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1. IPEAUCJIOBHUE

YyebHoe nocobue mpeaHazHayeHo /I MOJTOTOBKM OaKallaBpOB, Maruct-
POB BJIEKTPOIHEPreTUUECKOTO Mpoduisi B cooTBeTcTBUU ¢ DenepanbHbIM rocy-
JAPCTBEHHBIM 00pa30BaTENIbHBIM CTAHIAPTOM BBICHIETO 00pa3oBaHUs IO, Mpe-
nycMmotpe HampasiaeHuto moarotoBku 13.03.02 u 13.04.02 «OnekTposHepreTuka
U DJICKTPOTEXHUKa»HHOMY yUEOHBIMU IJIAHAMU BBICIIETO Y4eOHOTO 3aBe/ICHUS,
3aHMMAIOLIErocs MOArOTOBKOM CIENUATNCTOB B 00JIACTH SHEPTETUKHU.

[Ipennaraemoe ydueGHOE MmocoOHMe OTpa)kaeT COAEp)KaHUE JIEKIMM, duTae-
MBIX JJ1s1 cTyeHToB HampasieHus noarotosku 13.03.02 u 13.04.02 «Dnektpo-
HHEPreTHKa U AJICKTPOTEXHUKA»: MPOPHIIb OATOTOBKU « DJIEKTPOCHAOKEHHE,

«HetpaguumoHHble ¥ BO3OOHOBIISIEMbIE HCTOYHUKU SHEPTUN,

«DNEeKTpUYecKre CTaHIuu» JUIs OakanaBpoB U «Pa3BuBaromyecs BbICOKO-
TE€XHOJIOTMYHBIE CHUCTEMBI 3JEKTPOCHAOXKEHUS» JUIsi MarucTpoB BCEX BHJIOB
0oO0y4yeHus - THEBHOT'O U 3a0YHOTO.

[enb naHHOTO Y4eOHOTO MOCOOUS — JaTh CTYA€HTaM HEOOXOUMbIE 3HAHUS
B 00JIaCTH aHajIM3a aBapUITHBIX PEKUMOB MPH IKCIUTyaTallMH AJIEKTPOIHEPTETU-
YECKUX CUCTEM.

VYyeOHOe nmocoOue BKIIIOYAET JIBE IJIaBbl. B mepBoil riiaBe paccMaTpuBaroT-
Csl METOJIbI PACUETOB TOKOB KOPOTKOTO 3aMbIKaHMS (K3) C MCIOJIb30BAHUE MPU-
kiagHoit nmporpammel  Elplek . Bo BTOpoil rinaBe paccMoTpeH pacuer nepexo/-
HBIX MporeccoB B DIC npu cuMMeTpuuHoM TpexdaznoM K3 ¢ ucnonabzoBannem
Matlab. B 3axnroyeHun npuBOAUTCS TaOIMIA CPABHEHHE PE3YJIbTATOB pacuera
TOKOB K3 KJJACCUYECKUM METOJIOM BPYUHYIO U ¢ momMonisio [IBM.

MeTtonnueckoe ykazaHue MpeAHa3HAYeHO AJIA pacuera TOKOB KOPOTKOIrO
3aMBIKaHMSI, KOTOPbIe HEOOXOIUMBI JIJIT BRIOOpA M TIPOBEPKHU DIESKTPOOOOPYH0-
BaHUs IO YCJIOBUSIM KOPOTKOTO 3aMbIKaHMsI, /ISl BEIOOpa YCTAHOBOK M OLICHKH
BO3MOYKHOTO JEHUCTBUS PEIIEMHOM 3a1IUThl U aBTOMaTUKH

B yuebnom mocoOuu panel kpatkue omnwucanus Elplek u cuctemsr
MATLAB R2014b (akamemuueckasi Bepcusi), cuctembl Simulink — rimaBHOTO
nakera pacumpenus MATLAB, peanusyroniero Bu3yaabHO 0JI0YHOE UMHUTAIHU-
OHHOE MOJEIMPOBAHME, KAaK CaMOro OOILEro, Tak U KOHKPETHOTO Ha3HAYEeHMUS,
cuctembl SimPower-Systems Specialized Technology — pacmpenust Simulink,
NpeHa3HAYEHHOW I MOJIETTUPOBAHMS AIEKTPOIHEPTETUUECKHUX U AIIEKTPOTEX-
HUYECKUX YCTPOUCTB.

[IpeacraBnen nmpumep pacyeTa K3 3JIEKTPOIHEPIeTHUECKOM CUCTEMBbI Ha-
npsbkeHueM Beie 1000 B, ¢ ucnonb30BaHUEM 3TUX NPOrPaMMHBIX MPOIYKTOB.
JlaHO KpaTKoe ONMKMCcaHue COOTBETCTBYIOMIMX OUOTUOTEK.
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2. PACYHET TOKOB KOPOTKOI'O 3AMBIKAHHUA
C IIOMOIBIO ITPUKJIATHOU ITPOI'PAMMBI ELPLEK

[Iporpamma npenHa3HavyeHa ISl PACYETOB BCEX BUIOB KOPOTKOTO 3aMbIKA-
HUS, & TAKXKE U1 CUMYJIIIAN JEUCTBUS YCTPOMCTB PEJICUHOM 3aIUTHI.

Elplek mMoxxer Taxke MCIOJIB30BaThCS IS pacyeTa PeKMMOB (ITIOTOKOpac-
npeaeneHus: MoutHocTel, load flow (anri.)).

JIOCTOMHCTB y mporpaMMbl MHOT'O, OCTAHOBUMCS JIMIIb Ha HEKOTOPBIX:

1. IIporpamma OecruiatHas (freeware);

2. ImeeTt 10CTaTOYHO MPOCTOM M MOHATHBIN HHTEp(EIC;

3. JIoBOJIbHO MIMPOKHI BBIOOP YCTPOMCTB peieHHON 3aluThl (TOKOBBIC
3amuThl, O33, TUCTAaHIIMOHHBIE U JP.)

4. M0O>XHO TIPOCJIEIUTh, KaK pearupyeT 3alluTa Ha BOZHUKAIOUIUE OBPEXK-
JICHUSL.

3a camoil mporpaMMoi U JOMOJIHUTEILHON MHPOpMalel 100po Mmoxano-
BaTh Ha ee callT. SA3bIk nHTEepderica - aHTTTUHCKHM.

s KpaTKOro 03HaKOMIIEHUSI C BO3MOYKHOCTSMH MPOrpaMMbl BO3bMEM 3a-
Jaqy, peIeHre KOTOPOil KITACCUYECKUM METOIOM 3apaHee U3BECTHO, U CPABHUM
C pe3yJibTaTaMU MPOTPAMMBI.

[Tpumep u3 kauru C.O. €pmonaes, B.®. fAkosnes, B.O. MynrsH, B.B. Ko-
3upcbkuid, . I1. Pagpko, FO.M. Kynenko IIpoekTyBaHHS cucTeM €lIEKTpOnocTa-
yaHHs B Anik Memnitonosns Jlrokc 2009 p.

Huxe npuBeneHa 3JIEKTpUYECKasl MPUHIMIUAIBHAS CXeMa Il JaHHOTO
npuMmepa, BeimosHeHHas B Elplek.
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Puc. 1. TlpuntmnuansHas snextpudeckast cxema nogctanmmu 35/ 10 kB
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Puc. 2. Pacuetnas cxema moacranmumu 35/ 10 kB
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r,=03400xm/ k1, = 0,460 0nef kar 7y = 085008/ kv

3amyckaem mporpammy Elplek, mnosiBisiercs okHO, B KOTOPOM, HCIONb3Ys
puc. 1, 2, cocTaBisieM pacyeTHYIO CXEMY ISl JAaHHOTO MTPUMEPA, BHIMOJHEHHYIO

B Elplek (puc. 3).
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Puc. 3. Pacuernas cxema mporpammsl Elplek

Kaxip1it 351eMeHT 3aJ1aeM CBOMM COIPOTHUBIICHHEM, KaK 3TO cJlieaTh, OyaeT
pacckaszaHo Ha OTAeNbHOU cTpaHulie. OTHAKO cpa3y CleAayeT 3aMETUTh, YTO CO-
MPOTUBJICHUS HE HYXKHO MPUBOJIUTH K OA3UCHBIM €IMHUIIAM, a PACCUUTHIBATH UX
JUTSI HOMUHAJIBHOTO HAIPSIKEHUST YCTAHOBKH 3JIEMEHTA, YTO OY€HB YJ00HO.

anee paccraBisieM Touku K3 u Bun K3.



