MIHICTEPCTBO OCBITH I HAYKH YKPATHU

METOJAMUYHI BKA3IBKHU

JUTSL CAMOCTIHHOT pOOOTH 3 TUCITUILTIHU
«MareMaTHYHe MO/ICTIOBAHHS €JIEKTPOTEXHIYHUX CHCTEM IS
CTYJEHTIB CIIeNiaTbHOCTI
141 «EnexktpoeHepreTuka, eNeKTPOTEXHIKA Ta EIEKTPOMEXaHIKa
(ocBiTHS TIporpama «EnekTpoeHepreTrka, eIeKTPOTEXHIKA Ta
eJIEKTpOMeXaHika») ycix GpopM HaBuaHHS
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BCTYII

Y MeTroAuuYHUX BKa3iBKaxX HaBENCHI JaHi JUIs CaMOCTIHHOI po0oTh
CTYICHTIB 1O BuBYeHHIO MoxumBocTer MATLAB, Simulink 1
SimPowerSystems mnpu MOJAENTIOBaHHI EIEKTPOTEXHIYHUX MpPUIALIIB,
CKJIAJIHUX €JICKTPOMEXaHIYHUX (EIEKTPOTEXHIYHNX) CUCTEM Ta KOMILIEKCIB
HampsiMOM ~ 3HAMOMCTBa 3 TEPEITIKOM JACMOHCTpAIliIfHUX  MOjemei
akagemiunoi Bepcii MATLAB (R2018a). Takox ommcaHa MOCTIJOBHICTb
T 110 3HAXOKEHHIO U 3aITyCKy WX MPUKIIaIiB.

Martepianu, HaBeJeHI y JaHUX METOAMYHUX BKa3iBKax, MpU3HAYCHI
JUIL  TIOJANIBIIOTO CaMOCTIHHOTO BHMBYEHHS CTYACHTAMH MPAKTHYHO
HeoOMexxeHux MoxiauBocreit MATLAB, Simulink 1 SimPowerSystems 3
TOYKH 30pY MOJCNIOBAHHS ENEKTPOTEXHIYHUX MPUCTPOIB 1 CKIAJHUX
CIIEKTPOMEXAHIYHUX CHUCTEM.

HaiikopoTmmii muisixoM JAjsi CTBOPEHHST HOBOi MOJENI MOXKe
BUSIBUTHCS LUISX, 3 €IHAHWH 3 MOLIYKOM J€MOHCTPALiifHUX MOAENeH, sKi
MOXYTh CTaTH OCHOBOIO MOJETI, CHPOCKTOBAHHMH CTYyJE€HTOM B XOIi
MPOBEJICHHS KYPCOBOrO a0 JUIUIOMHOI'O MPOEKTYyBaHHS. Takok IIi
MPHUKIAJM MOXYTh OyTH BUKOPHCTaHi i B IKOCTI MAOIOHIB, UIsI CTBOPEHHS
MOJIeNieH, SKi  JIO3BOJISIFOTH MPOBECTH HAYKOBI  JOCHIDKEHHS a0o
MiATBEPAUTY MO3UTHBHUN €eKT B XOJIi MIJATOTOBKHU 3assBKU HAa BUHAXI]I.

VY 3B'S3Ky 3 UM, Y JaHUX BKa3iBKax CTYACHTaM IMPOMNOHYETHCS
O3HAMOMUTHCS 3 Ha3BaMM ICHYIOUMX JEMOHCTpAIlifHUX MOojenel, sKi
MOCTAaBJISIIOTECS 3 mporpamMHuMu Tnponyktamu MATLAB, Simulink i
SimPowerSystems, anropuTMoM iX MOLIYKY 1 3aBaHTKEHHS.

JeranbHuil omuc NMX NPUKIAMIB BUXOMITH 33 pPaMKH JaHHX
BKa3iBOK. CTyJIeHTaM MPOIOHYETHCSI 00paTH MPUKIAJ 10 HOro IIKaBUTh,
CaMOCTIHHO BHMBYUTH HOrO OmHC, OCOONMBOCTI POOOTH 1 pe3ynbTaTw,
OTPHUMaHI B XOJ[i MOJICTIOBAHHSL.



1 IEPEJIK IIPUKJIAJIIB MOJIEJIEM SIMPOWERSYSTEMS
SPECIALIZED TECHNOLOGY Y HELP MATLAB

Jis oTpuMaHHS Tepeniky npukianiB mozaened SimPowerSystems
HeoOxinHo 3amyctutt MATLAB i Hatucuytn F1. YV BikHi 1o 3'sBuioCS

HatucHyTH  (puc.l.1) SimPowerSystems —> SimPowerSystems
Examples, npokpyTuTu mnpaBe BikHO 10 mosiBM Haanucy Specialized
Technology (puc. 1.2).

Jani obupaeMo Mozenpb 10 Hac 3alikaBuia (Hanpukian, Switching
An Inductive Circuit Using a Breaker With No Snubber) i nepexoaumo
y BikHO Horo ommcy (puc. 1.3). 3a HEOOXiAHICTIO 3aBaHTAXXYEMO MOJEINb,
HaTucHyBIIM Ha Open this Example.

-

b o e
@ - @ | SimscapePowerSystems | + | B O E@ i

Documentation Q B

— CONTENTS Close

< Documentation Home Simscape Power Systems

) Model and simulate electrical power systems
< Simscape Power Systems o “

Examples
Getting Started with Simscape Power

Simscape Blocks and Other Reference
Systems

Release Notes
Simscape Components

PDF Documentation
Specialized Technology

Simscape™ Power Systems™ provides component libr:

simulating electrical power systems. It includes models
Examples three-phase machines, electric drives, and components
transmission systems (FACTS) and renewable energy s
total harmonic distortion (THD), load flow, and other key
automated, helping you investigate the performance of y v

Simscape Blocks
Blocks

Pucynox 1.1 — Bikno SimPowerSystems



Help
o kO ‘ Simscape Power Systems Examples
7
Examples
= CONTENTS Close
< Examples Home - Open Model Open Model
< Simscape Power Systems (i ] |
=2 O B
fous i
Simscape Components — 88— = =0 y a0 =
i : b - - .
Specialized Technology = [ ES — * | S
Simple Models | = !
Power Electronics Models N N
Machine Models — 3 | Sty o
Power Utility AC/DC Network " "
Models Switching an Inductive Steady-State Analysis of a
Measurement and Control Models Circuit Using a Breaker Linear Circuit
Electric Drive Models With'No: Snubber. .
FACTS Models - The Ideal Switching device solution The use of the Powergui and L
mathad nf tha Pawarniii hinsk tn Imnadanra Maaciiramant hinrke tn

Pucynok 1.2 — Bikno SimPowerSystems Examples

[arer

4= =) 5 - @ | Switching an Inductive Circuit Using a Breaker With No Snubber 't] + |
arch Help
=— CONTENTS Close
< Examples Home Switching an Inductive Circuit Using a Breaker With

< Simscape Power Systems ) No Snubber

<iSpaclaleadiechnology, This example shows the Ideal Switching device

< Simple Models solution method of the Powergui block to model a Open Model
circuit breaker.

