simPowerSystems™

ser's Guide

P R2013a

Hydro-Québec

Dipindai dengan CamScanner



F Acknowledgments

Getting Started

Product Description

............................... 1-2
Key Features ............... ... ... ... .. . 1-2

Product Overview ............. .. . ... .. .. .. .. . .. . . 1-3
Introduction

...................................... 1-3
The Role of Simulation in Design ..................... 1-3
SimPowerSystems Block Libraries ................... 1-4
Required and Related Products ...................... 1-6

Building and Simulating a Simple Circuit ........... 1-8

Introduction

Building the Electrical Circuit with powerlib Library . ... 1-9
Interfacing the Electrical Circuit with Other Simulink

Blocks
Measuring Voltages and Currents . ................... 1-15

Basic Principles of Connecting Capacitors and Inductors .. 1-16

Using the Powergui Block to Simulate SimPowerSystems
Models

........................................ 1-17
Analyzing a Simple Circuit ......................... 1-19
TtroAUCEION. « s e nnmnsmes§dGsésissbibeRapsduss 1-19
Electrical State Variables .......... ... ... ... 1-19
State-Space Representation Using power_analyze ....... 1-20
Steady-State Analysis . ..o 1-20
Frequency Analysis ...........eeooomaiinaaaa .. 1-22
Specifying Initial Conditions ....................... 1-28
Introduction «..voveneeeeereomnnansaneanmaeacanneeens 1-28

Dipindai dengan CamScanner



nl e 2] 7- oY L ¥ o S S T T S S T R BRI
State Variables .o 1-28

Initial States oo EEERREE SRCRRNEREE EEEPRRPRIPy 129
Specify Initial Electrical States with Powergul ..o, 1-30
Simulating TranSients ......ooeecsoeserioiiiiiie,, 1-34
E T ERIONT s 06 s £ 6 06 B A0 W mwnw R S B E ENE G 2 TR 1-34
Simulating Transients with a Circuit Breaker .......... 1-34
Continuous, Variable Time Step Integration Algorithms .. 1-36
Discretizing the Electrical System .......... : Wk 2 ol ol 1-38
Introducing the Phasor Simulation Method .......... 1-41
INtroQUELION o «ssseneresasnasenaensaesmssrrssnsrnes 1-41
When to Use the Phasor Qolution ..--eenerearereenens 1-41
Phasor Simulation of a Circuit Transient ..........c--- 1-42

Advanced Components and Techniques

2/

Introducing Power ElectroniCs ........eooesseeessocs 2-2
INtrodUCLION . .. veevrerssrmnnmeemesee s 2-2
Simulation of the TCR S0zt ots) ¢ (TEeppp—— LT TR 2-4
Simulation of the TSC Branch ......oovvvnnmerereees 2-8

Simulate Variable Speed Motor Control ............. 2-11
IHEFOALEEION . oo sssravrnmassmsmavsans wrmrmadReganen 2-11
Building and Simulating the PWM Motor Drive ......... 2-13
Using the Multimeter Block ............coooneveennne 2-20
Discretizing the PWM Motor Drive .............oonovn. 2-22
Performing Harmonic Analysis Using the FFT Tool ..... 2-22

Three-Phase Systems and Machines .............. 2-26
R 2-26
Y{Ah’::i‘]‘i' :’[h;’::-'t .Nlc?th.)’rk \ivrith] Electrical Machines ......... 2-26

: : alizatio
Load Flow Tool NYIO0l ininmsmissmdwEsesasniss o te 2-29
................................... 2-32

U sing 3 A .
sing the Phasor Solution Method for Stability Studies .. 2-43

lents

Dipindai dengan CamScanner




3

Introduction

...................................... 2-417
Modeling a Nonlinear Inductance ..o, 2-47
Customizing Your Nonlinear Model .o, 2-H2
Modeling a Nonlinear Resistance «vovviviiiiniiia, 2-55
Creating Your Own Library ....ovirvveeoerroeoannans 2-61
Connecting Your Model with Other Nonlinear Blocks .... 2-61

Building a Model Using Model Construction
COMMREIE .« & vnvs o moiin s 5 s £5 8 0ES § 3 SR 4§ BEW & & 9% 2-65°

How SimPowerSystems Software Works

............. 3-2
Limitations of the Nonlinear Models .................. 3-3
Choosing an Integration Method .................... 3-5
INtrodUction . . .ot i s e e e et et e e 3-5
Continuous Versus Discrete Solution  ................. 3-5
Phasor Solution Method ..., .ot iieeanenn 3-6

