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Vyvoj otevrenych aplikaci pro analyzu chodu ES

https://wiki.openelectrical.org/index.php?title=Power Systems Analysis Software

AMES GridPACK
DCOPH InterPSS
ATP-EMTP MatDyn
DiSC MATPOWER
Dome Minpower
Elplek Mosaik
GridcCal NEMO
GRIDLAB-D OpenDSS

DalSi popularni nastroje:

Modelica PowerSystems
THYME

4DIAC

MatACDC

pandapower
PowerGAMA
PowerModels.|l
PSAT

PYPOWER
PYPOWER-Dynamics
PyPSA

RAMSES

OpenETran
OpenPMU
SPOT

ObjectStab

RPowerLABS
SmartGridToolbox
TEFTS

UWPFLOW

vSPD

Modelica iPSL
Modelica OpenlPSL


https://wiki.openelectrical.org/index.php?title=Power_Systems_Analysis_Software
https://wiki.openelectrical.org/index.php?title=Power_Systems_Analysis_Software

Vyvoj otevrenych aplikaci pro analyzu chodu ES

PSAT ‘ Sim Power Systems
MatDyn EST
MatPower MatEMTP

Power System Analysis Toolbox (PSAT)l .

PAT

PST __ Zalozeno na platforme
MATLAB

VST

Power System Toolbox (PST)

SimPowerSystems (SPS) (komeréni)  MatPower
Power Analysis Toolbox (PAT) e MatEMTP
MatDyn * Voltage Stability Toolbox (VST)

Educational Simulation Tool (EST)



Vyvoj otevrenych aplikaci pro analyzu chodu ES

PSAT ‘ Sim Power Systems PAT
MatDyn EST PST __ ZaloZzeno na platforme
MATLAB
MatPower ‘ MatEMTP VST
Package | PF [ CPF | OPF | SSSA | TDS [ EMT | GUI | CAD
EST v v v v
MatEMTP v v v v
| Matpower | v v |
PAT v vV v v
| PSAT v | v v v v v v |
PST v v v v
SPS v v v v v v
VST v v v v v




Vyvoj otevrenych aplikaci pro analyzu chodu ES

PSAT ‘

MatDyn __ Zalozeno na platforme
MATLAB|/ Octave / ...|

MatPower

—

Néekteré Open-Source aplikace pro MATLAB jsou soucashé
kompatibilni s Open-Source prostredim GNU-Octave:

https://www.gnu.org/software/octave/



https://www.gnu.org/software/octave/
https://www.gnu.org/software/octave/
https://www.gnu.org/software/octave/

Vyvoj otevrenych aplikaci pro analyzu chodu ES

—|- PSAT ‘
MatDyn __ Zalozeno na platforme
A MATLAB / Octave / ...
MatPower l
Pylon n

> PyPower —> GridCalc

— Zalozeno na platformeée

> DOME

Python

PyPSA
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PSAT

‘

ObjectStab
SPOT

PowerSystems

>  jTesla/iPSL

Zalozeno na platformé
MATLAB / Octave / ...

—> Electric Power Library

—|-> OpenlPSL

Zalozeno
= na platforme
Modelica

GridLAB-D

DYNAST

Univerzalni simulacni nastroj s vlastnim jadrem




Vyvoj otevrenych aplikaci pro analyzu chodu ES

Schopnosti Package Language PF|CPF|OPF|EA|TDS|EMT|GUI|CAD
Vybl’a nvch AMES Java v v
, .o EST Matlab v VIV v
nast rOJ u InterPSS Java v v v | v
pro analyzu MatDyn  [Matlab v v
chodu ES: MatEMTP |[Matlab v |v]Vv
Matpower  |Matlab v v
ObjectStab |Modelica v VI Vv v v
OpenDSS Delphi v v v | Vv
PAT Matlab v v |V v
I PSAT Matlab, Octave| v | v v |V |V v v
PST Matlab V|V |V
Pylon Python v v v | v
UWPFLOW |C V|V
Poznamka: EA = SSSA VST Matlab 7| | v v




Vyvoj otevrenych aplikaci pro analyzu chodu ES

Schopnosti
vybranych
nastroju
pro analyzu
chodu ES:

Poznamka: EA = SSSA

Package Language PF|CPF|OPF|EA|TDS|EMT|GUI|CAD
AMES Java v v

EST Matlab v |V v
InterPSS Java v v v v
MatDyn Matlab v v

MatEMTP |Matlab v v v v
Matpower  |Matlab v v

ObjectStab  |Modelica v v|v v | Vv
OpenDSS Delphi v v v | Vv
PAT Matlab v v | v v
PSAT Matlab, Octave| v | v v |V |V v v
DOME Python +| + |+ |+ +

OpenlPSL | Modelica + ++ | + |+ | +
DYNAST Fortran, C +| + + | + | +




Vyvoj otevrenych aplikaci pro analyzu chodu ES
Formaty souboru otevrenych aplikaci pro analyzu chodu ES:

<€
> PSAT > |IEEE .cdf
I A |
|
-> MATPOWER .m 1
Pylon

> PyPower.m —> GridCalc .xlIsx



MatPower
m ]

<« C | @ www.pserc.cornell.edu/matp @ Ir
f
A MATLAB Power System Simulation Package
by Ray D. Zimmerman, Carlos E. Murillo-Sanchez & others
P ERC MATPOWER is a package of MATLAB® M-files for solving power flow and optimal power flow problems. It is
, intended as a simulation tool for researchers and educators that is easy to use and modify. MATPOWER is designed

to give the best performance possible while keeping the code simple to understand and modify. It was initially
developed as part of the PowerWeb project.