Switching an Inductive Circuit Usi a
i/ S e G. Sybille (Hydro-Quebec)

Breaker With No Snubber

Description

Switching an Inductive Circuit Using a Breaker With no Snubber

Powerg

Pucynoxk 1.3 — Bikno Switching an Inductive Circuit Using
a Breaker With No Snubber



2 SIMPLE MODELS (ITPOCTI MOJEJII)

Tabmuus 2.1 — Simple Models (ITpocti Mmonenni)

2.1 |Three-Phase Three-Limb (Tpudazuuii 3 TpboMa MarHiTopoBoJaMH
(Core-Type) Two- (cTprHEBUI) TBOOOMOTKOBHIHA
Winding Transformer  |rpancdopmaTop

2.2 |Three-Phase Five-Limb (Tpuaznuii 3 n’siTbMa MarHiTONpOBOAaMH
(Shell-Type) Three - (OpOHBOBHIT) TPHOOMOTKOBHIA
Winding Transformer  |rpancdopmaTop

2.3 |Switching an Inductive [Komyrauist iHIyKTHBHOTO KOJia 3
Circuit Using a Breaker [BukopucranHsM BuMuKauda 6e3 cHeOOepa
'With no Snubber (RC-komo, mo npeacrapisie nepeHanpyry

[pH BUMKHEH1)

2.4 |Steady-State Analysis of |[AHasi3 BCTAHOBICHOTO PEKUMY
a Linear Circuit TTiHIHHOTO KOJIa

2.5 [Transient Analysis of a |AHamni3 mepexiHUX MPOIIECiB
Linear Circuit

2.4 |Three-Winding TproOMOTKOBUH PO3MOALTEHUN
Distribution Transformer rpancdopmarop

2.5 |[Three-Phase Saturable (Tpuda3nuii TpanchopmaTop 3
Transformer BpaxyBaHHSM HACHUCHHSI MarHiTHOTO

KOJIa

2.6 |Three-Phase Core-Type |Tpucazuuii crprmkHeBHit
Transformer TpanchopmaTop

2.7 |Current Transformer HacuuenHns TpancdopmaTopa cTpymy
Saturation

2.8 |Use of Surge Arresters in [BukopuctanHsi BEHTUIIEHOTO
Transmission System pO3psIHUKA B cUCTeMax mepenadi

2.9 | Single Phase Line — OnnothasHa JiHiliiHE — YaCTOTHE-4acoBe

Time and Frequency
Domain Testing

TECTYBaHHS




[Mponosxenns Tabmuii 2.1.

2.10

Three-Phase Line (DPL and PI
Section) — Single-Phase
Energization (DPL —
Distributed Parameter Line, PI
Section — line section with
lumped parameters, PI —x,
t00TO [1-00pa3Ha)

Tpudaszna ninis (3
PO3MOUICHUMH 1
30cepeKEHIMH
napameTpamu) —
MIJKJTFOUEHHS oHieT (a3u

2.11 | Computation of R L and C Cable | OGuucieHHS aKTUBHOTO
Parameters OTopY, IHAYKTUBHOCTI 1
€MHOCTI
2.12 | Dynamic Load and Junamiune
Programmable Voltage HABaHTaXEHHS 1
Source MporpaMoBaHe
JDKEPENo Hapyru
2.13 | Single Phase Dynamic Load Block | brok onnodaznoro
JIMHAMIYHOTO
HaBaHTaXCHHs
2.14 | Saturable Transformer with Hacuuenuii Tpanchopmatop 3
Hysteresis BpaxyBaHHSIM TiCTEpe3UCy
2.15 | Cassie and Mayr Arc Models for a | Moaenb enekTpuuHOI 1yru
Circuit Breaker Cassie i Mayr npu po3puBi
KoJa
2.16 | Variable Inductance Modeling Monenb 3MiHHOT
THAYKTUBHOCT1
2.17 | Interfacing Simulink Models BceranoBneHHs 3B 3Ky
with SimPowerSystems Simulink
Mojenelt 3 SimPowerSystems
2.18 | Interfacing Simscape Models BcranoBiieHHs 3B’ 53Ky

with SimPowerSystems

Simscape
Mozenelt 3 SimPowerSystems




3 POWER ELECTRONICS MODELS
(MOJIEJII CHJIOBOI EJIEKTPOHIKH)

Tabmuus 3.1 — Power Electronics Models (Moaemi cuioBoi
ENIEKTPOHIKN)

3.1 [Loss Calculation in a Three-(O64ncienHs BTpat y TpUPiBHEBOMY
Phase 3-Level Inverter TpudasHoMy iHBEpTOPi

3.2 |Comparing Three-Phase  [[lopiBHSIHHS TpH(a3HUX MOJeNeH
VSC Models (Detailed, (IMCKPETHHX) PETYJIATOPIB MBUAKOCTI
Switching- Function and  |([leranbHa, Ha OCHOBI QyHKIIIT
Average) repeMUKaHHs, 32
(VSC — variable speed CepeIHIMH 3HAYCHHSIMH )
control, perynstop
[IIBHTKOCT1)

3.3 |Synchronous Buck CUHXpOHHHH BOJBTOIOJATKOBHI
Converter MepeTBOPIOBaY

3.4 [Six-Pulse Cycloconverter [[LlecTHiMIyIbCHHI TOHMKYIOUHH

[epeTBOPIOBAY YaCTOTH

3.5 |Speed Control of a DC PerymoBaHHS IBUAKOCTI IBUTYHA
Motor Using BJT H-Bridge |cTpymy 3 BHKOpHUCTaHHSIM MOCTa Ha
(BJT — Bipolar Junction TpaH3UCTOpaXx 3 OIMOIIPHUM
Transistor) nepexooM