2.1. Pacuér Toka Tpexdasnoro K3 B Toukax K1

[TepBas Touka K-1 (puc.4.) - tpexdasznoe K3 Ha mmne 35 KV u Haxxumaem
Ha kHonKy Short Circuit Calculation. Pe3ynbTat nosiBUTCS B OKOIIKE CIIpaBa.
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Puc. 4. PacuetHas cxema u pe3ynbTar pacuera Tpexdasnoro K3 B roukax K1

Pesynberatel B Elplek mpemocraBnstoTcst B Buie akTUBHBIX M PEAKTHBHBIX
COCTAaBIISIOIIUX TOKa / HanpspkeHus. be3 ocoboro Tpyaa HalaeM MOIYIb OJTHO-

ro ToKa: \/2059.72 +1569.52 = 2.59x10°.

2.2. Pacuer Toka aByx¢gasnoro K3 B Toukax K1

AHanoruyHeIM o0Opa3oMm paccuntaeMm Tok aByx(dasHoro K3 B toukax Kl
(puc. 5).

35kB
K1 10xB
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Puc. 5. Pacuernas cxema u pe3ynbraT pacdera nByxdasnoro K3 B Touxax K1



MoayJib TOJTHOTO TOKA: \/ 2024 4% +285.2% = 2.243x10°.

AHanoruuHbIM 00pa3oM paccyUTaeM TOKH Tpex(aszHOro u AByX(}a3HOro
K3 B Toukax K2 u K3.

2.3. Pacuer TokoB Tpex¢a3noro u asyxgasnoro K3 B rouxkax K2

2.3.1. Pacuér Toka Tpexdaznoro K3 B Toukax K2
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Puc. 6. Pacuernas cxema u pe3ynsTaT pacdera Tpexdasznoro K3 B Touxax K2
: \/ 2 2 _ 3
Monysib TOJTHOTO TOKA: \437.2° +2674.7° =2.71x10".
2.3.2. Pacuér Toka aByxdaznoro K3 B Toukax K2
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Puc. 7. PacuetHas cxema u pesynbTar pacuera aByx¢asnoro K3 B Toukax K2

Moynb OJHOTO TOKA: \/ 830.3% +2195.3% = 2.347 x10°.



2.4. Pacuer TokoB Tpex(aznoro u asyx¢paznoro K3 B toukax K3

2.4.1. Pacuér Toka tpexdaznoro K3 B Toukax K3
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Puc. 8. Pacuernas cxema u pe3ynbTar pacuera Tpéxdasznoro K3 B Toukax K3

MoayJib TOJTHOTO TOKA: \/ 260.2° +858.7° =897.257 x10°.
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2.4.2. Pacuér Toka aByxdaznoro K3 B Toukax K3
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Puc. 9. Pacuetnas cxema u pe3ynbrar pacyera aByxdassoro K3 B Toukax K3

MojtyJTh oJTHOTO ToKa: /566.92 +531.32 = 776.953x10°.
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Hwke npuBoasTCs mapaMeTphl 2JIEMEHTOB HCIOJIb3YEMbIX B PACUCTHOM
cxeme nporpammsl Elplek
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JIunuum (puc. 10, 11)

-

Transmission line

s
Transmission line

(o |

Fararmeters I Camage curve I

display: [ofkm| © | pu |Amp

FParameters | D amage n:uwel

display: |ofkm| © | pu |Amp

Length 228 | s1 |05 | Length |32 | «1 05 |
R1 |033 [Sfkm]|iZ1) |0,49853 R1 027 [k |21 |0,45404
¥ |0,371 e -

, (*)| 48,347 ¥1  |0,385 Wi (®)|53,508
RO (0,33 0 |1,3393 RO (027 Zoy [1,3052
0 [1,298 W0¢*)| 75,735 ®0 1277 LWn¢=)| 78,082
B |281E8 B [281E7
R1 |7,524 [52] =z [11,324 R1 |864 [Z2] [z |14,528
X1 |8 4588 i :

, (*)|48 347 ¥ |11,68 w1 (°)| 53,509
RO |[7,524 20 |30,536 RO (864 20 |41,767
X0 |29594 wo¢*)| 75,735 X0 |40,864 wog=)| 78,062
B |6,407e5 B |8897e6
ri |7524 [[pulllzy 11,321 ri [o00631 |[pU]liz1 |0,01061
x1_ |B4588 | . |UN()|48,347 x1_ |0,00853 | |UN()|53,509
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x0 |29,504 wWo¢®)| 75,735 x0  |0,02985 LWo(°)| 78,062
b 6,407e-5 |7 base = 1.0 02 b 6,568e-9 |7 baze= 13600 02

MVA -Base- kv

MVA -Base- KV

Ampacity limits [A]
a1 |az | a3 | e
0 0 0 0

Ampacity limits [A]
a1 a2 | a3z | ae
0 0 0 0

K. | Cancel Hint | pu calc|

Ok | Cancell Hint | pucalc|

Send damage curve to graph

Send damage curve to graph

Puc. 10
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B - # n
Transmission line u Transmission line | & | Transmission line | & |
Parameters I Damage curve I Parameters | Damage curve | Parameters | Damage curvel
display: |km| Q | pu |Amp display: [km| © | pu |Amp display: |Qflm| © | pu [Amp
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RO |0.3m Z0 |1,4498 RO [11838 | |20 |3,3841 RO [1,1838 Z0 [3.3841
X0 [1,3861 LLID{")| 74,354 X0 |31777 wwoi*)|69,885 X |37 LLI0()| 59,885
B |33e8 B |7,059e5 B |7,059e6
ri_[03s  |[pullz_|ossess i [11838 |[pully [14783 i [11838 |[pullzn [14763
x1 |038905 | . |W1(7)|45,584 x |ogosz7 |, . |wngn|3Ter x1  |090827 LM ()| 37,97
{0,391 jz0] |1,4488  |1,1838 1z0] |3,3841 rd |1,1838 =0 |3,3841
x0  [1,3961 LLID()| 74,354 x0  [31777 wwoi*)|69,885 x0  |31777 LLI0()| 59,385
b 33ef |Zbaze= 1002 b 7,059e6 |Zbaze= 1002 b 7.059e6 (Zbase= 100
[ |uva -Base- kvt | I |va -Base- i | [ wa -Base- wii |
Ampacity limits [A) Ampacity limits [A] Ampacity limits [A]
Al a2 a3 | aa Al a2 Az | e at a2z [as | ae
0 0 0 0 0 0 0 ) 0 0 0 0
0K | Cancell Hint | pucal| OK | Cancel]l Hint | pucald OK | Cancell Hint | pucal
Send damage curve to graph Send damage curve to graph Send damage curve to graph
Puc. 11
Tpancdopmartop
9 7 13 14 15 16 10000.0 0
vl Ve X Iosl R 0:1 Bgl Xgl tap +30? VAn Vsl Vs2 tmin tmax
35000 10000 20,8 1 3,2 1 0 0 0 0 2300 0 0 1 3
I'enepartop
123 37000.0 0
Vn Rs X fix' X" T " X0 ¥2 Xg' Xg" Tg' Tg" P Van pf Vs
37000 1 0 0,28 0,1 0,25 0,1 0,05 0,1 0,2 0,1 0,2 0,1 01 0,8 0
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3. MOAEJIMPOBAHHUE TOKOB KOPOTKOI'O 3AMBIKAHUA
B MATLAB R2014B + SIMPOWERSYSTEMS

Bseoenue. B yuebHOM mocoOuMM [aHO KpATKOE OMNHCAHUE CHCTEMBbI
MATLAB R2014b (akagemuueckass Bepcusi), cucteMbl Simulink — riaaBHOTO
naketa pacmupenuss MATLAB, peanu3ytoiiero Bu3yaibHO 0JIOYHOE UMUTAIIU-
OHHOE MOJICJIMPOBAHUE, KaK CAMOT0 OOIEro, Tak M KOHKPETHOTO Ha3HAYCHHUS,
cucrembl  SimPowerSystems Specialized Technology — pacumpenus Simulink,
IIPEIHA3HAYEHHOW U1 MOJIETTMPOBAHMS AIEKTPOIHEPTETUUECKHUX U DIIEKTPOTEX-
HUYECKUX YCTPOMCTB.

3.1. YcranoBka u 3anyck Matlab R2014b

Jlist ycranoku Ha [IBOM Ha nucke KoMmmbioTepa JOJDKHO OBITh CBOOOI-
Horo Mmecta He Menee 10.5 I'b. C umnTepHeTa ckayath mporpammy Matlab
R2014b. Ha pabouem ctose co3nath sipiasik Matlab R2014b.

3.1.1. 3anyck MATLAB u pabota B pexxume auajnora
Jlnia 3amycka mporpaMMbl HEOOXOUMO Ha paboueM CTOJIE HAWTU  SIPIIBIK

MATLAB u menkHyTh ero nBa pa3a. Uepe3 2-3 MUH Ha paboueM CTOJIE TMOSB-
JsieTcs 3acTaBka (puc. 12).

