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PRIMENA PROGRAMSKIH ALATA U
ELEKTROENERGETSKIM PRORACUNIMA

MATLAB/Simulink



moduli

U V O D MATLAB-a

-

MATLAB — programski alat za reSavanje matematickih problema, analizu
podataka i vizuelizaciju:

Numericka analliza

Matricni racun

Obrada podataka

Graficki prikaz

Jednostavno izrazavanje matematickih problema, na nacin kako se pisu u
matematici

MATLAB — programski jezik koji omogucava jednostavnije reSavanje
matematickih problema, potisnuo je FORTRAN, BASIC i C.
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uvod

osnovni

I\/l O D U L I blokovi

Simulink-a

MATLAB-a -

Tabela 2.1 — Dodatni moduli programskog alata MATLADB

Modul

Naziv

Simulink toolbox

Control system toolbox

Signal processing toolbox
Optimization toolbox

Neural network toolbox

Spline toolbox

Robust-control toolbox
Analysis and synthesis toolbox

Nonlinear control design toolbox

Statistics toolbox
Simbolic math toolbox
Image processing toolbox
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osnhovni

bk POWER SYSTEM g

Simulink-a

- BLOCKSEET |

Oblasti primene ovog modula su:

Analiza elektroenergetskih mreza

Proracun tokova snaga mreze

Analiza prelaznih procesa u mrezi

Analiza mreza sa nelinearnim elementima (odvodnici prenapona)
Analiza statiCke i dinamiCke stabilnosti sinhrone masine

Analiza kola za vektorsko upravljanje asinhronih pogona

Analiza rada jednosmernih masina

Proracun pobudnih kola sinhronih generatora

Rl O Ol 09 e

Analiza i proraCcun parametara parnih i hidroturbina

2/14
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oshovni

b!okoyi POWER SYS“EM primena

Simulink-a

- BLOCKSET

ﬁ Library: powerlib
File Edt View o2 Help

1 ‘Wfl
4112320312 ][~]

Electrical Elements Power Machines Connectors Measurements
Sources Electronics

Discrete system
Ts=5e-005

Power System Blockset
Copyright 1997-2000 TEQSIM International, Inc., under sublicense
from Hydro-Quebec, and The Mathifods, Inc.

I_Lihlary: poweirlib/Electn

AL

o

<L

_l. DC Voltage Source

"L
I;”u] AC Voltage Source

A
-+

1/ 14 lij:) AC Current Saurce

MATLAB-a
_

cal Sources _ [Of x]

Controlled Valtage Source

:'

Controlled Current Source 3/14
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oshovni

bt POWER SYSTEM e

MATLAB-a

- BLOCIKSET —

F’Libraly: powerlib/Elements -F]E
File Edit View Fomzl Help

T >

Series RLC Branch

>

Series RLC Load

Three-phase
Transformer
(Two Windings)

Linear Transformer

>l
>—W—> Saturable Transformer

T
Mutual Inductance

Fl Section Line
1

Breaker = Three-Fhase

Transformer
[ (Three Windings)
>_|||||"_> Distributed Parameters Line
Surge Arester

R— Extra Library ) %
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oshovni

e EEVVIERESNWSIEEN]

Simulink-a

- BLOCKSET

FII:LII'JIdIIrI. poweilib_extrazs/Thiee-Phase Libramp

File Edt View (o2 Help

All these 3-phase elements are masked blocks built with single-phase elements of the powerlib library.
Look under mask to see how they are built.

3- Phase RLC
Saries Load

Inductive source
wiith neutral 3-Phase Breaker
3-Fhase RLC
Farallel Load

Fault
HB
AB-G

Jc Thres-phase

Linear Transformer
3-Phase Fault 12-terminals

primena
MATLAB-a

3/14
—
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“osnovni

DoKW E@VVERSSHSIIEI

Simulink-a

- BLOCIKESIET

Block Parameters: Pl Section Line  X|

Fi Section Line [mazk] (link)
‘ Pl section kransmission line. \

Farameters
Frequency used for B L C specification (Hz)

g

Resistance per unit length [Ohrnsdkm):

0.2568

Inductance per unit length [HAm]:

2&-03

Capacitance per unit lenagth [Fm);

Length [km]:

Mumber of pi sections:

I 1

Measurements I Mone v I
4/14

. Cancel
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“osnovni
blokovi
Simulink-a

-

5114

E@VVERSSHSIIEI

BLOCIKESIET

Block Parameters: Distributed Parameters Line | x|

Distributed Parameters Line [mask] (link]

Implements a M-phases distributed parameter line model. The R,L, and C
line pararneters are specified by [NxN] matrices.