Download

NOTICE: RFF will be hiring an individual to do power system simulation software development.

GitHub Project See the energy job announcement at www.rff.org/about/careers.

Getting Started Download MATPOWER e (0
You will be asked to fill out a brief form the first time

What's New you download certain software from this site. Please see the LICENSE file for the details. But here is the summary ...

= Beginning with version 5.1, the code in MATPOWER is distributed under

the 3-clause BSD license.

MATPOWER is distributed in the hope that it will be useful, but

MATPOWER 60 WITHOUT ANY WARRANTY.

Related Links - i While not required by the terms of the license, we do request that
(current stable version is 6.0) publications derived from the use of MATPOWER explicitly acknowledge

that fact by citing [2]. Additionally, we request that publications derived

Optional Solvers Download Now from the use of the MATPOWER Optimal Scheduling Tool (MOST),

explicitly acknowledge that fact by citing [4] as well as [2].

Documentation

See also Optional Packages below.

Mailing Lists ) [2] R. D. Zimmerman, C. E. Murillo-Sanchez, and R. J. Thomas,
For full documentation, see the "MATPOWER: Steady-State Operations, Planning and Analysis Tools far
MATPOWER User’s Manual. Power Systems Research and Education,” Power Systems, IEEE
‘ FAQ Transactions on, vol. 26, no. 1, pp. 12-19, Feb. 2011.

[4] C. E. Murillo-Sénchez, R. D. Zimmerman, C. L. Anderson, and R. J.
Thomas, "Secure Planning and Operations of Systems with Stochastic
Sources, Energy Storage and Active Demand,” Smart Grid, IEEE
Transactions on, vol. 4, no. 4, pp. 2220-2229, Dec. 2013.

http://www.pserc.cornell.edu/matpower
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[
. [ /\ N Research oriented
L -
GridCal || \}w' \/\/\W Power systems software

B About Gridcal e |

GridCal is a research oriented electrical grid calculation software,
GridCal has been designed by Santiago Pefiate Vera since 2015.

The calculation engine has been designed in an object oriented fashion.
The power flow routines have been adapted from MatPower, enhancing
them to run fast in the object oriented scheme.

The source of Grideal can be found at:
https://github.com/5anPen/GridCal

Gridcal version 1,38

Gridcal is licensed under the GNU general public license v.3

lend | Hoata

https://github.com/SanPen/GridCal
https://pypi.python.org/pypi/GridCal




GridCal

branch 0

loading:  0.0000 [%a]

Power: 410.2679+41.8020] [MVA]
Losses: 10.2769-58.1873) [MVA]

Bus voltage

(1+03)
(1.01249663514+0.002610330658997)
(0.901083399485-0.2559390683247)

Branch power
branch 0 (410.267890265+41.8020313205j)
branch 1 (39.7241365202+113.3128049723j)

Branch losses
branch 0 (10.2769079851-58.18728614047)
branch 1 (0.164437384923-27.4795175534j)



Vypocetni engine
prostredi
PSAT - Power System
Analysis Toolbox

Pouze nékteré, ale klicové
schopnosti jsou vyuzitelné na
platformeé GNU Octave:

MATLAB

g
&
0
i

Optimal PF

Continuation PF

PMU Placeme nt

Small Signal
Stability

Time Domain
Simulation

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

i e -




Stabilita vyvedeni elektrického vykonu JE

Konfigurace Mapovéda

Stabilita vyvedeni elektrickeho vykonu JE

Vananta topologie a udalost:

Vlastnost, analyzy: Provedeni analyzy- Vysledky analyz: Graficke vystupy:

| Situaénischéma | | VypocetPFanaljzy | | Vysledy PF analyzy TXT | | GrafyPFanaljzy |
| Upravitvstupnidata | | Vypocet CPF analyzy | | Vysledy PF analyzy HTML | | Grafy CPFanaljzy |

[ Zobrazit vysledky v pojmenovanych jednotkach Ukongeni aplikace




Stabilita vyvedeni elektrického vykonu JE
Aplikace vytvorena s nasledujicimi cily:

* Analyza stability ES v okoli velkych jadernych elektraren
s ohledem na stabilitu napajeni vlastni spotreby a
moznosti prenosu vykonu.

e Uzivatelska aplikace s co nejjednodussi obsluhou.

VeVe

otevrenych (Open Source) nastrojich pro
bezproblémové uplatnéni a dalsi rozsiritelnost.



Stabilita vyvedeni elektrického vykonu JE

Co je ,Stabilita vyvedeni elektrického vykonu JE“:
 Uzivatelska aplikace s jednoduchou obsluhou
pro analyzu napétového stavu elektrické sité
s ohledem na napétovou stabilitu a limity prenosu
vykonu v okoli vyznamnych elektrarenskych bloku.

* Vychazi z vypoctu a rozboru:
o Ustaleného chodu (PF Power Flow)

o Postupného dalSiho rovnomérného pretézovani
(CPF Continuation Power Flow )

o Elektromechanickych prechodnych déjl
(TDS Time Domain Simulation )



Stabilita vyvedeni elektrického vykonu JE

Co je ,Stabilita vyvedeni elektrického vykonu JE“:

* Obsahuje skupinu predpripravenych pripadovych studii
s moznosti modifikace jednotlivych uloh:

O stbitte wesenicekidgnowionu e | e

Konfigurace MNapovéda

Stabilita vyvedeni elektrického vykonu JE '

Varianta topologie a udalost:
|Jaderné glektrarna Temelin verze 11 v]

Test tFiuzlové sitd plivodn® urdenéd jako demonstrace pro EPE 2017 . .