R2014b

R2014b (8.4.0.150421)
64-bit (win64)

September 15, 2014
License Number: unknown

J MathWorks-

Puc. 12. 3acraska Matlab R2014b
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Eme depes 2-3 MuUH MOSBUTCS OCHOBHOE OKHO paboueil  cpejbl
MATLAB (puc. 13).

o

EDTOR PUBLISH

r L 1, New Variable A Code o] ‘ny fRC i
uﬂ—' l:(Ll:I 'Lj Em Find Files. &4 bﬂ i Newvana = L -E_E; E @ Preferences L”) e et
Djr Open Variable ¥ é} Run and Time: . i:) Request Support
New New Open || Compare Import Save Simulink  Layout \SI Set Path Help
Script v - Data Workspace E}cmwmu ~ | Clear Commands ~  Library - - ral_ljmors'
FILE VARIABLE CODE SIMULINK ENVIRONMENT /\ < RESOURCES
LCl sl » C:» Users » User * Documents * MATLAB * Met ykaz MATLAB TTaHenh HHCTpY- r
[# Editor - Untitled ® x  Workspace | yeurtor (Toolstrip) =
2 (o]
Name Untitled + Name Value =
#) Exampel_1_1_CebKabGGTAm| 1 = ¥
Oxuo Editor
Oxuo Current Folder (Owio penaxtopa) Oxno Workspace
(Tekymas manka) (Pabouas obnacts)
Command Window ®
X >> N
Details v f' Command Window d I 2
(OxnO KOMaHT) Command History ®
Details (ITogpobroctu o f= [1+1il N
thaiine, BbIZICIEHHOM B OKHE | N
Current Folder) h=2-14 Oxso Command History
(Mcropus xomaH)
compad
Ready

Puc. 13. OcaoBHoe okHO paboueri cpensi MATLAB

OxHo coaepxuT: cTpoky 3aroioBka (MATLAB R2014b); Toolstrip
(ITanens wuncTpymMenTtoB); Command Window (Okxno komanm); Workspace
(Pabouas o6Omacte); Current Folder (Texymas manka); Command History
(Ucropuss komann); Details (ITompoOHOCTH 0 (haitiie, BBIICICHHOM B OKHE
Current Folder). Ha manenu unctpymenToB (Toolstrip) pacmonararotes mecthb
Bianok — HOME (I'maBnast), PLOTS (I'paduxu), EDITOR (Penaxtop),
APPS (ITpunoxenus ), PUBLISH (Ony6nukoBats) u VIEW (Bun).

3.2. CoctaB oubaunorexku Simulink

bubmuoreka Simulink mpeacrtaBaser coOoit Ha0Op pa3IUYHBIX BU3Y-
anbHbIX OmokoB. Jlng JocTyma K HUM  HEOOXOAMMO HaXKaTh KHOIIKY
Simulink Library na manemu mactpymentoB MATLAB (puc. 13). Ilpu stom
MOSIBJISIETCST OKHO Opay3epa (o0Oo3peBaressi, HaBUTATOpa, MPOTpaMMBbI TMPO-
cMOTpa) OMOTMOTEKH, MPeICTaBIIEHHOE HA puc. 14.

OKHO COJIEPAKUT CIAEAYIOIINE DIEMEHTHI:
1) 3arosioBok, ¢ Ha3BanueM okHa — Simulink Library Browser.
2) TlaHenb MHCTPYMEHTOB, C SIPJBIKAMH HAHOOJIEE YacTO MCIOJIb3YEMBIX
KOMaH/I.
3) OKHO KOMMEHTapHs s BBIBOJA IOSICHSIONMIETO COOOIICHHS O BBI-

OpaHHOM OJIOKE.
4) Crucok pa3zieioB OHOJMOTEKH, peali30BaHHBIN B BHJIC JIepEBa.
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5) OkHO coaepKUMOro pasjesna OMOIMOTEKH (CIHUCOK BIIOKEHHBIX pas-
JIeJI0B OMOJIMOTEKH WU OJIOKOB).

e B

ﬂ Simulink Library Browser

-
< Enter searchte.. v A v Bl vy | & @

Simulink 3]
[ 4 ERTTT S -
Commonly Used Blocks 3 IV\- An |
Continuous EI £ ’ [
Discontinuities
Discrete Commonly Continuous  Discontinuities Discrete
Logic and Bit Operations Used Blocks
Lookup Tables
Math Operations s = -+ -
Model Verification § s - - X
Model-Wide Utilities
Ports & Subsystems Logic and Bit Lookup Math Model
Signal Attributes = Operations Tables Operations  Verification

Signal Routing

Sinks n# ?
Sources e E I'IE

User-Defined Functions

D Additional Math & Discrete Model-Wide Ports & Signal Signal

> Embedded Coder Utilities Subsystems  Attributes Routing

> HDL Coder

b Simscape o 1 -

> Simulink 30 Animation FI0s ’3}% E h

> Simulink Coder |

> Simulink Extras Sinks Sources User-Defined Additional Math
Stateflow v Functions & Discrete

< | I [P

Puc. 14. Paznensl 6ubnmumoreku MATLAB R2014b

Hwxke mpeacTaBieHbl HEKOTOpPbIE pas3feiabl W OJOKM OHMOJIMOTEKH
Simulink (puc. 15), ucronb3yembie Ipu pacuyeTe KOPOTKUX 3aMbIKaHHUH .

[Tonubiil nepeuens Oi0koB goctyneH B Help. s ero nomyyeHus nocra-
TOYHO JIBa pa3a IEIKHYTh MO JI0O0OMYy OJOKY M B OTKPBITOM OKHE Iapa-
MeTpOB 0J10Ka HaxkaTh kHOTIKY Help.
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Sinks — MpHeMHHKH CHTHAJIOB

1 E Display Hudposoii qucreii.

] Floating -
2 Scope «[InaBaromuit» ocuusuiorpad.
3 > Out1 BeIxoHOi# 1opT.
4 L] Scope Ocuumorpad.
5 Stop B

Shruiation JIOK OCTAHOBKH MOJIE/IUPOBAHUS.

6 | >»—| Terminator KoHI1eBO# IPHEMHUIK.
7 >untited.mat| To File bnok 3anucu B daii.

bnok 3anucu B pabouyro o061acTsb
MATLAB.

8 |3 simout | To Workspace

9 | I xv Grap I'padomnocTpouTes.

Puc. 15. Pa3znensr oubmuoreku MATLAB R2014b

3.2.1. Co3nanue, penaktupoBanue u 3amyck Simulink moaenu

Jns co3panus Simulink Mozenu Haxkumaem kHomky New model na-
HEJIM UHCTPYMEHTOB OKHa Opay3epa (IporpaMmbl IPOCMOTpa) OUOIHOTEKU
Simulink Library (puc. 13). K anamorngyHoMy pe3ynbTaTy HOPHBOIAT IEHUCT-
Busg ¢ BKianku ocHoBHoro okHa MATLAB: HOME [ New [J Simulink
Model. Ilpu sToM co3maercs MycToe OKHO ¢ Ha3BaHueM aitma untitledl
(puc. 16).
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i B
o T e
File Edit Yiew Display Diagram Simulation Analysis Code Tools Help

%- 8 Ee-=- Z R D @
untitted1

@ Hide/show Explorer Bar unh’ﬁedl

Q Zoom
[EZ Fit to View
—t Sample Time

Annotation

Image

Viewmark this View
|E_E| Viewmarks

¥ Hide/Show Model Browser
Ready 1003 oded5

"i example_1_8 * lilﬂﬂ
File Edit View Display Diagram Simulation Analysis Code Tools Help

=] ]| = " = [
IEI' B8O vv k!)' 0.04 ))(.__})vv
example_1_8 ﬁ
@® |[Palexample_1_8 B v
@
€3
=
a3
Ready 100% oded453

Puc. 16. OkHO [1st co3manus u coxpanenus Simulink

CoxpansieM 53Ty MOJENb B HOBOM Mamke, HampuMmep, example 1 8, mox
JIpyruM Ha3BaHMeM, Hampumep, example 1 8, ¢ pacmupenuem *.slx wnmm
*.mdl.

Jl51s 3TOrO MOCIeA0BaTENbHO HAXKMMaeM Ha MaHenu HHCTpymeHToB File [
Save As... u T.a4. Ciaegyer OTMETHTb, YTO HCIOJIb30BAaHUE KUPWIIULBI B
Ha3BaHUU (aila, Manku Wik BO BCEM MyTH K (ailily MOXKET CTaTh MPUYUHOM
MOSIBJICHUS OITMOKY MPU COXpaHEHUU Mojenu B daiiie ¢ pacuupernuem *.mdl
(He coBmamaroT K0/10BbIE CTpAaHUIIBI OTiepaniuoHHOM cructembl 1 MATLAB).
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3.3. SimPowerSystems
3.3.1. Cuctema mozxenupoBanus SimPowerSystems

JIist  MonIenmupoBaHMS DIIEKTPOIHEPTeTUYECKUX CHCTEM, a TaKkKe YCT-
POWCTB 3JICKTPOTEXHUKH M MPOMBIIUICHHON 3jekTpoHuku B Matlab ucmosns-
3yercs nakeT pacuuperus SimPowerSystems.