Simulating with Continuous Integration Algorithms .. 3-7

Choosing an Integration Algorithm ................... 3-7
Simulating Switches and Power Electronic Devices ...... 3-8
Using the Ideal Switching Device Method .............. 3-9
Simulating Discretized Electrical Systems ........... 3-15
T b O C RO ot o w ot w 3 5§ 3 R 3 508 5 0 609 5 R W S 3-15
Discretizing Switches and Power Electronics ........... 3-16
Discretizing Electrical Machines ..................... 3-21
Increasing Simulation Speed ............. ... ... 3-25
Ways to Increase Simulation Speed ................... 3-25
Using Accelerator Mode and Simulink Coder ........... 3-25
Creating Your Own Library of Models ............... 3-28

Dipindai dengan CamScanner



lents

Change Circuit Parameters .......coererees ,
....... ll'2"

ItroRUCHION o ssaevssavoysmesnpianaaspyetsrssn: ;
Example of MATLAB Script Performing a Parametric "y Bl

------------------------------------
-----

Study

41

Electric Drives LADLAXY . oosoensnnnuensnsrosmrrrcses 4-2
Electric Drives Library OVEXVIEW ...-esvesssrresorcsss 4-2
What Is an Electric DEIVE? oovensnssonnomrsemnreesnss 4-3
Three Main Components of an Electric Drive ......----- 4-3
Multiquadrant Operation . ...-.ecoorssrorit T 4-6
Average-Value MOdEIE o osusnrmiimsmampmaensmamerees 37
User Iterfage . ..ooscs-rrecssesssnss 200 00 4-8
General Layout of the Library’s CEE sssps~mimgame vis 4-8
Features of the GUILE .54 myans 850y wom e FEwA A e PR TS 4-9

Simulate a DC Motor Drive . ..coe-ceeemerrrmsntt " 4-12
Tt dGtITN sies»momysos @ imEe s Ra B AR 4-12
Regenerative Braking ...-eoe-eerernaniert sttt 4-13
Example: Thyristor Converter-Based DC Motor Drive ... 4-13

Simulate an AC Motor Drive ......coeoemcrrserrr it 4-36
T EEOAMEEION. o s - ed m e mesip dEEmam S HETTET I 4-36
Dynamic Brakili@ ssesemesensonrmippranemammenstts 4-36
Modulation TRGhINHUES « 5 v »o s 8% 8« x w3l g8 v = SRHETOTS 4-37
Open-Loop Volts/Hertz Control ...coovronmsrsmerrtss 4-42
Closed-Loop Speed Control with Slip Compensation ... .- 4-43
Flux-Oriented COEHOL 455w msssmmawenimspomnni@eoss 4-43
Direct Torque ClombEol ..c5 s sene sasmamemspgimemy sy 4-46
Example: AC Motor DEIVE csvrronennsinananinsnsor s 4-47

Mechanical Models . ....onoorneeemssrmrrntni 4-65
Mechanical Shaft Blole: o s o 8 8 prmmin s 8 E g Bw ww o HEE RS 4-65
Speed Reducer Blbek s g s powoms s bnEans wap@s@rmsm s SEN 4-66

Mechanical Coupling of Two Motor Drives ........... 4-67

4-67

.....................................

Dipindai dengan CamScanner



System Deserviption

.............................. 4-68
Speed Regulated ACH with Torque Regulated DC2 L. ... 4-70
Torque Regulated AC4 with Speed Regulated DC2 ... ... 4-71

WS IWOIRRET s om € 5o 53 1 0 0 i 6 o 1 G R 4-74
IBESOOONGRIEIT, 1 o 's. s s i 5w 4 00 6 5 00 60655 B & L% 5 A0 3 0 & 3 4-74
Description of the Winder . .....vviiiiiiiinnennnn... 4-74
Block Deseription ...ttt 4-76
Simulation Results ... .o.vttie e, ‘.. 4-79

Robot Axis Control Using Brushless DC Motor Drive .. 4-82
TRBERMMEERONS s 5 505 £ 5 505 5 o roes = et 3 v s s o o st o it i 4-82
Description of the Robot Manipulator ................. 4-82
Position Control Systems for Joints 1and 2 ............ 4-83

Modeling the Robot Position Control Systems .......... 4-84
Tracking Performance of the Motor Drives ............. 4-88
Building Your Own Drive .............. ... . ... ... 4-93
Introduction . ....... .. . . ... . . .. ... 4-93
Description of the Drive . ............c.0uvurieunenn... 4-94
Modeling the Induction Motor Drive . ................. 4-96
Simulating the Induction Motor Drive ................ 4-100
Startingthe Drive ........ ... ... .. ... .. 4-101
Steady-State Voltage and Current Waveforms .......... 4-101
Speed Regulation Dynamic Performance ............... 4-102
Retune the Drive Parameters ....................... 4-104