To model a twa-, three-, or a siv-phaze symetrical line pou can either
specify complete [NxMN] matrices or simply enter sequence parameters
vectors: the positive and zero sequence parameters for a two-phase or
three-phase transposed line, plus the mutual zero-sequence for a
six-phase transposed line [2 coupled 3-phase lines)

Parameters

Mumber of phazes N

Frequency used for R L C specification [Hz)

50

EIEsi?lance per unit length [Ohms/km]  [M*MN matriz] or [R1 RO

[0.01273 0.3864]

Inductance per unit length [H/km] [M*N matriz ] or [L1 LO LOm]
-3 4.1264e-3]

Capacitance per unit length [FAemn) [N*N matrix] or [C1 C0O COm]

Line length [krm]
I 300
Measurements [T ~
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~osnovni
blokovi
Simulink-a

=

E@VVERSSHSIIEI
BLOCIKESIET

Block Parameters: Breaker

Breaker [mask] [link)

Implements a circuit breaker with internal resistance Ron [Ron, required
by model , cannat be set ta zero].

First input (1] and output (2] are the two breaker terminals. 2nd input [c)
is a Simulink logical signal controlling the breaker. “hen 2nd input
becomes greater than zemo the breaker cloges ingtantaneously. When
Znd input becomes zero, the breaker opens at the nest current
Zero-croseing,

Parameters
Breaker resistance Bon [Ohm):

Initial state [ O for ‘open’ . 1 for 'cloged' |:

e

Snubber resistance Rs [Ohms):

Snhubber capacitance Cs [FJ:

S

¥ Eztemnal control of switching times

Measurements [ TTEARRR_—_

Cancel

primena
MATLAB-a
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“osnovni
blokovi
Simulink-a

-

7114

E@VVERSSHSIIEI
BLOCIKESIET

Block Parameters: Three-Phage Transformer [Three Windin... B4
Three-Phase Transformer [Three Windings) [mask] (link]

This block implements a three-phase transformer by using three
zingle-phase transformers. Set the winding connection to “n' when vou
want to access the neutral point of the %ye [for winding 1 and 3 only).

Parameters

Part Configuration | 1R I g ElS

MNominal power and frequency [ Prida] | fn(Hz] ]
[ 250e6 , EO ]

Winding 1 [ABC) connection; "f ' j

Winding parameters [ V1 Ph-Ph¥mns] , B1(pu] . L1[pu] ]
[¥35e3,0.002,0.08]

Wwinding 2 [abc-2) connection: w - I

‘Winding parameters [ V2 Ph-Phivrms] . B2(pu) . L2[pu] ]
[315e3,0.002,003]

‘Winding 3 [abc-3] connection:

Winding parameters [ ¥3 Ph-PhlYmns) . B3(pu) . L3[pu] |
I F5e3.0002,008]

[T Saturable core

Magnetization resistance Rm{pu):

4 agnetization reactance Lm{pu)

—
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primena
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oshovni

DoKW EEVVIERESNWSIEEN]

Simulink-a

— BLOCKSET

primena
MATLAB-a

| ™) Libramy: powetlib_extraz/Thiee-Phaze Libtary/3-Phaze Fault

(= o -

Fground

Pogled ispod maske

Projektovanje pomocu racunara u elektroenergetici, Z. Stojkovi¢

=100 x|

10/14

g



osnhovni
blokovi
Simulink-a

-

9/14

-
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Frample 1- Carck Phased Fadlt znd Rrwnd Fak b peogam A fat
betw=en phase & and lhe ground.

—Harameters

[~ Phase CFault

aulk resistarces MNon (owms) :

v Grourd Faut
Gro.ind resislanze Rg [ohme)

U,I_LI'I

I~ Esteinal comtid ol Taull Guimg
Transition status [1,0,1 )

[1 0]

Transition hiees (=]

| | /6L 5/60°

Sample time of fie inkernal trnee Tafs:
IU—
Snubbzars resistance Rp johms
Iinf—
Snubbers Lapacitencs Lp [Farad)

irf

Masssmerts |hore

Canzel I Help | ool

POMYIER SYST
BLOCKSET

Block Farameters: 3-Phase Fault
— Threa-Phase Failt ‘mazk| (link)

Usze this block to program a fault {shon-cicul) tetween any phase and
b guerid “ruu can define e laul Gning deectly foom e didoyg Do o
apply an cstemal logizal signal. IF pou eheck the Externsl contal' boy |,
the externzl contiol put will appear.

Example 2 Creck Phase A Fault 2nd Prase B Fault to program 3 fault
betw=en phase & and B.

Ulck on Help or meee details

'EM

primena
MATLAB-a

|_
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oshovni

DoKW EEVVIERESNWSIEEN]

Simulink-a

— BLOCKSET

| =] Library: powerlib/Power Electronics [ [=] B3

FOIIfE

Universal Bridge

Contral blodks

Extra Library

.J - |
10/14 ’

Detailed Thuristor Extra Librans
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“osnovni

DoKW E@VVERSSHSIIEI

Simulink-a

- BLOCIKESIET

Block Parameters: Synchronous Machine pu Fundamental Ed

Svnchronous Machine [mask) [link)

Implements a 3-phase spnchronous machine modelled in the dg rotor
reference frame. Stator windings are connected in wye to an internal
neutral point. Press help for inputs and outputs description.