B »osToM mnakere wumerorcs OJIOKA OOJBIIMHCTBA AIEKTPOTEXHUUYECKUX
AJIEMEHTOB U YCTpOMCTB: TpaHchopmaropoB, JIDII, CHHXPOHHBIX TeHepaTo-
POB, ACHHXPOHHBIX JBUTATENed, MOJYIPOBOJHUKOBBIX 3JIEMEHTOB, IpeolOpa-
30BaTelieid, U3BMEPUTETHHBIX TPUOOPOB U T.]I.

Metonuka mnoctpoenus mojenet SimPowerSystems mnpakTH4YecKu He
OTJIMYAETCSI OT MeTOAuKH TocTpoenus Simulink momeneit. 1 B ToM, u B
JIPYrOM CJIy4dae HCIOJB3YIOTCA OJOKH, KOTOPbIE COETUHSAIOT MEXIY COOOM.

Otrnmmuue K€ 3aKIiodacTcs B TOM, 4TO B MoAeiasx Simulink 310 nu-
HUU Tiepellayd curHaiga, a B wmozensx SimPowerSystems JvHUUM — HEKHe
BUPTYyaJIbHBIE TTPOBOJHUKH, MO KOTOPHIM IPOTEKAECT BHPTYAIbHBIA TOK. J[iis
U3MEPCHHSI JTOTO TOKa MCIOJB3yeTCs OJOK HM3MEpPUTENs TOKa, KOTOPBIU
MOJKJIIOYAeTCsl B pPa3pblB MPOBOJHUKA (JIMHMM), a CUTHAJI C A3TOro OJoka
MOCTYIaeT Ha ocHuiorpad, AUCIUICH Wi UHOU 010K paciupenust Simulink.

Takum oOpa3zom, 3TH ABa 0JIOKa OYEHb TECHO CBSI3aHBI MEXIY COOO.
Oco06oe BHMMaHUE HEOOXOAMMO YIEIUTh U3YYCHHUIO OOIIMPHON OMOIMOTEKU
SimPowerSystems.

3.3.2. Co3nanue, peaakTUpoBaHuUE U 3amyck Moaenu SimPowerSystems

[MTocne 3anycka Matlab R2014b, xak ObL10 ommcaHo BEIlIE, HAKUMAaeM Ha
MaHelId WHCTPYMEHTOB KHomMKy Library Browser, B MmaHen HHCTPYMEHTOB
OoubimoTekn HaxkuMaeM Ha KHoOmKy New model. IIpu aToM co3gaercs mycroe
OKHO ¢ Ha3BaHueM (aiina untitled (puc. 17).

o e i SR e T
- -

File Edit View Display Diagram Simulation Analysis Code Jools Help

= - 8 e G- = S+ o @ - & -

untitled | Simulation mode l

@& HidefShow Explorer Bar @unhﬂed -

&), Zoom

[E3 Fit to view

—£ Sample Time
Annotation

|ES| Image

@ Viewmark this View

[ Viewmarks

» Hide/Show Model Browser
Ready 100% oded5

Puc. 17. OkHO cOXDaHEHNE MOIIETH
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CoxpaHuM 3TO OKHO B HOBOW marke, Harpumep, examplelO, mox Ha3Ba-
Huem examplelO, ¢ pacmmupenuem daitna *.slx wmm *.mdl. s sToro Haxwu-
MaeM Ha naHenu uHctpymentoB File [J Save As... u T.1.

Crnenyer emnie pa3 HalOMHUTb, YTO HCIOJIb30BAHUE KHUPWJUIAIIBI B Ha-
3BaHMM (haiisia, TManKyd WIA BO BCEM MYTH K (aitily MOXKET cTaTh IPUUUHOM T10-
SIBJICHHSI cOOOIIeHns 00 ommOKe Mpu CcoxpaHeHUW mMojenu B gopmare *.mdl
(He coBmanaroT KOAOBBIE CTpaHUIII onepaliuoHHON cuctembl U MATLAB).

[Tocne aToro mepexoamm K OokHy OumbOmmorexku OmoxoB Library Browser,
€ClIi OHO HE MEPEKPBHITO IPYTMMH OKHaMH. B mpoTUBHOM ciydae, Ha MaHEIH
MHCTPYMEHTOB OKHA MOJIEJIH CclieAyeT HaxkaTh KHOmKy Library Browser u 3a-
KpPEIUTh €ro TIOBEPX OCTAIBHBIX OTKPBITHIX OKOH, Ha)XaB Ha KHOMKY Stay
on top.

B cmnmcke pasnenoB OMOMMOTEKHM MEpeXoauM K mamke Simscape
—SimPowerSystems —Specialized Technology — Electrical Sources (puc. 18).

= Simulink Library Browse?

FoundstonLbrary  SmDrwelne Smfectronics  Sevydrauics Smiecharcs  SmPonerSystems Ubites

Puc. 18

B stom paznene (mamke) BbIOMpaeM HMCTOYHUK IMEPEMEHHOTO HampsiKe-
auss AC Voltage Source (Alternate Current — mepeMeHHBIH TOK) U mepe-
TaCKMBa€M €ro B OKHO MOJIENHU.

Jlnst w3mepenust Toka Ham moTpeOyetcs Oiok Current Measurement,
KOTOpPBI HaxXOoJuTCs B pasfene Measurements. DTOT OJIOK TaKKe MEepeTacKu-
BAa€M B OKHO MOJIEIH.

brnok wu3Mmepenuss toka Current Measurement mpu €ro BKIIOYEHUU B
nenb SimPowerSystems BbIpabaThIBa€T CUTHAJ, KOTOPBIA MOXET MOJ1aBaThCS
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Ha J00oi mpuemHHMK pacmmpenus Simulink. OctanHoBuM cBoW BBIOOp Ha
O1oke Scope u nmepeHeceM ero u3 OMOINOTEKH B OKHO MOJICIIH.

B nmanHOM ciydyae TOK KOPOTKOTO 3aMBIKaHUSI OTPaAaHHYMBAETCS TOJIBKO
AKTUBHO-WHIYKTHUBHBIM COTIPOTHBIICHHEM KOPOTKOTO 3aMbIKaHUs TpaHchop-
MaTopa. B CBsI3W ¢ ATUM, TpU CO3JAHUH MOJICIH BOCIIOJIB3yeMCs OJIOKOM
Series RLC Branch (mocnemoBarensnas RLC BeTBb), KOTOPBINM HAXOAHUTCS B
pasnene Elements.

[Tockonpky Omoku SimPowerSystems otnuyaiorcs oT 0siokoB Simulink,
TO OTJIHWYAIOTCI M CHOCOOBI WX MOAKIIOUueHus. Tak, B Oiokax Simulink
BBIXOJI U BXOJl 0003Ha4YeHbl TpeyrosbHUKoM "[1" u 3Hakom Oombiie ">", T.c.
CUTHAJI TIepenaeTcs OT BBIXOJa K BXOIY.

B Onokax SimPowerSystems yciaoBHbIE KIE€MMbl ISl TMOJIKIIOYCHUS
os0koB SimPowerSystems 0003HaueHbI KBagpaToMm "O".

[Tocne Toro, xak Bce OJIOKM COEIUHEHBI, BBOAUM M3 MOJCIUPYEMOTO
npuMepa (puc. 16) B COOTBETCTBYIOIIME OJOKM 3HAYCHUS HANPSHKCHUS CETH
U TapaMeTpbl KOPOTKOTO 3aMbIKaHUsS TpaHchopmaTopa.

VYcranaBnmuBaem Bpems pacuera 0,1 c. [lns paboThl Moaenu HEOOXOIUMO
YCTaHOBUTH €11€ OJMH OJIOK, KOTOphIM Ha3biBaeTcss Powergui block u Haxo-
nutcst B pazaene Specialized Technology.

Kak u B ciiydae ¢ Simulink He06X0MMO yCTaHOBUTH B peliaTesie

MakcuMasibHbIN mmar pasHbii 0,0005 c.