Test &trnactiuzlové sité - PSAT d 014 Grafické vystupy::
Test dvacetiétyfuzloveé sité - IEEE One Area RT5-96
Jaderns elextrarna Temerinverze 13 EEEERCOLEC

| Upravit vstupni data | | Vypoéet CPF analyzy | | Vysledy PF analyzy HTML | | Grafy CPFanaljzy |

[C] Zobrazit wysledky v pojmenovanych jednotkach Ukonéeni aplikace




Stabilita vyvedeni elektrického vykonu JE

Co je ,Stabilita vyvedeni elektrického vykonu JE“:

* Vlastni aplikace byla vytvorena ve vyvojovém prostredi
Lazarus (Delphi compatible cross-platform IDE):
https://www.lazarus-ide.org/

) h'-"

TS TR

(vnitfni engine IDE'je zalozeny na Free Pascalu, ktery je
po GCC nejprenositelnéjsim kompildatorem mezi platformami)


https://www.lazarus-ide.org/
https://www.lazarus-ide.org/
https://www.lazarus-ide.org/
https://www.lazarus-ide.org/

Stabilita vyvedeni elektrického vykonu JE

Co je ,Stabilita vyvedeni elektrického vykonu JE“:

* Numerické vypocty PSAT jsou provadény v prostredi pro
vedeckotechnické analyzy GNU Octave:
https://www.gnu.org/software/octave/
https://wiki.octave.org/GNU Octave Wiki

-', "y GNU Octave out I v Downloa Involved News Support/Help Docs
&) GNU Oct

1 Scientific Programming Language
08
06 ¢ Powerful mathematics-oriented syntax with built-in plotting and
o visualization tools
02 » Free software, runs on GNU/Linux, macOS, BSD, and Windows

0 * Drop-in compatible with many Matlab scripts
0.2 |
04 Download Docs
10

10
0 5
5 5


https://www.gnu.org/software/octave/
https://wiki.octave.org/GNU_Octave_Wiki
https://wiki.octave.org/GNU_Octave_Wiki

Stabilita vyvedeni elektrického vykonu JE

Co je ,Stabilita vyvedeni elektrického vykonu JE“:

 Diky zvolenému vyvojovému prostredi a dalsim
prostfedkim je vysledna aplikace postavena na zcela
otevrenych zakladech a provozovatelna na systémech:

o Microsoft Windows 32bit i 64bit (verse 7 az 10)
o GNU/Linux (Ubuntu, ...)
o Apple macOS

O

(bez nutnosti virtualizace)
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Priklad pouziti —
Pomeéry v
blizkosti JE
Temelin

Priklad situacniho
schématu:
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Priklad pouziti —

() OctPSAT04 mdlm - Tes

omery v blizkosti JE Temelin
oo ed =
Kontrola a L
pfipadna Uprava | =

vstupnich dat: 12101

19 110
20 110
21 110

m

H OO0k wNE
HFRERERRBRRBRRM
[ T
OO0 0000000
o0 0000 .
HFERHERHEHHERBRBR
N ]
HEHREEHEBERRRR
[ H

[
(==l e]
)
HHBE R

Line.con = [ ...
10 2 100 400 60 120 0 0.01 0.1 0.001 ©0 O O O O O
10 2 100 400 60 120 0 0.01 0.1 0.001L 0 O O O O O
1 9 100 110 50 8.498 0 0.1249706 0.001292268 0.009071719
8 2 100 400 50 35.6 0 0.02331461 0.0008941289 0.01260722
8 2 100 400 50 42.9 0 0.02261072 0.0008807316 0.01387505
16 14 100 24 50 0 0.06 0.001875 0.00035 0 0 O O O O
17 15 100 24 50 0 0.06 0.001875 0.00035 0 O O O O O

HKHOOO
o
[=]
o
o
r

2 9 250 400 50 O 3.636364 0.01 0.2 0 0 0 0O 0O 0 1;
2 9 250 400 50 O 3.636364 0.01 0.2 0 0 0 O 0O 0 1;
8 7 350 400 50 0 3.636364 0.01 0.2 0 0 ©0 0 O O 1;
8 7 350 400 50 0 3.636364 0.01 0.2 0 0 O 0 O O 1;




Priklad pouziti — Pomery v blizkosti JE Temelin

Provedeni numerického vypoctu:

Host:
Session:

Octave 4.2.1
23-MNow-2817 23:53:57
Command Line
D:sAPP~0Octavespsat

Load data from file...

Mewton—Raphson Method for Power Flow Computation

Data file "D:“\Drophox“WORK:~MNadstavbaOctavePSAT“0ctPEATH4 _mdl1l"
Harning: Some line susceptances are too high...

microFarad are assumed for those susceptance values

Writing file "fm_call™ ...

PF solver: MNewton—Raphszon method

Single slack bus model

#* ®* Bus #18 is islanded.