3.6 |Zener Diode Regulator Perynsatop Ha 6a3i cTabiniTpoHa

3.7 |Full-Wave Rectifier OnnodasHiil ABOHAIIBIIEPi0JHHM

BUITPSIMIISY 13 CEPEAHBOI0 TOUKOIO
3.8 |Single-Phase Rectifier OnHoda3HUN BUNPSMIIY
3.9 [Three-Phase Rectifier Tpudazuuii BUNpAMIITY




[Mponosxenns Tabmuiti 3.1.
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3.10 | Three-Phase Thyristor Tpudazuuii THPUCTOPHUHA
Converter MepEeTBOPIOBAaY
3.11 | Inductive Current IneanbHuit BUMUKad — 0OMeXyBad
Chopping aMILTITYIN
IHIYKTHUBHOTO CTPYMY
3.12 | Single-Phase PWM Onnoda3Huii iIHBEPTOp 3 MHPOTHE-
Inverter (PWM — IMITYJICHOT MOAYJISILIEIO.
pulsewidth modulation,
HIMPOTHE-UMITYJIbCHA
MOJTYJIALLIS)
3.13 | DC/DC and DC/AC [epeTBOproBay 3 MHUPOTHE-
PWM Converters IMITYJIECHOIO MOAYJISLIERO IS
(DC — direct current, MepeTBOPEHHS MOCTIHHOTO CTPyMY
noctitanii crpym, AC — B MOCTIHHUH Ta TOCTIHHOTO CTPYMY
alternating current, y 3MiHHUH
3MIHHHUH CTPYM)
3.14 | Three-Phase Two-Level Tpudaszni 1BopiBHEBI
PWM Converters MepeTBOpIoBayi 3 MHUPOTHO-
iMmynecHOI0 MoayIstiero (II1IM)
3.15 | AC/DC Three-Level Tpupieuesi LLIIM neperBoproBaui
PWM Converters 3MIHHOT'O CTPYMY Y IOCTiHHUH
3.16 | Three-Phase SV-PWM Tpudazuuii BeKTOpHUH
Converter neperBoproBay (inBeptop) 3 LIIM.
(SV — space vector,
MPOCTOPOBUH BEKTOP)
3.17 | Five-Cell Multi-Level IT’siTn enemMeHTHHN
Converter OaraTopiBHEBHI NEPETBOPIOBAY
3.18 | Multilevel Multiphase BararopiBHeBuii Oaratodazauit

Space- Vector PWM
Converter

BEKTOPHUH IIEPETBOPIOBAY 3
im




[Mponosxenns Tabmuiti 3.1.
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3.19 | AC/DC Three-Level Tpudazuuii TpupiBHEBUI
PWM nepersoprosay 3 HIIM
Converter
3.20 | Two-Level PWM JBopiBHeBuii neperBoproBay 3 LM
Converter and Dead Ta Yac 3ami3HIOBaHHS
Time
3.21 | Neutral Point Clamp [leperBoproBad i3 3a3eMJICHOIO
Inverter and Dead Time HEHTPaIbHOIO TOYKOO Ta Yac
3aIi3HIOBaHHS
3.22 | Three-Phase 48-Pulse Tpudaszumii 48-iMnynbcHU
GTO Converter MEepETBOPIOBAY HA 3aMUKAIOUHUX
THUPUCTOPAX
3.23 | AC-DC-AC Converter [epeTBOproBau mocTiiiHOrO
CTPyMY y 3MiHHHI Ta 3BOPOTHBO Y
nocririnuii 3 HIM
3.24 | Three-Phase Matrix Tpudasauii MaTpuuHmii
Converter IepeTBOpIoBaY
3.25 | Chopper-Fed DC Motor | IIpuBix Ha OCHOBI ABUTYHA
Drive (Continuous) MOCTIHOTO CTPYyMY Ta TIepepHBHUKA
(be3nepepBHa MOIETH)
3.26 Ch‘opper-‘Fed DC Motor | [Ipugix na ocHoBi ABHryHA
Drive (Discrete) MOCTIfHOTO CTPYMY Ta MIEpPEPHBHHUKA
(Iuckperna moienb)
3.27 | Vector Control of AC [TpuBig Ha OCHOBI IBUTYHA 3MiHHOTO

Motor Drive

CTpPyMYy 3 BEKTOPHUM KEPYBAHHSIM




[Mponosxenns Tabmuiri 3.1.
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3.28 | Boost Converter [MigBuIyrounii IepeTBOpOBaY
3.29 | Buck Converter Komnencytounii nepersoproBay
3.30 | Voltage-Controlled Kommnencytounit meperBoproBay, 1o
Buck Converter KEepYETHCS HAIIPYTOIO
3.31 | Buck Boost Converter | InBepTOpHMII TiIBUIIYIOUHIi
MepeTBOPIOBAaY
3.32 | Cuk Converter [epeTBOpto€ mKepena MOCTIHHOTO
CTPYMY 3 OJJHOI HaIlpyTH Ha iHIITY
Hanpyry
3.33 | Forward Converter [IpsimoxonoBuii meperBoproBay
3.34 | Flyback Converter with | 3BOpOTHOXOOBHIA MTEPETBOPIOBAY 3
Transformer Leakage pO3CiroBaHHAM TpaHChOopMaTOpa
3.35 | Resonant LLC Pezonancuuii LLC neperBoproBau
Converter
3.36 | Series Load Resonant [MocnigoBHO-pe30HAHCHUI
(SLR) Converter MepeTBOPIOBaY I1iJl HABaHTa>KEHHSIM
3.37 | Two-Quadrant DC/DC | /IBokBaapaHTHHIA IEpETBOPIOBAY
Converter MOCTIHOTO CTPYyMY
3.38 | Regulated Resonant Peryntoroumii pe3oHaHCHUMH
LLC Converter LLC neperBoproBay
3.39 | Watkins-Johnson [eperBoproBau BoTkunca-/[»oHcoHA
Converter
3.40 | Thyristor Rectifiers TupucropHi BUIIPAMIISI