Parameters

Rotor type: M
Nom. power, L-L volt. and freq. [ PrvA] Ynlvims] fr(Hz] |
[187E6 13800 6O

Stator [ R LI Lend Lrng ] [pu):

[ 2.8544E-03 011436 1.1906 0.35964 ]

Field [ Rf LIfd ] [pul;

[5.7947E-04 011369]

Dampers | Rkd,Llkd Rkaql Llkgl ] (pu):

[1.1685E-02 018167 1.9718E-02

Coeff. of inertia, friction factor and pole pairs [ H(s) Flpu] pl) }
[inf O 20]

Init. cond. [ dw(*] thideg] ia.ib.iclpu) pha.phb.phcideg] {pul

[~ Simulate saturation

1114
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primena
MATLAB-a
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~ osnovni
~ blokovi
Simulink-a

-

12/14

E@VVERSSHSIIEI
BLOCIKESIET

Block Parameters: Asynchronous Machine pu Units | X

Azunchronous Machine [mask] [link)

Implements a three-phase aspnchronous machine (wound rotor or squirrel
cage] modelled in the dg rotar reference frame. Stator and rator windings
are connected in wpe to an internal neutral point. Prezs help for inputs
and outputs description,

Parameters

Rotor type:  [ESNM— -
Reference frame: I Rotor - |

Mom. power,L-L volt. and freq. [ Prlva)Ynlms) fn(Hz] 1
[ 3746, 220,60]

Statar [ Rs,Lls | (pu):
[ 0020100349

Rotor [ Br'.LIr' ] [pu]:
[0.0377.0.0349]

Mutual inductance Lm [pu):

Inertia constant friction factor and pairs of poles [ H(s) Flpu] p[)
[ 0.7065,0,2]

Initial conditions [ s[] th{deq] isa.isb.isclp.u] pha.phb.phc(deq)
['I,I:I 000 [I,I:I,[I]

Cancel I Help I Lepply |
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primena
MATLAB-a
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oshovni

bk POWER SYSTEM g

Simulink-a

- 2L OCKEET =

I_Lihrau.!: powerlib/Measurements O] x|
File Edt View Fomat Help

Yaltage Measurement |I| o
hMultimeter

Current Measurement

Measurement

) blocks
oz

Impedance Measurement Extra Librans

Dizscrete
Meazurement
blods

13/14 Extra Librany
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~ Power

< PRIMENA

Blockset

MATLAB-a

urbinski

requlator
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Tropolni kratak spoj na sabirnicama C.

Prekidaci 1, 3', 3", 4/, 4", 5 i 6 su ukljuceni.

Kvarovi na 220 kV strani se iskljucuju za 0,2 s.

Efikasno uzemljno zvezdiste.

Klasi¢an proracun: k=1,1 — subtranzijentni period

. Efektivna vrednost struje kvara: k=1,15 — tranzijentni period

k=1,20 — ustaljeni period

0,01 R
- Priblizna vrednost udarne

= \/E 11+e Tae . ||: komponenete struje kratkog spoja na
sabirnicama C

Primena Simulink-a: Resenije:

| Primer primene [ie (k4)

I\Jm( all pmtup ik

(220 kV)




Power

Systen PRIMENA

Blockset

MATLAB-a

CSPEEAD)

SPLCAD - softver za projektovanje srednjenaponskih nadzemnih vodova (MATLAB, MO Acess,
MO Excel):

Georeferencirane podloge N
('I'Q:yz)

3D model terena

Ucitavanje i obrada podataka iz GPS uredaja

Baza podataka /

Mehanicki proracun:

- Horizontalno naprezanje provodnika
- Izbor referentnih uslova
- Proracun promene stanja provodnika

- Ugibi i vertikalne udaljenosti ,
- Asinhrono njihanje usled vetra Primer:

- Mehanicko naprezanje
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SPLCad 2008 v1

0: Rezultati proracuna [razmak provodnika]

SPLCad 2003 11,0,

lzbot UTh 2500 [ Aktivan proj

j
lhqm-nwn)rum-w- GE0.
SHON- N G0 g OO




Power
System
Blockset

[Zzbor:

opreme

PRIMENA
MATLAB-a

AUrpINSKI:

egulator;

Turbinski regulator hidroelektrane ,Kokin Brod®.

Tehnicke karakteristike hidroelektrane:

1. Podaci o hidroelektrani (HE)

Snaga elektrane

22.5 MW

Ukupan instalisan protok

37.4 m*/s

Tip elektrane

Pribranska

Datum prve sinhronizacije

23.03.1962.

2. Turbina

Proizvodac

Litostroj

Tip turbine

Francis 1.45/230

Instalisana snaga

11.25 MW

Broj obrtaja

375 min—1

Maksimalan pad

72 m

Minimalan pad

36 m

3. Generator

Proizvodac

Rade Konear

Prividna snaga

12.5 MVA

Aktivna snaga

11.25 MW

Faktor snage

0.9

4. Blok transformator

Proizvodac

Rade Konécar

Naznacena snaga

12.5 MVA

Prenosni odnos

121/6.3 kV

Ukupna zapremina akumulacije

250 - 106 m?

PHmer:

Maksimalan energetski sadrzaj 202 GWh

Projektovanje pomocu racunara u elektroenergetici, Z. Stojkovi¢