Iteration Maximum Convergency Error
Iteration Maximum Convergency Error
Iteration Maximum Convergency Error
Iteration 4 Maximum Convergency Error
Power Flow completed in B.862481 s

B.54341
A.8171089
B.000%3113
2.6845%e—087

i elektrického vykonu JE
sti

welin verze 11 v|

Provedeni analyzy: Vysledky analyz:

Grafické vystupy::

| Vypocet PF analjzy | | Vysledy PF analyzy TXT |

| Grafy PF analyzy

| Vypocet CPFanalyjzy | | Vysledy PF analyzy HTML |

Grafy CPF analyzy

Prosim pockejte na skonceni vypoctu

Zobrazit vysledky v pojmencvanych jednotkach

Ukonceni aplikace
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Nastaveni numerického vypoctu a zobrazeni vysledk:

() Nastaven aplikace - O x

[ Zobrazit vysledky v pojmenovanych jednatkach

Volba feticiho algoritrmu PF analyzy:

Newton-Raphsonova metoda

MNewton-Raphsonova metoda
XB varianta fast decoupled metody

BX varianta fast decoupled metody -
Runge-Kuttova metoda @ Nastaveni aplikace — O »
lwamotova metoda

fednoducha fobustnl metada ] Zobrazit vysledky v pojmenovanych jednotkdch

Volba fediciho algoritmu PF analyzy:

| Newton-Raphsonova metoda v|

Volba integraéni metody:

UloZit nastaveni Ukonéit nastaveni aplikace TR ot i nar |v

Eulerova metoda

Lichobéinikova metoda

UloZit nastaveni Ukonéit nastaveni aplikace
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() OctPSATO4 mdl.txt - Textovy editor S | B |
e

- —

Soubar  Upravy
pstélenf( chod - PF (Power Flow) analyza i

Verse P S AT 2.1.10

PF Statistika sité:

m

Uzly (sbérnice): 21
( Powe r F I OW) Propojeni (vedeni): 24
Transformatory: 6 |

ana IVza poteiing s

Statistika fesSeni:

Pocet iteraci:
Maximalni neshoda P [p.u.]
Maximalni neshoda Q [p.u.l]

s V4

Vystu p n I VztaZny vykon [MVA]
Vysledky FeSeni ustaleného chodu:

sestava

H OOk

00

Uzel U wvelikost U féaze P dodavka @ dodavka P odbér Q odbér
’ [p.u.] [rad] [p.u.l [p.u.] [p.u.l [p.u.]
Y |

teXtova ] Hnevkovi 1 0.45488 0.096 0.77384 -0.1 0

CROC_ 400k 0.9814 0.53438 0 0 0 0

Bechyne 11 0.97418 0.4117 -0.5 0 0 1]

Busll 0.98811 0.4555 0 0 0 0

Busl2 0.98811 0.4555 [} 0 0 [}

CCHD 400 k 0.99366 0.53918 -1.4 0 0 0

CD.'ASleO k 0.98343 0.47362 1 0 0 0

CDAS_400 k 0.97264 0.47456 0 0 0 0

CROC_110 k 0.98807 0.4555 0 0 0 0

CMIR 400 k 0 0 1] 0 0 1]

CPRE 400 k 0.98506 0.49965 -1.6 0 0 1]




Priklad pouziti — Pomery v blizkosti JE Temelin

\J OctPSATO4 mdl.txt - Textowy editor - - e - ‘ = 5 |
Soubor  Upravy
CKOC_110 kV Krtenov 11 15 0.40128 0.00163 0.00128 0.00163 3
CKOC_110 kV Veseli nad 16 0.85131  -0.0072 0.09131  -0.0072
CDAS_110 kv CKOC_110 k 17 0.21033  -0.08846 0.00055  -0.0068
CDAS_110 kV CKOC 110 k 18 0.21033  -0.08846 0.00055  -0.0068
PF CKOC_110 kV  Hnevkovi 19 -0.09659  -0.38524 0.00141 0.00168
CKOC_110 kV Mydlovary 20 -0.08869 0.19405 0.00046  -0.00158
CKOC_110 kv Pisek 110 21 0.83548 0.0704 0.03548 0.0704
CDAS_110 kV Mydlovary 22 0.29604  -0.0976 0.00147 0.00022
(Power FIOW) CDAS_110 kV Mydlovary 23 0.29604  -0.0976 0.00147 0.00022
CCHD_400 kV CREP_400 k 24 -1.6491 -0.12033 0.00117  -0.16462 I
’ I croC_400kv CERE 400 k 25 1.6045 -0.6025 0.00454  -0.6025 |
ana Iyza || cDAS_400 kv CSLV_400 k 26 16.8601 1.2359 0.65617 7.1686 I
|| croc_400kv CREP 400 k 27 -0.5986 -0.9655 0.00116  -0.92121
CKOC_400KV CCHD_400 k 28 -0.24846  -0.90114 0.00061  -0.78081
CKoC_110 kV Busll 29 0 -0.00011 0 -0.00011
CKOC_110 kV Busl2 30 0 -0.00011 0 -0.00011

Celkovy souhrn:

Souctova dodavka (vyroba):

Vystupni

SeStava . €inny vykon: [p.u.] 1.1821
’ Jalovy vykon: [p.u.l] 5.5893

teXtova : souctovy odbér (zatiZeni): I

¢inny vykon: [p.u.] -0.1
Jalovy vykon: [p.u.] 0

Souctové ztraty:

m

€inny vykon: [p.u.] 1.2821 |
Jalovy vykon: [p.u.] 5.5893




Priklad pouziti — Pomery v blizkosti JE Temelin

Fe

[§ template.html

C | @ filey///D:y/Dropbox/WORK/NadstavbaOctavePSAT/OctPSATO4_mdl.html [ I v I T3

Ustaleny chod - PF (Power Flow) analyza h

PF VersePS AT 2.1.10

Statistika sité:

(Power Flow) Gy Gt o0

[Propojeni (vedeni):24.00000,
I s Transformatory:  6.00000
a n a yza Dodavky: 4.00000

Odbéry: 13.00000

Statistika ieSeni:

Pocet iteraci: 4.00000

7 7
Vyst u p n I Maximélni neshoda P [p.u.] |0.00000
Maximalni neshoda Q [p.u.]/0.00000
S e Sta Va Vztazny vykon [MVA] 100.00000
Vysledky i'eSeni ustileného chodu:
H T IVI L : [Uzel U velikost|U faze [P dodavka/Q dodavka[P odbér |Q odbér