[Mponosxenns Tabmuiti 3.1.
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3.41 | Current-Controlled TupucropHi BUNIPSMIISY, 1110
Thyristor Rectifier PEryIoI0ThCSI CTPYMOM

3.42 | Two- and Three-Level 2 Ta 3-piBHEBHI peryaoBayq
Voltage Source JDKepera Hanpyru
Controllers

3.43 | Switching Function OyHKII TepeKTIoYeHHS
Converter Controlled by | meperBoproBaua, 1110
Averaged Firing Pulses KOHTPOJTIOETHCS YCEPETHESHUM

3HAUCHHSM IMITYJIbCa

3.44 | Buck Converter — Komnencytounii nepersoproBay —
Increased Accuracy and 30i/IbIIEHa TOYHICTh Ta CUMYJISIIS
Simulation Speed Using | mBHAKOCTi, BAKOPUCTOBYIOUH
Interpolation THTEPIIONISAIIIO

3.45 | Modular Multi Level MopnynbHuii GaraTopiBHEBHi
Converter (MMC) nepersoproau (MBIT)

3.46 | Power Converters Meroau MO/IEIIOBaHHS CUIIOBUX
Modeling Techniques MepeTBOPIOBaUiB

3.47 | STATCOM (Detailed CraTnyHui KOMIIEHCATOp
MMC Model with 22 (Heranpuuit MBI 3 22 Monynsamu
Power Modules per Ha ¢a3y)
Phase)

3.48 | 1.5-MVA Multicell 1,5 MBA GaraToeneMeHTHUH

Motor

JBUTYH
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4 MACHINE MODELS (MOJIEJII EJIEKTPUYHUX MAIIIUHN)

Tabmuus 4.1 — Machine Models (Moaeni elnekTpuYHHX MaIluH).

4.1 | Six-Phase ectugazna
Synchronous CHHXPOHHA MallHHA 3
Machine with micis aBapiitHOO
Post-Fault Crpareriero KepyBaHHS
Operating Strategy
4.2 | Stepper Motor Drive [IpuBif i3 mIaroBUM ABUTYHOM
3acToCcyBaHHS: CHUCTEMA
yIIpaBJIiHHS
4.3 | Simplified Synchronous CrpoleHa CHHXpOHHA MallliHA—
Machine — Speed Regulation | perymtoBaHHS IIBHIKOCTI
4.4 | Synchronous Machine CUHXpOHHI MalIMHU
4.5 | Starting a Synchronous Motor | [Tyck CHHXpOHHOT'O JIBUTYHA
4.6 | Mechanical Coupling of MexaHi4yHe 3’ € JHAHHS
Synchronous Generator with | cHHXpOHHOTO r'eHepaTopa 3
Exciter System Using the CHCTEMOIO 30yIXKEeHHS 3 OJIOKY
Simscape Mechanical JBUTYHA 30BHILIHBOTO
Rotational Port MeXaHigyHoro o0epraHHs Simscape
Mechanical
4.7 | Mechanical Coupling of MexaHivyHe 3’ € JHAHHS
Synchronous Generator with | CHHXpOHHOTO TeHepaTopa 3
Exciter System CUCTEMOIO 30Y/DKECHHS 3 OJIOKY
JBUTYHA BHYTPILIHBOT'O
3ropaHHs
4.8 | Three-Phase Asynchronous Tpudazna acHHXpoHHA
Machine MaIlluHa
4.9 Saturation in Three-Phase Hacuuenns tpudasznoi

Asynchronous Machine

ACHUHXPOHHOI MalllMHH
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[Mponosxenns Tabmuiti 4.1.

4.10 Single-Phase Asynchronous OnnotazHa acHHXpOHHA
Machine MaIlluHa
4.11 Single-Phase Asynchronous OpnHodazHa
Machine — Voltage Control of | acmaxpoHHa
Auxiliary Winding MalIlHa —
yIIpaBJIiHHS
HAIpyrow Ha
JI0AATKOBIA 0OMOTIII
4.12 Single-Phase OnnothazHa acHHXpOHHA
Asynchronous Machine MalIlHa — BEKTOpHE
— Vector Control of yIIpaBIiHHS
AC Drive MPUBOJIOM 3MIHHOTO
CTpymy
4.13 Permanent Magnet CHHXpOHHA MalllMHA 3
Synchronous MOCTIHHUMHU MarHiTaMu
Machine
4.14 Five-Phase Permanent Magnet | IT’siTuda3na cHHXpoHHA
Synchronous Machine MallHa
3 MOCTIHHUMU MarHiTaMU
4.15 Starting a DC Motor [Tyck aBuryHa moctiiiHOro
CTpymy
4.16 Steam Turbine and [Taposa TypOiHa i cucrema
Governor System — peryiIroBaHHS —
Subsynchronous MiACHHXPOHHHH
Resonance pe30oHaHC
4.17 Emergency Diesel Generator | ABapisi au3elb-reHeparopa Ta
and Asynchronous Motor ACHHXPOHHOTO IBUT'YHA
4.18 Synchronous Machine and CuHXpOHHA MaIIMHA i

Regulator

perymsrop
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[Mponosxenns Tabmuiti 4.1.

4.19 Performance of Three [NoBexinka TpbOX
PSS for Interarea cTabini3aTopiB eHepreTHIHOI
Oscillations. CHCTEMH MPH MIKpPaiOHHUX
Uses: Control System KOYCHHSX.
(PSS — Power System 3acTocyBaHHS: CHUCTEMA
Stabilizer, crabimizatop yIIpaBJIiHHS
CHEepreTUYHO1 CUCTEMH )

4.20 Switched Reluctance Motor | BeHTuiibHUMIA peakTHBHUIA

JIBUTYH
4.21 Brushless DC Motor Fed by | be3kontakTHuit qBUTyH

Six- Step Inverter

MOCTIHHOTO CTPYMY,
MIAKIIOYEHNH 10 I1eCTH
11arOBOT'0 IHBEPTOPY
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5 POWER UTILITY AC/DC NETWORK MODELS
(MOJEJII EJJEKTPOEHEPTETUYHHUX MEPEK 3MIHHOI'O
1 MOCTIMHOI'O CTPYMIB)