Hwmwke 1mokazanbl  OJ0KM  OMOIMOTEKHM B TIAMKe Simscape
—SimPowerSystems ~ —  Specialized  Technology @ —  Electrical
Sources,kotopsie OyAyT HCTIOIB30BAaHBI IS CO3MaHUs Mojenu pacuere K3 B
paccMmarpuBaeMoM mpumepe (puc. 19 - 22).
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-
<@ = Entersearchterm - h = m 3| = ®

Simscape/SimPowerSystems/Specialized Technology

4 Simscape
Foundation Library 1
SimDriveline ﬂ T
SimElectronics
SimHydralics Application Control and Electrical
SimMechanics Libraries MeaLs_Erements Sources
4 SimPowerSystems hrary
Simscape Components —
. - O
[» Application Libraries =
Control and Measurements Libra Elements Interface Machines
Electrical Sources Elements
Elements
Interface Elements
[» Machines W * ‘ powergul ‘
Measurements -
Power Electronics Measurements Power powergui
Utilities Electronics
Recently Used Blocks
4 L1 3

Puc. 19
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-
€@ o Entersearchterm - ‘%l w7 ﬂﬂ, 3|+ @

Simscape/SimPowerSystems/Specialized Technology /Electrical Sources

4 Simscape M M
Foundation Library @ @
SimDriveline = =
SimElectronics AC Current Source AC Voltage Source
SimHydraulics — :
SimMechanics <m s
4 SimPowersystems Battery Controlled Current Source
Simscape Components = a
4 Spedialized Technology ﬂT—
[> Application Libraries o a

Control and Measurements Libral | Controlled Voltage Source DC Voltage Source

Elements "“@‘“ W'

(1] cla

Interrace Blements Three-Phase Three-Phase Source

I Machines Programmable
Measurements Voltage Source
Power Electronics

Utilities
Recently Used Blocks
4 I k

Puc. 20
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= Enter searchterm  » A «| Pl ~ 3 E 2

Simscape/SimPowerSystems/Specialized Technology /Elements
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4 Simscape
Foundation Library
SimDriveline
SimElectronics
SimHydraulics
SimMechanics
SimPowerSystems
[* Simscape Components
4 Spedalized Technology
[ Application Libraries
[* Control and Measurements Library
Electrical Sources
Elements
Interface Elements
[ Machines
Measurements
Power Electronics
Utilities
Recently Used Blodks

| W v e

Connection
Port

Grounding
Tranzformer

=

Linear Transformer

1scape/simPowerSystems/Specialized Technology /Elements

m

Simscape
[ Foundation Library
SimDriveline
SimElectronics
SimHydraulics
SimMechanics
SimPowerSystems
[+ Simscape Components
4 Spedalized Technology
[»  Application Libraries
[* Control and Measurements Library
Electrical Sources

k7 F T F

Puc. 21

SUTE AT STET

Three-Phase Breaker

ok

Three-Phase
Diynamic Load

a4
L]
ol

Three-Phase Fault
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als da | r o : ——
|—ﬁ |-| il,-lw-n o wi LRl am -
,I =l -'c\ - = T -‘: — "
Three-Phase Source Three-Phase Fault Meutral Port Three-Phase Distributed Parameters Line

V-I Measurement

. " = " 1 E. T
D,..,.IED. ! e -+ S i; - J "__Gg'
- 1 wowP A

L]

Three Element Demux Load Flow Bus Three-Phase Transformer Three-Phaze Three-Phase
Inductance Matrix Type Transformer Transformer
(Two Windings) (Two Windings) (Three Windings)
da P A . [ ;:': oh
o T g (1) [olg £ ]
Three-Phase Breaker Breaker Connection Multimeter Paower
Port {(PLL-Driven,
Positive-Sequence)
f i < o e o
N —t Clm
Open Circuit Floating Meutral Phase Splitter Three-Phase

Programmable

Wmlbmms Crirma

Puc. 22
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3.4. MojeMpoBaHHe PacyeTa TOKOB KOPOTKOTO 3aMbIKAHHS NOACTAHIHH
35/ 10 kB ¢ nmomomnio Matlab R2014b u 610koB SimPowerSystems

JI-1 Jlo PTIINel (JDK1) cl 12 Jlo PTIINed (

C
CMI(CMK)-3-ITY 5
3aropoukysay L1

B3-600-1,25

1
Po3’eanysay :
PJ1 3,1-35/1000Y XJ11 3 npusoaomM — QSG1 QSG2
P 3,1¥YXJI -=a
[ |1
i QSG3 14
Tpaucdopmarop @ TV2 S g
HanpyTH ) [ [
3HOMII-35-V1 :__ L
Po3s’ennysay i ”
PJ1 3,1-35/1000YXJ11 3 npHBOAOM - QsG4 — 1%03’0? :‘ :"r;‘;“'“p
1P 3,1¥XJ | Povennysay  |cipymy B cTpyMy
I PI3,0- Td3M- BT TdIM-

i 35/1000Y X011 | 35A-0,5/P35/800- | 35A-0,5/P-
Binoxpemmnosas N 75y1 12,51 _{ 75v1
OJ1-35/630Y1 3 npusoaom [PO-1-Y 1 é\ QR Q ow

|
KopoTkosaMukau \J/ I ]
KPH-35Y1 3 npusozom MPK-1-Y1 l i TIIT-0,5
1
Pospanunk FV1
PBC-35 ] I |
TpaHcdopmaTop CTpyMy |
TBT-35-/P-300Y2 ﬂ: T E{: TA4-TA6
Tpancopmarop
TMH-2500-35/10 3 PITH-9 VI
(PHTA-V¥-35/12,5)
Pospansxuk Fv2
rRO-10 | =
36ipHi wKKK
T T 1
BumuKay Qw11 Qw1 QW3. FU4.l |Qws.] pw7.1
BB-10Y-20/630V3
TAlLI- ITA2.1- TA3I- [TAS.)- TA7.1-
TAl2 TA22 TA32 [1As2 TA72
Tpancdopmarop
CTpyMY
TIL1-10-0,5/P-150Y2
L ; L _
Jasemioi0un Q811 Qs2.1 Qs3] TV4! 085.1 Qs7.1
HOXH Q84.1
Mpu3Hauenss wahu Bxiana Bxiam Bao; BN Bxinna TH Bxiana
aiwia | ninin 2 JliHig 3 NiHiz 4
3ano0iKHHKK NKT-10-12,5Y1 NKT-10-12,5¥1
Tpaucdopmaropn TILU-10- TIU-10- TIUI-10- s TTUI-10- TI1)1-10-
pancopuETOp 0.5/P-150¥2 | -0.5/P-150¥2 | -0.5/P-300y2 | TM-25-10004} 4 5p_150y2 | SHMH-10-Y2 | o 5p_150v2
Twn qapyskn IBB3-10- |IlIBB3-10- | IUBB3-10- i 1IBB3-10- | LUICT3H-10-400- | 1IBB3-10-
P 630-01 630-01 630-01 HICT3-10-25 | 630.01 ~15 630-01

Puc. 23. [IpuHImnransHas 31eKkTpuueckas cxema nojacranimu 35/ 10 kB
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C2 (JDK2) 12 e

KB AC-120
320 \jﬂu
I, =412k4 % =0,3650Mm/xn &
ry =0,270m/ kM r—

C1 (JUKT) JI-1

35kB
- | AC95__{
22.8

SU) =352MBA x, =0,3710m/ kM
1, =03300Mm/ kM

Puc. 24. PacuerHas cxema noacraduuu 35/ 10 kB

3.4.1. Cxema mozenu pacueta Tpexdaznoro K3 B 1. K1
nojictanimu 35/ 10 kB

.,
35z
1.012pu
cEz 16.25deg
Al L o m— alza  Als cm
L s~ P m— c C 2 A |
260 VA Line 2 a ":?-F-'ig" |
B RV {AC120 32 km)
B1
TH1
CB1
A —_— 3 A i | <€ m e
Fault
L] —— X
cp——«—————————a-—— © c | Breske
250 MVA Line 1
A5 EV1 {ACS5,228 kmj
Discrete, Scopes
Ts=5=-05s.
Data Acquisition
The "Model initialization function® defined in the
Model Properties automatically sets the sample time Ts Three-Phase Series CDmpEnsatEd Network

to B0efs

Puc. 25. Cxema pacueta Tpexgaznoro K3 B 1. K1 noncranuuu 35/ 10 kB
B COOTBETCTBUHM ¢ pucyHKamu 19 - 23
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r B
"4 Block Parameters: 250 MV:&BH(V‘. =S ([~ Block Parameters: Line 2 20k N [

Three-Phase Source (mask) (link) Distributed Parameters Line (mask) (link})

Three-phase voltage source in series with RL branch Implements a N-phases distributed parameter line model. The rlc
) parameters are specified by [MNxN] matrices.

Parameters Load Flow To model a two-, three-, or a six-phase symmetrical line you can

K either specify complete [MxN] matrices or simply enter sequence
Phase-to-phase rms voltage (V): parameters vectors: the positive and zero sequence parameters for a
(35000)*0.98865 two-phase or three-phase transposed line, plus the mutual zero-
: sequence for a six-phase transposed line (2 coupled 3-phase lines).