[p.u.] [rad] |[p.u.] [p.u] [pu] |[pu]
Hnevkovice 110 kV 1.00000 |0.45488|0.09600 (0.77384 [-0.100000.00000

CKOC_400kV 0.98140 0.53438(0.00000 |0.00000 |0.00000 0.00000
Bechyne 110kV ~ 0.97418 |0.41170|-0.50000 -0.00000 [0.00000 0.00000
Busll 0.98811 |0.45550/-0.00000 -0.00000 [0.00000 0.00000
Bus12 0.98811 0.45550/-0.00000 -0.00000 |0.00000 0.00000
CCHD_400 kV 0.99366 |0.53918/-1.40000 -0.00000 [0.00000 0.00000
CDAS_110kV 0.98343 |0.47362|1.00000 0.00000 [0.00000 0.00000
CDAS_ 400 kV 0.97264 0.47456/-0.00000 0.00000 |0.00000 0.00000
CKOC_110 kV 0.98807 0.45550(0.00000 |0.00000 |0.00000 0.00000
CMTR_400 kV 0.00000__0 0000010 00000__10.00000__ 1000000 |0 00000 h
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Interaktivni grafickeé vystupy:

e e

Velicina: |Velikosti napéti v uzlech (sbérnicich) | od| - | Do: | ~| | Tiskgrafu | | UlozitSVG |

Grafy vystupu ustaleného chodu - Power Flow analyzy

0.84 T=Tal x |
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0.7
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0.

044

N Grafické vystupy::

oal | GrafyPFanazy |
0 | G agnalyzy |
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in
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L]

Velikosti napéti v uzlech (sbérnicich)
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Interaktivni grafické vystupy:

Pojmenované jednotky:

Velicina: |Velikosti napéti v uzlech (sbérnicich) - od ~| po:

~| [ Tiskgrafu | [ UlozitsvG |

Grafy vystupu ustaleného chodu - Power Flow analyzy PO m é r n é j e d n Ot ky :

apéti v uziech (sbérnicich) L] oa| - po: ~| [ Tiskgratu | [ uiozitsve |
Grafy vystupu ustaleného chodu - Power Flow analyzy
Uzel (sbérnice)

Uzel (sbérnice)

4004

w
@
T

w
8
T

r
th
=

o
T

=
<

Velikosti napéti v uzlech (sbérnicich)
o
=1
=3

I
i

<

Hnevkovice 110 k'
CHOC_400k"-
Bechyne 110 k'
Bus11
Bus12
CCHD _400 k-
CDAS 110kY
CDAS_400 k'
CKOC _1M0kY
CMIR_400 k'
CPRE _400 k'
CREP_400 k'v-
CSLY_400 kY-
ETEM_11
ETEM_12
ETEM _71
ETEM _72
Krtenow 110 k'
Mydiovary 110 ki
Pisek 110 k"
“iaselinad L 110 kY

Bus11

Bus12
ETEM_11
ETEM_12
ETEM _71
ETEM _72

CHOC_401

Bechyne 110 kY
CCHD _400 k'
CDAS_110 kY
CDAS_400 k'
CKOC_110kY
CMIR_400 k'
CPRE _400 k'
CREP_400 k'
CSLY_400 kY
Krtenow 110 k'
Mydlovary 110 kY
Pisek 110k
Yieseli nad L 110 kY

Hnevkovice 11
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Interaktivni grafické vystupy:
Cowl . e

Velicina: Velikosti napéti v uzlech (sbérnicich) | od| ~| Do | ~| [ Tiskgrafu | [ UlozitSVG |
VO | b a Velikosti napé&ti v uzlech (sbérnicich)
Fize napéti v uzlech (sb&rnicich) leného chodu - Power Flow analyzy

— Dodavané inné vykony v uzlech (sbérnicich)

V\I’St u p ] I’C h 400 Dodivané jalové vykony v uzlech (sbérnicich)

Qdebirané £inné vykony v uzlech (sb&rnicich)
| 4 IV 350 - - Odebirané jalové vykony v uzlech (sb&rnicich)
Ve I C I n . Toky €inného vikonu v propojenich (vedenich) vstupni
€ 3004 Toky jalového vykonu v propojenich (vedenich) vstupni
Toky €inného vikonu v propojenich (vedenich) vystupni
Toky)akweho V]rkonu ' propojemch {wedenich) wystupni
250+ Ei i i
200+
150+
100
] I I
o] | -

h)
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Interaktivni grafické vystupy:

| Velicina: [Fize napéti v azicch Gbermicich) '~ 0| ~| Do |

PF -
analyza I

0,454
0.4+
0.357
0.
0.2
0.2+
0.1
0.1

Uzel (sbérnice)

~| [ Tiskgrafu | [ Ulozit SVG |

Grafy vystupu ustaleného chodu - Power Flow analyzy

Faze
napeti
v uzlech:

Faze napéti v uzlech (sbérnicich)
Rt T

=)
=
b

-]

Bus11 4
Bus12-

CHOC _400k '\

Hrevkovice 110 k'
Bechyrne 110 kv 4
CCHD _400 kY
CDAS 110 k'
CDAS_400 k'
CHOC_110 kv
CMIR_400 k'
CPRE _400 k'
CREP_400 k4
CSLY_ 400 kY

ETEM 114

ETEM _124

ETEM 71

ETEM _724

Krtenow 110 k'

fylovary 110 k'

Pisek 110 k'

wigselinad L 110 k%' 4
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) Analyza PF

/4
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Ve

L)