Tabmunsa 5.1 — Power Utility AC/DC Network Models (Moperni
ENIEKTPOCHEPTeTUYHNX MEPEK 3MIHHOTO 1 OCTIHHOTO CTPYMiB)

5.1 |Performance of Frequency |Bumip uactoru(Bekrop)
Measurement (Phasor)

5.2 |PMU (PLL-based, Positive- |[[IBo3onHa cuctema KyHop
Sequence) Kundur’s Two-
Area System

5.3 |PMU (PLL-based, Positive- [OpieHtup
Sequence) Benchmark

5.4 [IEEE 13 Node Test Feeder (13 By310Buii 3aBaHTaKyBaJIbHHIA

mpHCTPii

5.5 |Flickermeter Statistical CraTU4HUN MOJYJb aHaI3y (irikepa
Analysis Module Hanpyru

5.6 [Power Flow Control and CuiioBe KepyBaHHS JaHUMH U 3aXUCT
Line Deicing Using a UIEIT Bix 3amep3aHHs
Bundle-Controlled Line BHKOPHCTOBYIOUHU PO3ALIEHO
Impedance Modulator (LIM) [kepyrouuii mOBHO ONipHUI MOIYJISTOP

5.7 |Initializing a 29-Bus, 7- [Himiamizamis Mepexi, sika CKaaHa 3
Power Plant Network With |7 enextpocranuiii u 29 muH,
the Load Flow Tool of 3aco0aMH TIaBaIvoro
Powergui HaBaHTaXeHHs O0J0oky Powergui
Initializing a 5-Bus Network [[Himiamizarist 5-1mmHHOT Mepexi

5.8 |with the Load Flow Tool of BacobaMu miaBarouoro HaBaHTaKEHHS
Powergui b1oky Powergui

5.9 [Flickermeter on a DrikepMmeTp y po3MmoaiIeHH]
Distribution STATCOM. CTATUYHUM KOMIICHCATOPOM.

Uses: Control System
(STATCOM - Static
Compensator, cTaTUHIHUIN
KOMIICHCATOP)

3acTocyBaHHS: CHCTEMa YIPaBIIiHHS
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[Mponosxenns Tabmuiti 5.1.

5.10

Single-Phase Series Compensated
Network
- I1I11]

OnHO(a3Ha OCTIIOBHO
KOMIICHCYIO4a Mepexa

5.11 [Three-Phase Series Compensated [Tpuda3zna mociigoBHa
Network KOMIIEHCYIOUH Mepexa

5.12  |Simple 6-Pulse VDC Transmission [[Ipocta 6-immynbcHa
System (HVDC — high-voltage BHCOKOBOJIbTHA CUCTEMA
direct current, JiHisi BUCOKOT eNeKTpornepenayi Ha
HATIPYT'y Ha MOCTIHHOMY CTpyMi)  |[TOCTifHOMY CTpyMi

5.13 [Three-Phase Harmonic Filters Tpudaszui GimbTpu rapMoHiK

5.14 |Three-Phase Active Harmonic Tpudasni akTuBHI GLILTPU
Filter rapMOHIK

5.15 [Three-Phase Line - Single-Pole Tpudaszni niniiHi

Reclosing

OJTHOTIOIOCH] TIepeMUKaY




Tabnunga 6.1
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6 MEA SUREMENT AND CONTROL MODELS
(MOJEJII BUMIPHOBAHHA 1 YITPABJITHHS)\

BHMIPIOBAaHHS 1 YIpaBIIiHHS)

— Measurement and Control Models (Mogeni

(FFT — fast Fourier transform,
mBHJIKE TiepeTBopeHHs Dyp’e)

6.1 Sequence and abc_to dq0 [Mopsiaok cimigyBaHHs 1
Transformations MEepPETBOPEHHS KOOPIUHAT
abc 'y dq0
6.2 | Three-Phase Programmable Tpudazuuii nporpamyroue
Source, V-1 Measurement and JDKEpeIo, BUMIpIOBaHHS Ta
Sequence Analyzer aHaJTi3 MOCIIiIOBHOCTI
CTpYMY 1 HaNpyru
6.3 | Three-Phase Programmable Tpudazuuii nporpamMue
Source, PLL Voltage and Power JDKEpeIio HallpyTH i
Measurement MOTYXHOCTI 3 (ha30BUM
(PLL — Phase Locked Loop, ABTOMATHYHUM
cuctema (pa30Boi aBTOMAaTHYHOT HiJICTPOIOBAHHSAM YaCTOTH
MiICTPOIOBAHHS YaCTOTH)
6.4 | FFT Analysis During Simulation Amnauis B xo1i

MOJIEJIIOBAaHHA 32
JIOTIOMOT' OO IIBUJIKOTO
nepersopenHs Oyp'e
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7 ELECTRIC DRIVE MODELS (MOJAEJII EJIEKTPOITPUBO/IIB)

Tabmuus 7.1 — Electronic Drive Models (Moneni enexkTponprBoiB)

7.1 12.8 V, 40 Ah, Lithium- [Mogenb crapinas (3HouryBanus) 12,8
Ion (LiFePO4) Battery B, 40 A/r Jlitili-ioHHU# aKyMyJsITOp
Aging Model (1000 h (1000 ronuH)

Simulation)

7.2 Lithium-lon Temperature [Mogenp JliTili-ioHHUH aKymynsTOpa,
Dependent Battery 1110 3aJISKUTH BiJ] TEMIIEPaTypH
Model

7.3 Shaft Coupling Mydra Bamy
(Simscape model)

7.4 Gear Speed Reducer PemyxTop
(Simscape model)

7.5 Energy Management Cucrema eHepriero Juis TiOpigHOro
Systems for a Hybrid enekTpuaHoro Jokepena  (Jlogatok
Electric Source st 61TBIIOCTI
(Application for a More  [enekTpoo0iiaJHaHHS JIiTaKa)

Electric Aircraft)
7.6 Supercapacitor Model Mojennb  CylnepKOHJIeHCaTOpa
7.7 6 kW 45 Vdc Fuel Cell  |6-kinoBaTHa 45-BonbTHA
Stack OaTapesi MaTMBHUX EIIEMEHTIB
7.8 Ni-MH Battery Model Mojielnb HiKeb-
MeTaJIOTiPUIHOI OaTapel
7.9 ACI1 - Six-Step VSI ACHHXPOHHUH ENIEeKTPOIPHBI
Induction 3HP Motor MOTYXHICTIO 3  KIHCBKI CHIM 3
Drive (AC — [[IECTUIIIATOBUM 1HBEPTOPOM
alternating current, HATIPYyTH
3MIHHHUH CTPYM)
7.10 AC2 — Space Vector Enextpornpusos 3 BEKTOPHHUM