Modify the Motor Parameters ....................... 4-104

Retune the Parameters of the Flux Regulator .......... 4-105

Retune the Parameters of the Speed Regulator ......... 4-111

Retune the Parameters of the DC Bus Voltage .......... 4-115

Simulate and AnalyzetheResults .................... 4-117

Modify a DriveBlock ............. . ... ... ... ... .... 4-119

Break the Link of the Drive Block . ................... 4-119

Modify the Drive Block .......... ... ... ............ 4-119

Use the Customized Drive Block ................... .. 4-120

Simulate the System and Observe the Results .......... 4-123

The GUI of the Modified Drive Block .................. 4-124
Multi-Level Modeling for Rapid Prototyping ......... 4-126

Dipindai dengan CamScanner



Introduction ....oosvveneeromrnennrresetes
......... 4']26

The System Architecture ......ooveeesrereee

The Simplified Model """" 4-.127
The Average-Value Model ...vvvnornerarnenenes ::: :11-128
TheDetailedModel 4:1131
Comparison of the Multi-Level Modeling Precision ...... 4_1.4?
COROLURION o = ¢ 505 wis e = o wea 8§ 4w e wn $H S wr s HERTHHERE 4-146

&

Transients and Power Electronics in Power

Systems
Series-Compensated Transmission System .....------ 5-2
Description of the Transmission System ... ---:--=77"" 5-2
Setting the Initial Load Flow and Obtaining Steady
BB, 1y g goee B e MBS PR A BRSO 5-8
Tyansient Performance for a Line Fault -....coceeecere 5-9
Frequency ATytB: s g e oo 1 3on = BT Boe e SREEIEE 5-13
Transient Performance for a Fault at Bus B2 .o siuos s 5-16
Thyristor—Based Static Var Compensator . .....-----" 5-20
et S 5-20
Description of the 2 IR P DAL i Al 5-21
Steady-State and Dynamic Performance of the SVC ... 5-24
NGAEoAng Of TOGL - ewomssnwnarsye s sazmems s 2ot T 5-26
GTO-Based STATCOM . .vnvnvmenmm st n 00 5-29
TRbPO@UEHBET 5o+ n o s smem smeme = en s R0 r=t BT Gl 5-29
Description of the STATCOM ...vvnevmrmnss st s 5-30
Steady-State and Dynamic Performance of the
QTATCOM . ovvoevenmremmenmsmn s mn i 5-36
Thyristor—Based HVDCLink .......-cvmerormsmmnns 5-39
Description of the HVDC Transmission System .....-:-- 5-39
Frequency Response of the AC and DC Systems ...~ 5-41
Description of the Control and Protection Systems  ...... 5-43
System Startup/Stop — Steady-State and Step
Re‘f‘.ponse ...................................... 5-48
DETE FEOIE s vsnvomensmamanymow RBEER 0 @m s e SR 5-54

Contents

Dipindai dengan CamScanner



AC Line-to-Ground Fault at the Inverter

--------------

VSC-Based HVDC Link
Introduction . ....... it
Description of the HVDC Link
VSC Control System
Dynamic Performance

.............................

.......................
...............................

Transient Stability of Power Systems Using
Phasor Simulation

6

Transient Stability of a Power System with SVC and

PSS e 6-2
Introduction .......... ... . ... . ... . ... 6-2
Description of the Transmission System ............... 6-2
Single-Phase Fault — Impact of PSS —No SVC ........ 6-4
Three-Phase Fault — Impact of SVC — PSS in Service . .. 6-6
Control Power Flow Using UPFC and PST ........... 6-9
INEroAUCEIGN. & ww s vm s v 6 56 6 9 95 5 e & 506 % 996 & 378 % $5 & ¥ & 5 B4 6-9
Description of the Power System  ..........coc0ivnvun. 6-9
Power Flow Control with the UPFC .................. 6-12
UPFC P-@ Controllabile Replon. .. cuiswevwyve s wmes wss 6-13
Power Flow Control Usinga PST ..................... 6-14
Wind Farm Using Doubly-Fed Induction Generators .. 6-19
Description of the Wind Farm ....................... 6-19
Turbine Response to a Change in Wind Speed .......... 6-23
Simulation of a Voltage Sag on the 120 kV System ...... 6-25
Simulation of a Fault on the 25 kV System ............. 6-27
Index

Dipindai dengan CamScanner