~| [ Tiskgrafu | [ Ulosit VG |

Grafy vystupu ustaleného chodu - Power Flow analyz

FAM DL D0MD - Zisng

FAHOLL DOMD - Lisng

FAMDDF DOWD - AY 00F aH22

FAMDDF DOWD - AY 00F d3HD

AN OOF SW a0 - AY 00F A1SD

FAMDDF DOWD - AY 00F 344D

FAYD0F OHDD - AY 00F d342

FAYDLLSYAD - AN OLL ARAopAy

FAYDLLSYAD - AN OLL ARAopAy

FAY DL 20MD - AN OLL Hasid

FAY DL D0MD - A OLL AeAcipAly

FAHOLL DOMD -ANOLL  @2A0RASUL

FAY DL SYAD - AN DL 204D

FAY DL SYAD - AN DL 204D

F AN DL DOWD - AN OLL 7 PEU asas,

FAHOLLT DOMD - AN DL Aouapy

FAY DL 20MD - AN 0L aufyoag

FAMODF DOMD - 24 WaL3

FAMODF DOMD - L W3L3
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Grafy vystupu ustaleného chodu - Power Flow analyz
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tupy

’

FZLSNG - AN OLL 20MD
[ LLSNE - AN OLL 20MD

FAY 00K OHDD - AMDDF 20M2
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- FAAOLL AdBAOIPAW - AX OLLTSYOD
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Grafy vystupu ustaleného chodu - Power Flow analyz
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CPF
(Continuation
Power Flow)
analyza

Vystupni
sestava
textova:

(2} OctPSATO4_mdlbd - Textovy editor - m| ®
Soubor Uprav}r

Pocet iteraci: 15

Maximalni neshoda P [p.u.] 0

Maximalni neshoda Q [p.u.] 0

Vztainy vykon [MVA] 100

vysledky feSeni ustaleného chodu:

Uzel U velikost U faze
[p.u.] [rad]
Hnevkovi 1 1.0485
CKOC_400k 0.94693 1.3208
Bechyne 11 0.9069 0.94457
Busll 0.94667 1.0605
Busl?2 0.94667 1.0605
CCED_400 k 0.95642 1.2996
CDAS 110 k 0.92063 1.122
CDAS 400 k 0.88026 1.1875
CKOC_110 k 0.94662 1.0605
CMIR 400 k 0 0
CPRE 400 k 0.9433 1.2329
CREP_400 k 0.95774 1.3135
CSLV_400 k 1 0
ETEM 11 0.95274 1.3343
ETEM 12 0.95274 1.3343
ETEM 71 1 1.3259

P dodavka
[p.u.l]

Q dodavka

[p.u.l]

P odbér
[p.u.l]

Q odbér

)
£
el

0 0000000000000 Oo0
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CPF
(Continuation
Power Flow)
analyza

Vystupni
sestava
textova:

(0} OctPSATO4 mal.bet
Soubor Upravy

- Textowy editor

- O

>

CDAS_110 kv
CCED_400 kv
CKOC_400kV
CDAS_400 kv
CKOC_400kV
CKOC_400kV
CKOC_110 kv
CKOC_110 kv

Mydlovary

CREP_ 400
CPRE_400
CSLV_400
CREP_400
CCHD_400
Busll

Busl2

Celkovy souhrn:

ARRRARE

23
24
25
26
27
28
29
30

Souctova dodavka (vyroba):

¢inny vykon:

[p.u.]

Jalovy vykon: [p.u.]

Souétovy odbér (zatiZeni):

¢inny vykon:

[p.u.l]

Jalovy vykon: [p.u.]

Souctové ztraty:

¢inny vykon:

[p.u.]

Jalovy vykon: [p.u.]

0.76809
-2.493
3.8033
31.8741
0.24644
0.81334
0
0
18.957
48.0914
10.7181
0
8.239
48.0914

-0.35843
-0.10605
-0.27623
13.8207
-0.88742
-0.81635
-0.0001
-0.0001

0000 WO oo

.01239
.00289
.02662
.3963

.00055
.00176

0.02978
-0.13081
-0.27623

40.9205
-0.86266
-0.71031
-0.0001
-0.0001
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x  +

CPF
(Continuation
Power Flow)
analyza

Vystupni
sestava
HTML:

JE Temelin

[ templatehtml

C @ file///C:/WORK/OctPSATO4 mdl.html

*

Qa % O @&

CPF (Continuation Power Flow) analyza

Verse PS AT 2.

Statistika sité:

1.10

Sbérnice (uzly):

21.00000

Vedeni:

24.00000

Transformatory:

6.00000

Dodavky:

4.00000

Odbéry:

13.00000

Statistika FeSeni:

Pocet 1teraci:

15.00000

Maximalni neshoda P [p.u.]

0.00000

Maximalni neshoda Q [p.u.]

0.00000

Vztazny vykon [MVA]

100.00000
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Interaktivni grafickeé vystupy:

CPF
analyza

Velikost
napeti
v uzlech:

Velitina:  Veselinad L 110 kV - Velikost nap&ti

Vykreslovat body analyzy:

Grafy vystupu pretézovani ustaleného chodu - Continuation Power Flow analyzy

Tisk grafu

UloZit SVG

0.98q
0.96
0.944
0.924

0.94
0.884
0.86
0.844
0.82q

0.8
0.78
0.75
0.74
0.72

seli nad L 110 kV - Velikost napéti
g 5

Ve
B

064
0.62

0.6
0.58
0.56q

0.54

0.1

0.z

0.3

0.4

0.6

0.9

1I 1j1 1j2 1j3 1j4
Zatéiovaci koeficient Lambda

18

1.6

2.1

22

23

Grafické wystupy:

Grafy PF analyzy

Grafy CPF analyzy

Ukeonéeni aplikace
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Interaktivni grafickeé vystupy:

() Analyza CPF - o X
Veli¢ina: Veseli nad L 110 kV - Fize napé&ti L Vykreslovat body analjzy: | Tisk grafu UloZit SVG
CP F Grafy vystupu pretézovani ustaleného chodu - Continuation Power Flow analyzy
’ 1.05]
analyza ]
0.95+
0.3

Faze ol
napeti
v uzlech:

Veseli nad L 110 kV - Faze napéti
? g r\"' il '?’"