PWM VSI Induction
3HP Motor Drive

KepyBaHHIM aCHHXPOHHHUM IBUTYHOM
[MOTY>KHICTIO 3 KiHChKI CHJI HA OCHOBI
iHBEPTOPY HANPYrW 3 MIHPOTHE-
IMITYJIBCHOIO MOJTYJISIIIERO
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7.11

AC3 — Field-Oriented
Control Induction 200
HP Motor Drive

Enextponpuson 3
[0JIe-OpiEHTOBAHUM YIPABIiHHSAM
ACHHXPOHHHUM JIBUTYHOM
noTyxHicTio 200 KIHCBKHX CHII

7.12 AC3 — Comparison SpiBHSHHS PO3rOpHYTO] 1 CIpOIIeHOT
Between Detailed and MoJienei
Simplified Models
7.13 AC3 — Sensorless Field EnexrponpuBoy 3 OE3CCHCOPHHM,|
Oriented Control Induction [mone-opieHTOBaHUM  yIPaBIiHHAM
Motor Drive ACUHXPOHHUM JBUT'YHOM
7.14 | AC 4 — DTC Induction 200 |[EnekrpornpuBon 3 MpsIMUM|
HP Motor Drive (DTC —  |ynpaBiiHHAM obepTarouum
direct torque control) MOMEHTOM AaCHHXPOHHOTO JIBUTYHA
notyxHicTio 200
KiHCBKUX CHJI
7.15 | AC4 — Space Vector Enextpornpusos 3 MpsIMUM|
PWM- DTC Induction YIIPaBIIiHHAIM obepTarounm
200 HP Motor Drive MOMEHTOM ACUHXPOHHOI'O JBUTYHA|
notyxHictio 200
KiHCBKMX cui Ha ocHosi M 3
BEKTOPHHUM YIIPaBIIiHHIM
7.16 | ACS - Self-Controlled EntexTponpuBoa 3 MpSIMAM
Synchronous 200 HP YIIPaBIIiHHAM obepTarouum
Motor Drive MOMEHTOM CHHXPOHHOTO JIBUTYHQ|
notyxHictio 200
KiHCBKUX CHJI Ha CaMOYIPaBIiHHAM
7.17 | ACS — Comparison SpiBHSHHS JETaIBHOI 1
Between Detailed and CIPOILEHOI MOJIeITeH
Simplified Models
7.18 | AC6 — PM Synchronous  |[EnekrpornpuBon Ha OCHOBI

3HP Motor Drive

CHHXPOHHOTO JIBUT'YHA 3 TIOCTIHHOIO
MarHiTHOIO
MOTYXHICTIO 3 KiHChKi CHIIH
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[Mponosxenns Tabmuii 7.1.

7.19 | AC6 — Comparison Between [3piBHSIHHS A€TaJIbHOI i
Detailed and Simplified CIPOILEHOI MOJIeek
Models
7.20 | AC 6 — 100kW Interior EnextponpuBoa Ha OCHOBI
Permanent Magnet CUHXPOHHOI'O JBUTYHA 3
Synchronous Motor Drive BHYTPILIHIMU MarHiTaMu
noryxHictio 100 kBT
7.21 | AC7 — Brushless DC Motor  [be3KOHTaKTHHIA eleKTPONPHUBOJ 3
Drive During Speed NMBUTYHOM  TIOCTIHHOTO  CTpyMY)|
Regulation MpH PEryaoBaHHI MBUAKOCTI
7.22 | AC7 — Comparison Between [3piBHSIHHS A€TaJIbHOI i
Detailed and Simplified CIPOILEHOI MOJIeIeH
Models
7.23 | AC7 — Sensorless Brushless  |be3matunkoBuii, O€3KOHTAKTHHHA
DC Motor Drive During SpeedjenekrponpuBos 3 ABUTYHOM
Regulation MOCTITHOTO CTpyMy npu
[pEryJIFOBaHHI IIBUIKOCTI
7.24 | AC8 — PM Synchronous 3HP |EnexkrponpuBoa Ha 0CHOBI
Motor Drive CHHXPOHHOT'O JIBUT'YHA
MOTYXHICTIO 3 KiHChKi CHIIH
7.25 ACS8 — PM Synchronous 3HP |[EnexkrponpuBoa Ha 0cHOBI
Motor Drive CHHXPOHHOT'O JIBUT'YHA
MOTYXHICTIO 3 KiHChKi CHIIH
7.26 ACS8 — Comparison Between [3piBHAHHS JeTanbHOT 1
Detailed and Simplified CIPOILEHOI MOJIeIeH
Models
7.27 AC9 - Single-Phase Induction |Ognoda3zuuit ACHHXPOHHHH