Phase angle of phase A (degrees):

Parameters
0 Number of phases [ M ]:
Frequency (Hz): 3
50 Frequency used for rlc specification (Hz):
Internal connection: [Yg hd 50

Resistance per unit length (Ohms/km) [ MxM matrix ] or [ r1 r0 rom J:

Specify impedance using short-circuit level
. P fy P 8 [0.365 0.27]

3-phase short-circuit level at base voltage(VA):

Inductance per unit length (H/km) [ NxN matrix ] or [ 1110 10m ]:
250e6 [0.9337e-3 4.1264e-3]

Base voltage (\rms ph-ph): Capacitance per unit length (F/km) [ MxM matrix ] or [ c1 0 cOm ]z

35e3 [12.74e-9 7.751e-9]
¥/R ratio: Line length (km):
12 32.0
Measurements [None hd
ok | [ cancel |[ Help || Apply [ ok [ cancel |[ el Apply

Puc. 26

,
v e i T ) e T
| PEFDRSRTTI

Distributed Parameters Line (mask) (link)

Three-Phase VI Measurement (mask) (link)
Implements a N-phases distributed parameter line model. The rlc

RIS e A Srewes by [ i Ideal three-phase voltage and current measurements.

To model a two-, three-, or a six-phase symmetrical line you can The block can output the voltages and currents in per unit values or in volts
either specify complete [NxN] matrices or simply enter sequence and amperes.
parameters vectors: the positive and zero sequence parameters for a
two-phase or three-phase transposed line, plus the mutual zero- Parameters
sequence for a six-phase transposed line (2 coupled 3-phase lines).

Voltage measurement lphase—to—phase -
Parameters

Use a label

MNumber of phases [ M ]:

Signal label (use a From block to collect this signal)

3
Vabc_B1
Frequency used for rlc specification (Hz):
50 [7] voltages in pu, based on peak value of nominal phase-to-ground voltage

- Voltages in pu, based on peak value of nominal phase-to-phase voltage
Resistance per unit length (Ohms/km) [ MxN matrix ] or [ r1 r0 rOm ]:

[0.371 0.33] Current measurement [yes -
Inductance per unit length (H/km) [ MxN matrix ] or [ 11 10 10m ]: Use a label

[0.9337e-3 4.1264e-3] Signal label (use a From block to collect this signal)

Capacitance per unit length (Ffkm) [ MxN matrix ] or [ c1 c0 cOm ]: Iabc_B1

[12.74e-9 7.751e-9] [7] currents in pu

Line length (km): Nominal voltage used for pu measurement (Vrms phase-phase) :

22.8 35e3

Measurements [None - Output signals in: | Complex -

| oK |[ Cancel ][ Help Apply oK ” Cancel H Help Apply
_—_— e U UdUdU/—

Puc. 27
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F ™

Three-Phase Breaker (mask) (link) Three-Phase Fault (mask) (link)

Implements a fault (short-circuit) between any phase and the ground.
When the external switching time mode is selected, a Simulink logical
signal is used to control the fault operation.

Implements a three-phase circuit breaker. When the external
switching time mode is selected, a Simulink logical signal is used to
control the breaker operation.

FParameters
FParameters
Tnitial status: 0|
Initial status: ’cl.osed -3 ol el
Switching of: Phase A Phase B Phase C [ Ground
v v v
hasels BhasclB Hizeat Switching times (s): [1/50 5/50] [T External
Switching times (s): [5/50] [C] external Fault resistance Ron (Ohm):
0.001

Breaker resistance Ron (Ohm):
Ground resistance Rg (Ohm):

1

0.001

SIUETE) FEEEREE fE (Olm) ¢ Snubber resistance Rs (Ohm):

1e5 inf

Snubber capacitance Cs (F): Snubber capacitance Cs (F):

inf inf

Measurements [Breaker currents - Measurements |Fault currents e
[ o [ cancel |[ mep Apply [ ok [ concel ][ bep Apply

Puc. 28

PesynbraT pacuera TpexdazHoro kopoTkoro 3ambikanus B T.K1 (puc. 29 - 33).

Wabc B1
Vabc B1 {pu
From2
labc B1
labe B {pu T D0 wAY
From3
- |z Fault {A)
Muttimeter
Puc. 29

<
\i_Source Block Parameters: Fm Mwwm Block Parameters: Fm M

From From

Receive signals from the Goto block with the specified tag. I the tag Receive signals from the Goto block with the specified tag. If the tag

is defined as 'scoped' in the Goto block, then a Goto Tag Visibility is defined as 'scoped’ in the Goto block, then a Gote Tag Visibility

block must be used to define the visibility of the tag. After 'Update block must be used to define the visibility of the tag. After 'Update

Diagram', the block icon displays the selected tag name (local tags Diagram', the block icon displays the selected tag name (local tags

are enclosed in brackets, [], and scoped tag names are enclosed in are enclosed in brackets, [], and scoped tag names are enclosed in

braces, {}). braces, {}).

Parameters Parameters

Goto tag:  Vabc_B1 * | UpdateTags Goto tag:  Tabc_B1| + |UpdateTags

Goto source: powerl 2 13phseriescomp/B1 T.K1 /Vabc Goto source: powerl 2 13phseriescomp/B1 T.K1 /Tabc

Icon display: ITag '] Icon display: [Tag ']
o [ concel | [ b || sorly o J[ concel J[ melp | ol

Puc. 30
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4| powerl_0_lphseriescomp/Data Acquisition/Multimeter =N X
Help L]
Available Measurements Selected Measurements
Ib: Fzult Breaker/Fzult & ~ Ib: Fault Breaker/Fault A -

Ib: Fsult Breaker/Fzult B
Ib: Fault Breaker/Fault C

Ib: CB3/Brezker & =
Ib: CB3/Brezker B

Ib: CB3/Breaker C

u

d

Down

]

Remove

[

+1-

Plot selected measurements after simulation

Magnitude

Update Close

Puc. 31

=28 a<wids% Das

Vabe B1 (pu)

labe Fault (A)

Puc. 32
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[4.| 'BUS B1" properties:

Title ("%<=SignalLabel=' replaced by signal name):
|2e<SignalLabet= |

[ ok || cancel || appy |

Pnc. 33

AHaNOTUYHO BBINOJHIEM OIEpaluu A pacuyera JIByx(ha3HOro KOpOTKOTO
3ambikanus B T.K1 (puc. 34, 35).

& B
4 Block Parameters: Fault Breaker [

Three-Phase Fault (mask) (link)

Implements a fault (short-circuit) between any phase and the ground.
When the external switching time mode is selected, a Simulink logical
signal is used to control the fault operation.

Parameters

Initial status: 0|

Fault between:
Phase A Phase B (] Phase C ("] Ground

Switching times (s): [1/50 5/50] [] External
Fault resistance Ron (Ohm):
0.001

Ground resistance Rg (Ohm):
1

Snubber resistance Rs (Ohm):
inf

Snubber capacitance Cs (F):
inf

Measurements [ Fault currents > ]

[ ok ][ cancel |[ melp || apply

Title ("%e<SignalLabel=" replaced by =ignal name):
|%-=:SignalLahel:= |

oK || cancel | | Apply

Puc. 34



Vabe B1 (pu)

labe Fault (A)

Time ofiset: 0

Puc. 35. Pesynbrat pacdera aByx(a3HOro KOpoTKOro 3ambikanus B T.K1

3.4.2. Pacuert tpexdaznoro K3 B 1. K1, K2, K3

. 5 10K
C2 (JTK2) 712 3548 -
IKB__Ac-120 y |
( ) D 320 /Kl 0 ’—D_Cp
i . THM-2500/35Y 1 o
10 =412kd %, =0,3650x/ku ._D._ | ; ?;
r,=0270xlen 1 3 95 | A0 ] ACS K3
- el Lis T 2: T g A
€1 oK) 35xB Il = Sy = 250084 4v".. =0,3470m/ km x, = 0,3590x( km x, = 0,4030m/ kv
?)(_;;)5\ o, =6,5% 1y = 034000t/ k2t 1, = 0,4600m/ knm 1, = 0,850 0w/ xemt

S =352MBA x, = 03710M/ kn

Puc. 36. PacuéTHas cxema

A a | a
E%; N =y
e 5%e <
ZELNVA B2 cE2
IOV TK2
Bres
The "Model initialization function” defined in the
Medel Properties sutomatically sets the sample time Ts Three-Phase Series Compensated Network

to50e8s

Puc. 37. Ilonnas cxema monenupoBanus pacuera Tpexgasznoro K3 B 1. K1, K2, K3
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F [ B
*4 Block Parameters: 2.5 MVA 37/10 w‘ 38\ v, Biock Parameters: Fautt Erem =

Three-Phase Transformer (Two Windings) (mask) (link) Three-Phase Fault (mask) (link)

This block implements a three-phase transformer by using three e
single-phas transformers. Set the winding connection to "Yi' when Implements a fault (short-circuit) between any phase and the ground.

you want to access the neutral point of the Wye. When the external switching time mode is selected, a Simulink logical
signal is used to control the fault operation.