-

0 0.1 0.2 0.3 0.4 0.5 0.6 0y 0.8 0.9 1 1.1 1.2 13 1.4 15 16 17 1.8 19 s 21 22 23
Zatézovaci koeficient Lambda




DYNAST — DYNamika A STatika

&5 DYNAST Shell - Plot: Examp
- —
Edit View Plot Axes Run Preferences Window Help

File

D=E~-3 BE BB B okl

Exampled3

#: Power Library

-

H 1":-[
*SYSTEM; ]
[ Plot: Example02

10B
0.107

Power Library Example 02

0.08

0.08

T
0.10
time [s]

All open files have been automatically saved



DYNAST — DYNamika A STatika

Ucel programu
Program DYNAST (DYNamika A STatistika) slouzi k simulaci a ke
statické, casové (dynamické i kinematické) a kmitoctové analyze
linearnich i nelinearnich dynamickych soustav i k analyze jejich
zavislosti na ruznych parametrech v mnoha fyzikalnich disciplinach.

Formulace popisu modelu je mozna zpulisoby:

* algebro-diferencialnimi rovnicemi s podminénymi, logickymi

vyrazy a udalostmi

e blokovymi schématy (ala Simulink)

* branovymi (multipélovymi) schématy (ala SimScape, Modelica)

* Cijejich kombinacemi



DYNAST — DYNamika A STatika

Unikatni vlastnosti:

Velice vykonny a spolehlivy pri feseni nelinearnich uloh.

Mozny implicitni tvar rovnic interpretovany.

s potlacenim potencionalnich algebraickych smycek.

Zcela volné pouzitelny a otevreny vcetné jednotlivych prvkd
knihoven.

Automaticka tvorba dokumentace, webového publikovani
vystupu a ilustracnich animaci.

Spustitelny na mnoha operacnich systémech (MS Windows, UNIX,
MS-DOS, CP/M, ...) s minimalnimi HW pozadavky.

Tradi¢né vyuZivan na CVUT a ZCU/FEL.



DYNAST — DYNamika A STatika

Vlastnosti omezujici pouziti:

* Knihovny a prvky pro reseni elektrickych siti jsou realizovany
pouze jako el.-mg. systémy, tedy nemaji alternativu fazorove
orientované knihovny prvkl pro stridavé harmonické obvodly.

* Neni postaven na obecném programovacim jazyku.
Komplexneéjsi Ci nestandardni priprava vstupnich ¢i zpracovani
vystupnich dat je nutna v jinych nastrojich.

* Ve formulaci uloh nelze pouzivat maticovy pocet a komplexni
algebru. Tvorba uzivatelskych funkci a proceduralnost je pouze
tradicni a objektovy pristupu limitovany.

* \/yvoj probihajici od 50. let byl v soucasné dobée zastaven.
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EE:| 2kWU3 ance}kWUd l:t—mvicejkWUE komvice. 26U
3 va MET2 kotel_14kWUG
Zpét Change Style Cirl+Z — — [~] |
Znovu Ctrl+Y 1 3 I ou4 I Gus L LT Sus
' T JWU
Povolit editaci I i i - I - D %
' 1
Kopirovat animaci I %%Jw
Animovat I
Animaéni pravidla... — — - CyE
Run Realtime Simulation Ctrl+F5 e w—l
N~ 2kWU7 konvice_2kWUS Komice FKWUS
I onvice .
b
v M,—‘ETE kotel_14kWU9
‘1\ otel_’
I o u L L] Lue EH
irkularka
J w2 cirl
. Ej w3 :
JFUERG(R LR T L0
v F =0 =~ 4 Q8 @ —— ——
Alter_3f_1
R AR | Xd
Rl 'Xd
Y
Pfiklad tvorby 0 .
. \V4 V4 h 7 t J_ ; Rs=0.03,Ls=0.0021,Ms=-0.0010,Lf=0.0023,M=0.0020,Jmot=0.05,Uf=6.0
ystup __JJ
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Tran_Line_3f1
L1=Delka

Tr3fDy1

? uif

Un=Un1,Sks=1000ME

o
=

7

:IIW\ TB4

—~

_—
4
FaulSmtchOffT |me T c

Priklad typu SMIB —
formou el.-mg. déje T

Short_Circuit_3f1

=

Tran_Line_3f2_1
L1=Delka/2 =

G

N1=Un*1k,N2= Un1*1k Sn=120ME,Un2=Un1*1k

GenerUif
EO

Sg1

Sn= Sn Un=Un, Xd= Xd,Xdc=Xdc,Xg=Xq,Rs=

dOmega

Mt
-Ptp*Sn/OmegaS

Rs,Tdc=Tdc,Tm=Tm

;

=

—
2 72

/|

Faul%witchOﬂTime

!