Motor Drive

[IBUT'YH
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7.28 DCI1 - Two-Quadrant ~ [JIBOKBaJipaHTHHI €JIEKTPONPHUBOI HA
Single- Phase Rectifier 5 |ocHoBi onHOda3zHOro BUNpSIMISIYA i
HP DC Drive (DC - NBUTYHA MOCTIHHOTO CTpyMy
direct current, MOCTIHHUHN [TOTY>KHICTIO 5 KIHCHKUX CHIT
CTpyM)
7.29 DCI1 - Two-Quadrant ~ [JIBOKBaJipaHTHHI €JIEKTPONPUBOI HA
Single- Phase Rectifier 5 jocHoBi ogHO(a3zHOrO  BHUIIPSIMIIAYA,
HP DC Drive with NBUTYHA MOCTIHHOTO CTpyMy
Regenerative Braking  MOTyXHiCTIO 5 KIHCBKMX CHJI T4
System CHUCTEMU
EKYIIepaTHBHOTO TraJIbMyBaHHSI
7.30 DC2 - Four-Quadrant ~ [HoTHpuKBagpaHTHUH €JIEKTPOIPHBOJ
Single- Phase Rectifier 5 |Ha ocHOBi omHO(Ma3HOTO BUIpSAMIIYA i
HP DC Drive NBUTYHA TIOCTIHHOTO CTPYMY
MOTYXHICTIO 5 KIHCHKHX CHJI
7.31 DC3 - Two-Quadrant  [JIBOKBaJipaHTHHI €JIEKTPONPHUBOI HA
Three- Phase Rectifier  jocHoBi TpudasHoro Bumpsmisda i
200 HP DC Drive NBUTYHA MOCTIHHOTO CTpyMy
noTyxHicTio 200 KiIHCBKHX CHII
7.32 DC4 - Four-Quadrant ~ [HoTUpuKBagpaHTHUH €JIEKTPOIPHBOJL
Three- Phase Rectifier  [Ha ocHOBiI TpudazHoro Bumpsmisia i
200 HP DC Drive NBUTYHA TIOCTIHHOTO CTPyMY
noTyxHicTio 200 KIHCBKHX CHII
7.33 DC4 - Four-Quadrant ~ [HoTUpuKBagpaHTHUH €JIEKTPOIPHBOJ
Three- Phase Rectifier — [0e3 umpkynsmii crpymMy Ha OCHOBI
200 HP DC Drive with norpudasHoro BuIpsiMisda i IBUTYHA
Circulating Current MOCTIHOTO CTPYMY MOTYKHICTIO
200 KiHCBKUX CHII
7.34 DCS5 - One-Quadrant ONHOKBaJpaHTHUN  ENeKTPONPHUBOA

Chopper 5 HP DC Drive

MOCTIHHOTO CTPyMy TOTYXHICTIO 5
KiHCBKUX CHJI Ha
OCHOBI IOHM)KYIOUOTO TIEpETBOpIOBaya
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7.35 | DCS5 - One-Quadrant OMHOKBaJpaHTHUN  EIEKTPOIPHUBO/Y
Chopper 5 HP DC Drive [nocTiiiHOTO CTpyMy MOTYXHICTIO 5
with Hysteresis Current  |KiIHCBKUX (70| Ha OCHOBI|
Control [OHIKYIOUOT0 TIepeTBOpIOBaya 3

ricTepe3uCHUM KOHTPOJIIOBAaHHSIM
cTpyMy

7.36 | DC6 — Two-Quadrant JIBOKBaipaHTHUN eNIEeKTPONPHUBOJ
Chopper 200 HP DC MOCTIHOTO CTpyMy TOTYXxHicTio 200
Drive KiHCBKHX CHJI Ha OCHOBI

[OHIDKYIOUOT0 TIEPEeTBOPIOBAYA

7.37 | DC7 - Four-Quadrant YoTHprKBapaHTHUN eNeKTPONPHUBO
Chopper 200 HP DC MOCTIHOTO CTpyMy TOTYXxHicTio 200
Drive KiHCBKHX cuI Ha OCHOBI|

[OHIDKYIOUOT0 TIEPEeTBOPIOBAYa

7.38 | Mechanical Shaft MexaHiuyHHH BaT

7.39 | Speed Reducer PenykTop

7.40 | Mechanical Coupling of |[MexaHiuHe 3’€IHAHHS JBOX
Two eNeKTpOonpHBOAIB |
Motor Drives I

7.41 | Mechanical Coupling of |[MexaHiuHe 3’€IHAHHS JBOX
Two enexTponpuBoiB II
Motor Drives 11

7.42 | Winding Machine bapabanna siebinka midTa

7.43 | Robot Axis Control Using |YripaBimiHHS ~ CTENEHIO  PyXOMOCTI
Brushless DC Motor poboTa 3a JOrOMOTr 0k
Drives CIICKTPOIIPUBOJa 3  OC3IIUTKOBUM

JIBUT'YHOM MIOCTIHHOTO CTPYMY

7.44 | Aircraft Electrical Power ['enepyBanHs u PO3MOiTEHHS
Generation and ENIEKTPUYHOI OTYXHOCTI
Distribution niTaka
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8 FACTS MODELS (MOAEJII THYYKHUX CUCTEM
HEPEJAYI 3BMIHHOT'O CTPYMY,
FACTS - FLEXIBLE ALTERNATING CURRENT
TRANSMISSION SYSTEMS)

Tabmuus 8.1 — FACTS Models (Mopaeni rHyYKuX CHCTEM Iepenadi
3MIHHOT'O CTPYyMY)

Q.1

Thyristor-Based HVDC
Transmission System
(Detailed Model)

(HVDC — high-voltage direct
current, JiHIS BUCOKOL
HATPyry HA MOCTIHHOMY

CTpyMi)

BurcokoBoibTHA crcTeMa (JTiHist)
eNeKTpornepeaayi Ha MOCTIHHOMY CTPyMi,
3acHOBaHa HA THUPHCTOPAx (JeTaiizoBaHa
MOIEITh )

3.2

Thyristor-Based HVDC
Transmission System
(Average Model)

BucokoBoibTHA crcTeMa (JTiHist)
eNeKTporepeaayi Ha MOCTIHHOMY CTPyMi,
3aCHOBAaHA HA TUPUCTOPAX

(3BUUaitHa MOJEIIb)

8.3

VSC-Based HVDC
Transmission System
(Detailed Model)

(VSC — voltage source
converter, mepeTBOPIOBaY
HATIPYTH)

BucokoBoibTHA crcTeMa (JTiHist)
eNeKTporepeaayi Ha MOCTIHHOMY CTPyMi,
3acHOBaHa Ha

reperBoproBadi Hanpyru (Jleranizorana
MO/IEITh )

8. 4STATCOM (Phasor Model) |CraTtnunuii kommeHcaTop
(STATCOM - Static (BexkTopHa monens)
Compensator)

8.5STATCOM (Detailed Model) |Cratinunuii kommneHcaTop

([eranizoBana Mojielnp)

3.6

D-STATCOM (Detailed
Model)
(D — distribution)

Po3mnoineHnii CTaTHYHUN KOMIICHCATOP
([eranizoBana MozeIb)

3.7

D-STATCOM (Average
Model)

PosmnoinieHnii CTaTUYHUI CUHXPOHHUH
KOMIIEHCATOP

(3BUuaitHa MoJeNIb)
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8.8

SSSC (Phasor Model)