Click the Apply or the OK button after a change to the Units popup to
confirm the conversion of parameters. Parameters

Configuration

Units [pu ) ]

Farameters Initial status: 0]

Fault between:
Phase A Phase B Phase C [ Ground

Mominal power and frequency [ Pn(VA) , fn(Hz) ]
[2.5e6,50]

Switching times (s): [ 1/50 5/50] [] External

Winding 1 parameters [ V1 Ph-Ph{Vrms) , R1(pu) , L1(pu) ]
[ 35e3,0.002, 0.045]

Fault resistance Ren (Ohm):

Winding 2 parameters [ V2 Ph-Ph{Vrms) , R2(pu) , L2(pu) ] 0001

[10e3, 0.002, 0.045]

Ground resistance Rg (Ohm):

Magnetization resistance Rm (pu)

100

1

Snubber resistance Rs (Ohm):
inf

Magnetization inductance Lm (pu)

100

Snubber capacitance Cs (F):
inf

Saturation characteristic [ i1, phil; i2,phi2; ... 1(pu)
[0,0;0.0024,1.2;1.0,1.52]

Initial fluxes [ phi0A , phi0B , phioC ] (pu):
[0.8,-0.8,0.7]

Measurements lFEI..I|t currents ']

[ ok || concel || hHep || pply ok || concel || Help || pply

Puc. 38. [TapameTpsr TpanchopmaTopa ¥ KOPOTKO3AMBIKATEIS ISl ONIPECTICHHS
tpexdaznoro K3 B 1. K2
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4| 'BUS B2’ properties: It. L]
W-min: |-3500 W-max: 2750

Title "e=SignalLabel=" replaced by =signal name):
Ye=SignalLabel=

oK || Cancel || Apply |

labc B2 (pu/100MVA)

labc Fault (A)

Puc. 39. Pe3ynbraT pacuéra Tpexga3zHoro KOpoTKoro 3ambikanus B T.K2
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- .
*4 Block Parameters: Fault B uw

Three-Phase Fault (mask) (link)

Implements a fault (short-circuit) between any phase and the ground.
When the external switching time mode is selected, a Simulink logical
signal is used to control the fault operation.

Parameters
Initial status: 0
Fault between:

Phase A Phase B [7] Phase C [ Ground

Switching times (s): [ 1/50 5/30] ["] External
Fault resistance Ron (Ohm):

0.001

Ground resistance Rg (Ohm):

1

Snubber resistance Rs (Ohm):

inf
Snubber capacitance Cs (F):

inf

Measurements [Fault currents *]

[ oK ][ Cancel H Help H Apply ]

Puc. 40. Pesynbrar pacuéra Tpexda3zHoro KOpoTkoro 3aMeIkanus B T.K2
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== T E—
4. 'BUS B2’ properties: It - -
Y-min: |-3500 Y-max: |2350

Title ("%<=SignalLabel=" replaced by signal name):
Ye=Signallabel=

OK || Cancel || Apply |

labe B2 (pu/100MVA)

8
6
4
z
[
-2
4
-
-8

E

labc Fault (A)

Puc. 41. Pesynbrat pacuéra aAByx(a3HOro KOpoTKOro 3ambikaHus B T.K2
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7

"k Block Parameters: Section 1 1.15km *‘- @ " Block Parameters: Section 2 2.53km r‘- @
Three-Phase PI Section Line (mask) (link) Three-Phase PI Section Line (mask) (link)
This block models a three-phase transmission line with a single PI section. This block models a three-phase transmission line with a single PI section.
The model consists of one set of RL series elements connected between The model consists of one set of RL series elements connected between
input input
and output terminals and two sets of shunt capacitances lumped at both and output terminals and two sets of shunt capacitances lumped at both
ends ends
of the line. of the line.
RLC elements are computed using hyperbolic corrections yielding an RLC elements are computed using hyperbolic corrections yielding an
Ilexactll Ilexactll
representation in positive- and zero-sequence at specified frequency only. representation in positive- and zero-sequence at specified frequency only.
To obtain an extended frequency respanse, connect several PI section To obtain an extended frequency response, connect several PI section
blocks blocks
in cascade or use a Distributed Parameter line. in cascade or use a Distributed Parameter line.
Farameters Parameters
Frequency used for rlc specification (Hz): Frequency used for rlc specification (Hz):
50 i
Positive- and zero-sequence resistances (Ohms/km) [ r1 r0 ] Positive- and zero-sequence resistances (Ohms/km) [ r1 r0 ]:
| [0.0347 0.340] Il [0.0359 0.46]
Positive- and zero-sequence inductances (H/km) [ 11 10 ]: Positive- and zero-sequence inductances (H/km) [ 11 10 ]:
[0.8337e-3 4.1264e-3] [ 0.9337e-3 4.1264e-3]
Positive- and zero-sequence capacitances (F/km) [ c1 c0 ]: Positive- and zero-sequence capacitances (F/km) [ ¢l ¢0 ]:
[12.74e-8 7.751e-9] [12.74e-9 7.751e-9]
Line length (km): Line length (km):
1.15 2.53
[ OK l l Cancel ] l Help ] Apply [ oK ] [ Cancel ] [ Help ] Apply

Puc. 42. [TapameTpsl 21eMEHTOB ¥ KOPOTKO3aMbIKaTesis s onpeneneHus K3 B 1. K3
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-

& Block Parameters: Section 3 3.07km h I&

Three-Phase FI Section Line (mask) (link)

This block models a three-phase transmission line with a single PI section.
The model consists of one set of RL series elements connected between
input

and output terminals and two sets of shunt capacitances lumped at both
ends

of the line.

RLC elements are computed using hyperbolic corrections yielding an
"EXECt"

representation in positive- and zero-sequence at specified frequency only.

To obtain an extended frequency response, connect several FI section
blocks

in cascade or use a Distributed Parameter line.

Parameters

Frequency used for rlc specification (Hz):

a0

Fositive- and zero-sequence resistances (Ohms/km) [ r1 r0 ]

[ 0.0403 0.85]

Positive- and zero-sequence inductances (H/km) [ 11 10 ]:

[ 0.9337e-2 4.1264e-2]

Positive- and zero-sequence capacitances (Ffkm) [ c1 c0 ]:
[12.74e-9 7.751e-9]

Line length (km):

3.07

oK ][ Cancel H Help Apply

LS

Puc. 43. [TapameTpsl 2JIEMEHTOB M KOPOTKO3aMbIKaTelist i onpenernenus K3 B 1. K3
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3.4.3. KopoTko3aMbIKaTeIb U pe3yabTaT pacuéra Tpexdaznoro
KOpPOTKOTO 3aMblkaHus B T.K3

r oy
"4 Block Parameters: Fault Ereaker_E- u

Three-Phase Fault (mask) (link)

Implements a fault (short-circuit) between any phase and the ground.
When the external switching time mode is selected, a Simulink logical
signal is used to control the fault operation.

Parameters

Initial status: 0

Fault between:
Phase A Phase B Phase C ] Ground

Switching times (s): [1/50 5/50] "] External
Fault resistance Ron (Ohm):
0.001

Ground resistance Rg (Ohm):
1

Snubber resistance Rs (Ohm):
inf

Snubber capacitance Cs (F):
inf

Measurements [Fault currents -

[ ok || cancel || Help Apply

Puc. 44
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4| 'BUS B3’ properties: labe Fault... (M| mn| e S |

-min: |-450 Y-max: 950

Title "%=SignalLabel=" replaced by =signal name):
Ye<Signallabel=

oK || Cancel || Apply |

labe B3 (pu0OMVA)

I T S S S T S B )

labe Fault (A)

B 388 8

5 .

8

Puc. 45. Pe3ynbrar pacuéra Tpex($azHOro KOpoTkoro 3amblkanus B T.K3



39

3.4.4. KopoTko3aMbIKaTeIb U pe3yabTaT pacuéra TpexdazHoro
KOpPOTKOTO 3aMblkaHus B T.K3

i ™
*& Block Parameters: Fault Brea ke_ g

Three-Phase Fault (mask) (link)

Implements a fault {short-circuit) between any phase and the ground.
When the external switching time mode is selected, a Simulink logical
signal is used to control the fault operation.