/|

Tran_Line_3f2_2

[y
)

3f

T T
1 2 3
time [s]

Sgl.Delta [rad] Power Angle of Sgl B dOmega [1a

d/s] Angular Velocity Difference



Source_3f1

DYNAST — DYNamika A STatika

Tran_Line_3f1

? uif
Tr3fDy1

Un=Un1,Sks=1000ME

_—
4
FaulSmtchOfleme T c

Priklad typu SMIB —
formou el.-mg. déje T

Short_Circuit_3f1

L1=Delka
:fYY\-= D
:]fvv\: D :

o
=

7

W TB4

—~

=

Tran_Line_3f2_1
L1=Delka/2 =

;

=

—
2 72

Faul%witchOﬂTime 10 b R —— : | — 3 |

!

Tran_Line_3f2_2

3f

GenerUif
EO
Sg1
JNJ dOmega
+ Mt
-Ptp*Sn/OmegaS

N1=Un*1k,N2= Un1*1k Sn=120ME,Un2=Un1*1k
Sn= Sn Un=Un, Xd= Xd,Xdc=Xdc,Xq=Xq,Rs=Rs,Tdc=Tdc,Tm=Tm

10°
50

40+

30+

20

T T : T T
0 1 2 3 4 5 6 7 8
time [s]

B Sgl.la[A] Stator Current Phase A of Sgl Sgl.Ib [A] Stator Current Phase B of Sgl
Sgl.Ic [A] Stator Current Phase C of Sgl
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<,

FPKTHS

VETENSKAP
=¥ OCH KONST W5,

TR

Q GitHub - CpenlPSL/OpenlPSL A X +

&«

— O X

(& @ GitHub, Inc. [US] | https://github.com/OpenlPSL/OpenlPSL v v G O

== Smarl S Lab

OpenlPSL: Open-Instance Power System Library: ™o

The OpenlPSL or Open-Instance Power System Library is library of power system component models written in the Modelica
language that can be used for power system dynamic analysis, such as phasor time-domain simulations.

OpenlPSL is currently developed and maintained by Prof. Luigi Vanfretti's research group ALSETLab at Rensselaer Polytechnic
Institute, Troy, NY, collaborators and friends, such as Dietmar Winkler and FOSSEE (contributions are welcome!).

Scope

The purposes of OpenlPSL are to be used for research and education (therefore frequent release times may be available), with
maximum compatibility with OpenhModelica (to provide a free/libre and cost-free alternative for power system dynamic
simulation), to provide as many as possible typical "test networks” for use in research and teaching, and to be developed in
such way that the library can efficiently be used for power system simulation within Modelica-based workflows (i.e., helping to
give reference power system models for development and testing of Modelica back-end compilers) when faced with power
system simulation challenges.
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it - enModelica Connection Editor bl
ot OMEdit - OpenModelica C Edi O

File Edit View Simulation FM|  Export Debug Git Teols Help

5 FeBB B0 \OHOTH LS H/008 »99 -
Prlklad typu Libraries Browser X o4 SMIB_AVR Documentation Browser g X

|FilterCIasses | ‘ | ; | ‘ i ‘ ‘ . ‘ ‘ | A P =
b A B @ |writable |Model | Diagram View | KundurSMIB.SMIE_AVR | C:/WORK/O.. I8 _AVR.mo = AN AN o

vy
SMIB e E le 1: Sing| ine infinite b del* " OpenIPSL.Copyright
@ OpenModelica Xdmpie 17 oing -ﬁw INite pus mode pen .Copyrig
fo r m O u 0 ModelicaReference Disclaimer
|:| ModelicaServices OpenIPSL:
AVAN )
e I - m d e e Complex Copyright Augxx 2018 - Prof.
° . |?_'n| Modeli Luigi Vanfretti, Rensselasr
=] Madelca B3 rfrite_b Polytechnic Institute, Troy, NY.
-
%’éj_?pe”lpSL I i Copyright April 2016 - July 2017
(C) Copyright I SmarTs Lab (Sweden)
L| Examples pree « SmarTS Lab, research group
at KTH:

https:/ /www.kth.se/en

The authors can be contacted by
email: luigi.vanfretti@gmail.com

Electrical
NonElectrical

_ Interfaces
|T| Types This Source Code Form is subject
a9 to the terms of the Mozilla Public
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Porovnani zvolenych alternativnich nastroju

PSAT vs OpenlPSL
PSAT/Matlab/Octave

+ TradicCni, stabilni, vyzraly, referencni produkt
+ MozZnost importovani standardnich dat topologie a parametru sité
+ Matlab a Octave jsou plnohodnotné nastroje vhodné

pro skriptovani cyklické analyzy a zpracovani vstupu a vystupu dat

-V ,open source” versi ma zatim pouze omezené GUI a zadny CAD
pro tvorbu topologickych schémat
- Podpora je omezena a vyvoj byl ukoncen



Porovnani zvolenych alternativnich nastroju

PSAT vs OpenlPSL
OpenlPSL/OpenModelica/...

+ Silny univerzalni jazyk pro modelovani

+ PohodIné komfortni GUI a CAD

+ Mozna vyména modell pomoci protokoltu FMI, FMU

+ Zdrojovy kod pouzitelny na vice kompatibilnich platformach:
* Dymola*
e JModelica (open source)

* Wolfram System Modeler*
* SimulationX (open source)

+ Skriptovani Ize provadeét nastrojem PySimulator a jazykem Python
* Nastroje pouZivané na ZCU/FEL



Porovnani zvolenych alternativnich nastroju

PSAT vs OpenlPSL
OpenlPSL/OpenModelica/...

- Format popisu sitového modelu neni trivialni

- Samostatny vypocet Power Flow je komplikovany

+ Knihovna nema ustalenou stabilni formu a kompatibilitu,
ale podpora je aktivni a vyvoj probiha