Uses: Control System
(SSSC — Static Synchronous
Series Compensator)

[TocnigoBHUI CTATUYHHI CUHXPOHHUI
komreHcarop (BekTopHa Mozenn)
3acTocyBaHHS: CHCTEMa YIPaBIIiHHS

8.9

SVC (Phasor Model)
(SVC — Static Var
Compensator)

CTaTHYHUN KOMIIEHCATOP PEaKTUBHOI
MOTYXHOCTI
(BekTopHa Mozeb)

3.10

SVC (Detailed Model)

CTaTHYHUN KOMIIEHCATOP PEaKTUBHOI
MOTYXHOCTI
([leranizoBaHa MoJienb)

Q.11

TCSC (Phasor Model)
(TCSC — Thyristor Controlled
Series Capacitor)

JlonaTkoBa €MHICTh 3 THPHCTOPHUM
YIIPaBIIiHHIM
(BekTopHa Mozenn)

8.12TCSC (Detailed Model) JlonaTkoBa €EMHICTh 3 THPUCTOPHUM
YIIPaBIIiHHAM
([eranizoBana MoJieInsp)

8.13]SVC and PSS (Phasor Model) (CraTnynmii KoMneHcaTOp peakTHBHOT

(SVC — Static Var
Compensator, PSS
— Power System Stabilizers)

MOTYXHOCTI 1
cTa0lIi3aTOp EHEPrOCUCTEMH
(BekTopHa Mozen)

8.14UPFC (Phasor Model) Uses:  [O6’eqnanuii peryasTop IOTOKY
Control System (UPFC — notyxHocti (BekTopHa Mozaenb)
Unified Power Flow 3acTocyBaHHS: CHCTEMa YIPaBIIiHHS
Controller)
8.15UPFC (Detailed Model) 006’ eqHaHUN PETYATOpP TOTOKY
notyxHocti ([leranizoBana
MOJIEITh )
8.16OLTC Phase Shifting dazo3cyBHUH TpaHchopMaTop

Transformer (Phasor Model)
(OLTC — On-load tape changer)

3 PEryIOBaHHSM ITiJ] HABAHTAXKCHHAM
(BekTopHa Mozenn)

8.17

OLTC Regulating Transformer
(Phasor Model)

Tpanchopmartop 3 perynoBaHHIM
HATPYTH 1117l HABAHTAKEHHIM
(BekTopHa Mozeb)
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9 RENEWABLE ENERGY
(BIJHOBJIIOBAJILHI JKEPEJIA EHEPTIi)

Tabmuns 9.1 — Renewable Energy (BimHOBIIOBaNBHI JDKEpena
eHeprii)

9.1

Home Energy

JlomMaIHs CUCTEMa yIpaBIiHHS

Management System CHeprieio

9.2 |Simplified Model of a CripoliieHa MoJIellb MajIoMacIITaOHOT
Small Scale Micro-Grid  |MikpociTKH

9.3 |Single-Phase, 240 Vrms, [Oanoda3sna, 240 B, 3500 Bt 6e3
3500 W Transformerless pancdopmaTopHa
Grid-Connected PV Array (potoenextpuuna Gatapes,

ITiIKJTFOUEHA JI0 MEPEXKI

9.4 250-kW Grid-Connected 250 kBt ¢otoenexrpuyna Gatapes,
PV Array MiAKITIOYeHa 10 Mepexi

9.5 {400-kW Grid-Connected [3Buuaiina monens 400 kBt
PV Farm (Average Model) (poToenekrpuunoi 6ataperinoi

CIIeKTPOCTaHIIIT

9.6 |Partial Shading of a PV [HacTkoBo 3aTeMHeHa
Module (doroenekTpuyHa OaTapes

9.7 [24-hour Simulation of a 24 roguHHA cCUMYJSIS pOOOTH
Vehicle-to-Grid (V2G) CHUCTEMU
System

9.8 |Detailed Model of a 100- |[IeramizoBaHa MOJEIb
kW Grid-Connected PV 100 kBt ¢oroenekrpuunoi
Array OaTapei, MAKIIOYEHOT 10 MepexKi
(PV — Photovoltaic)

9.9 |Average Model of a 100- [3puuaiina moxens 100 kBt
kW Grid-Connected PV boroenekrpuuHoi 6aTaperi,
Array MiAKITIOYEHO] 10 Mepexi
'Wind Farm (IG) BitpsiHaenekTpocTaHIIist

9.10 |(IG — induction generator |(ACHHXpOHHUHTEHEPATOP)

or asynchronous generator)
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9.11

'Wind-Turbine
Asynchronous Generator
in isolated Network

|ACHHXPOHHHUI TeHepaTop 3
BITPSIHOIO TYpOiHOIO B 13071b0BaHii
MepeKi

9.12 |Wind Farm (DFIG Phasor |Birpsina enextpocranuist (BekropHa
Model) MOJIeJb TeHepaTopa MoABIHHOTO
PKUBJICHHS)
9.13 |Wind Farm — DFIG BitpsiHa elekTpocTaHIis —
Detailed Model neranizoBaHa MOJENb TeHepaTopa
MOJBIIHOTO KMBJICHHS
9.14 |Wind Farm — DFIG BitpsiHa elekTpocTaHIlis — 3BUYaiiHa
Average Model MOJIeJIb TeHepaTopa MoABIHHOTO
PKUBJICHHSI
9.15 |Wind Farm — Synchronous [BiTpsiHa enektpocTaHiiisi —
Generator and Full Scale |meranizoBana Moaenb CHHXPOHHOTO
Converter (Type 4) reHepaTopa u
Detailed Model IMOBHOMACIIITAOHOT'O MEPETBOPIOBaYa
9.16 |Wind Farm — Synchronous |[BitpsiHa enexTpocTaHIlisi — 3BU4aiiHa
Generator and Full Scale Mozmenb CHHXpOHHOTO TeHepaTopa Ta
Converter (Type 4) MOBHOMACIIITA0OHOT O
Average MepeTBoproBaya
Model
9.17 |Solid-Oxide Fuel Cell TBepIOOKCUIHU MATMBHUN SIIEMEHT,

Connected to Three-Phase

Electrical Power System

3B’sI3aHUM 3 TPU(PA30BOIO
CIICKTPUYHOIO CHCTEMOIO
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