Parameters

Initial status: 0

Fault between:
Phase A Phase B [] Phase C ] Ground

Switching times (s): [1/350 5/50] ["] Bxternal
Fault resistance Ron (Ohm):

0.001

Ground resistance Rg (Ohm):
1

Snubber resistance Rs (Chm):
inf

Snubber capacitance Cs (F):
inf

Measurements [Fault currents -

| ok || cancel |[ Help Apply

Puc. 46
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4 'BUS B3' properties: labe Fault. [

“-min: |-450 Y-max: 530

Title %e<SignalLabel=" replaced by signal name):
Ye=Signallabel=

A & & 5 o

t88s8. 388888

Puc. 47. Pe3ynbTar pacuéra 1Byx(a3HOro KOpoTKOro 3aMmbikanus B T.K3
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4. BAKJIIOYEHHUE

4.1. CpaBHeHue pe3y/abTaToOB pacyera TokoB K3
10 PACCMOTPEHHBIM MeTOAaM

Tabmuna 1
MeTtonasl
Knaccrnyeckuii Elplek Matlab
Bunpr k3 Toxu K3 B TOUKax K3 Toku k3 B Toukax k3 (KA) Toku K3 B TOUKaxX K3
(KA) (KA)
K1 K2 K3 K1 K2 K3 K1 K2 K3
3-hazHoe 2.59 2.72 0.93 2.59 2.71 0.89 2.5 2.75 0.95
2-(hazHoe 2.25 2.37 0.81 2.243 2.347 0.78 2.25 | 2.35 0.68

W3 Tabn. 1 BugHO, 4TO HauOoJbllIMe OTKJIOHEHHUs B pacuetax K3 oT kiac-
cuyeckoro merona nosiBisitorcst B Elplek mpu pacuére Tpexdasznoro K3 B
T.K3 (cootBercTBerHo 0,93 u 0,89) u Mmetomom Matlab npu pacuére nByxdas-
Horo K3 B 1.K3 (coorBercTBenHo 0,81 1 0,68). B ocTanbHbIX TOUKax B mpuje-
Jax JOMYCTUMOTO.

N3 nByx npuxnaaneix nporpamm I[IBM mpeanourenue cnemyer oTaaTh
Elplek — menbpme Heooxoaumo nmamsatu B [IBM  (Elplek 2,42 Mb u Matlab
R2014b - 9,72 T'b), npocToTra Habopa cXeM M BBOJA MapaMETPOB 3JICMCHTOB
CXEM.

4.2. CpaBHeHHe uHTep(eiicoB mporpamMmm

Yro kacaercs HHTEP(PEHCOB CPAaBHUBAEMBIX MPOTPAMM, TO 3/1E€Ch MPEHMY-
niectBOo HeocropuMmo ocraercs 3a Elplek. Ee unTepdeiic, mo cpaBHeHuto ¢ uH-
tepdetic Matlab R2014b , mpocT u UHTYUTHBHO MOHSTEH.

OKHO MPOrpaMMBbI K €€ OCHOBHOE MEHIO HAIIOMHHAIOT CTAHAapPTHOE OKHO
Windows, 4To M03BOJISIET Jaske HEOMBITHOMY MOJIb30BATEI0 OBICTPO COPUCHTH-
pOBaThCS U HA4YATh padoTy.

K nenocratkam Elplek crieayer otHecT oTCcyTCTBHE BO3MOXHOCTH yYeTa
HAMpsAMYI0 TapaMeTpOB BeJIMUYUHBI MoJiHOro Toka K3 u rpaduueckoro mpes-
CTaBJicHHs U3MeHeHus Toka K3.
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3axniouenue. 1IpoBeIeHHBIM aBTOpaMU aHAJIMW3 MOKA3aJl, YTO MPHU BBINOJI-
HEHUU PACUETOB Ha OJMHAKOBBIX PACUETHBIX CXEMaX Pe3yJbTaThl, MOTYyYECHHBIC
¢ nomoibto 1K EnergyCS TK3, moaHOCTBIO COOTBETCTBYIOT pe3yJibTaTaM, IO-
nyuerHsiM B K APM CP3A.

CnenoBatenbHo, nporpammubiii komiuieke EnergyCS TK3 moxer ObITH
ucrnosib3oBan ciyxk6amu P3A ¢ummanmoB OAO «CO EDCy» m opranuzamnusamu,
3aHUMAIOIIUMUCS MPOCKTUPOBAHUEM BJIEKTPUUECKONM YacTU CTaHUUWA M MOJ-
CTaHIIUH.

[Ipu 3TOM cClleyeT OTMETUTh HEKOTOpBIE MPEUMYILECTBA UCIIOIb30BaHUS
[TK EnergyCS TK3 no cpaBuenuto ¢ TK3-3000 u APM CP3A misa pacuera, BbI-
O0opa ¥ IPOBEPKM KOMMYTAIMOHHOIO OOOpPYAOBAHMS HAa OTKIIOYAIOUIYIO CIO-
COOHOCTB:

e IIOJIHBIA pacyeT BEeNIMYMH cBepxrepexoiHbix J/IC nmo HampspkeHusM U
MOIIHOCTSIM JOaBapUMHOIO ycTaHoBUBIIErocs pexuma cornacHo I'OCT;

e  BO3MOXKHOCTb CO3JaHMs 0a3bl JAHHBIX TUIIOBOI'O CUJIIOBOTO O0OPYIOBaHUS
OHEPrOCUCTEM;

e  BO3MOXKHOCTh BU3yaJu3allMM pe3ysnbTaroB pacdyera TK3 Ha pacueTHON
CXEME;

e  BO3MOXXHOCTH pacyeTa BEJINYMH yAapHbIX TOKOB K3.

CpaBuenue unrepgericoB nmporpamm APM CP3A u EnergyCS TK3 onHo-
3HaYHO TOBOPHUT B MOJB3Y mocieanero. [Ipomnecc cozmanus cxemsr B EnergyCS
TK3 3a cuer HaJM4uUsl JTOMOJHUTENBHBIX (QYHKUUN (KajdbKa, UMIOPT rpaduye-
CKOTr0 M300pakeHus1 a0CTPAKTHOM CXEMbI U BCTPOCHHAs 0a3a TaHHBIX) 3aHUMAET
ropas/lo MEHbIlIE BpeMEHHU. Pe3ynbTaThl pacuera, MOJYyYEHHbIE B IPOrpaMme
EnergyCS TK3, HarnsgHbsl U JIETKO MOTYT OBITh TEPEHECEHBI B JPYTHUE TMPO-
I'PaMMBl.
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COJIEP)KAHME

1. ITpeaucnoBue
2. Pacuet TOKOB KOPOTKOTO 3aMbIKaHHUS C MTOMOIIBIO MPUKIIATHON
nporpammsl elplek
2.1. Pacuér Toka tpexdasznoro K3 B Toukax Kl
2.2. Pacuér Toka aByxdaznoro K3 B roukax K1
2.3. Pacuér TokoB Tpex(asznoro u apyxdaznoro K3 B roukax K2
2.3.1. Pacuér Toka tpexdaznoro K3 B Toukax K2
2.3.2. Pacuér Toka aByxdaznoro K3 B Toukax K2
2.4. Pacuét TokoB Tpexdasznoro u asyxdaznoro K3 B roukax K3
2.4.1. Pacuér Toka Tpexdaznoro K3 B Toukax K3
2.4.2. Pacuér Toka aByxdaznoro K3 B Toukax K3

3. MoaenupoBaHHe TOKOB KOpPOTKOT0 3ambikanus B Matlab R2014b +

SimPowerSystems
3.1. Ycranoeka u 3amyck Matlab R2014b
3.1.1. 3anyck MATLAB u pabota B pexxume auasiora
3.2. CoctaB 6ubamorexn Simulink

3.2.1. Co3manue, penaktupoBanue u 3amyck Simulink Mmomenu

3.3. SimPowerSystems

3.3.1. Cucrema moaenupoBanusi SimPowerSystems

3.3.2. Co3nanue, peaakTUPOBAHKE U 3aITyCK MOJEIHN

SimPowerSystems
3.4. MoaenupoBaHue pacueTa TOKOB KOPOTKOTO 3aMbIKaHUS
noxacranmmu 35/ 10 kB ¢ momomieio Matlab R2014b u 61okos
SimPowerSystems

3.4.1. Cxema moaenu pacuera Tpexdaznoro K3 B 1. K1

noacranimu 35/ 10 kB

3.4.2. Pacuet tpexdaznoro K3 B 1. K1, K2, K3

3.4.3. KopoTko3aMbIKaTesb U pe3yabTaT pacuéra Tpex@azHoro

KOPOTKOT0 3aMblkaHus B T. K3

3.4.4. KopoTko3aMbIKaTeIb U pe3yabTaT pacuéra AByX(azHoro

KOpPOTKOT0 3aMblkaHus B T. K3
4. 3akIoueHue
4.1. CpaBHeHHE pe3ysIbTaTOB pacuera TokoB K3
10 PACCMOTPEHHBIM METO1aM
4.2. CpaBHeHue uHTEp(ENCcoB Mporpamm
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YueOHOEe H3OTAaHUE

Cmocapenko Bukrop I'puropreBuu
PsickoB IOpuii UBanoBn4
HIaiitop Hukonait MuxaiijioBua

Pacuer
TOKOB KOPOTKOI'0 3aMbIKAHUS
Ha DOBM

Yyebrno-memoouuecxkoe nocobue

B asmopckoti pedaxyuu

U3zn. Ne 10/18. O6bem 2,75 1.1
PUNILM ®I'AOY BO «CeBacTononbCKuil rocyapCTBEHHBIM YHUBEPCUTET»



