B PeallbHOM ycTa-
HOBKE JUIS M3MEPCHUS MapaMETPOB TPEXCIOWHOW H30JSIIUU TPU 3apsie,
camopasps/e U Py H3MEPCHUU BO3BPATHOTO HATIPSKCHHUS.
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MODELING OF SELF-DISCHARGE PROCESS
AND MEASUREMENT OF REFLEXIVE VOLTAGE
OF THE MAIN ISOLATION OF DISTRIBUTING TRANSFORM-
ERS IN SIMPOWERSYSTEMS (SPS) APPLICATION

Keywords: diagnosis of high voltage insulation , charge of absorption,
absorption current , voltage of self-discharge , recurrent voltage, time con-
stants of self-discharge, equivalent circuit of transformer isolation , SPS
model.

Annotation. The article describes an SPS model allowing imitate the
processes of a real setup for measuring of the three -layer insulation at a
charge, and self-discharge when measuring reflexive voltage. With the help
of an integrated package MATLAB (S mPower Systems) authors investigated
processes in an inhomogeneous three-layer insulation and the parameters
of the diagnostic device . It showns as SPS- model to simulate processes in
a real setting for measuring the three-layer insulation.
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