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Co je PSAT (Power System Analysis Toolbox):

* PSAT je aplikace a prostredi nad systémem
MATLAB (Matlab Toolbox) pro analyzu a
simulace v ES.

* Verse pro prikazovou radku je také kompatibilni
s GNU Octave.

* VsSechny zakladni operace jsou pristupné z
grafického uzivatelského prostredi (GUIs).

* Integrovana knihovna pro systém Simulink
slouzi pro grafické zadavani topologie sité
(nikoli pro vypocty).



Co je PSAT (Power System Analysis Toolbox):

* Cely koncept je otevreny, prenosny a Open
Source s General Public License (GPL).

* Lze spustit na vétSiné operacnich systému.

* Optimalizovan pro ridké matice.



Co je PSAT (Power System Analysis Toolbox):

Jsou dostupné tyto analyzy:

 Power Flow (PF)
— Ustaleny chod ES

 Continuation Power Flow (CPF)
— Analyza napétové stability
e Optimal Power Flow (OPF)
— Optimalizace dodavanych vykonu

 Small Signal Stability Analysis (SSSA)
— Stabilita malych kyvu

* Time Domain Simulation (TDS)
— Prechodné elektro-mechanické déje



Dalsi charakteristické vlastnosti:

Bohata knihovna sitovych prvk{ véetné napf.
FACTS, vétrnych elektraren, ..., pricemz dalsi lze
uzivatelsky definovat.

Konverse vstupnich dat z mnoha jinych formatu.
Konverse vystupu do EPS obrazku, MATLAB
grafu, textovych souboru, EXCEL tabulek, LaTeX
dokumentd, ...

Systém je otevreny rozsirujicim externim
analytickym modulum. Mezi stavajici volna
doporucena patri napriklad rozsireni pro
software GAMS a UWPFLOW.
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Porovnani s jinymi aplikacemi:

Komercni softwarové aplikace:

 SIEMENS PSS®E * DigSilent PowerFactory
. e PowerWorld Simulator
e ABBSIMPOW « NEPLAN ...

CYME Power Engineering Software

V CR popularni E-VLIVY, MODES, ...

* Omezené a obtizné uzivatelsky rozsifitelné

 Narocné (HW, instalace, obsluha)

* Implementace komponent neni otevfena a modely
netransparentni

* Licencni politika omezuje Sireni vysledt analyz a budovani
nadstavbovych projekt(



Porovnani s jinymi aplikacemi:

Open-Source aplikace:

* Otevrené jak stavajici komponenty, tak moznosti rozsireni
* Flexibilni (snadné vytvareni rozsSireni - vyuzivaji spiSe interpretacni nez
kompilované jazyky) — MATLAB, Python, Mathematica, Modelica,

Popularni nastroje:
* Modelica PowerSystems

e UWPFLOW

e THYME
e TEFTS

* Dome
* MatPower

e A4DIAC
* |InterPSS

* MatACDC
e AMES Grid

. iIdLAB-D
- DCOPE o”

. enETran
* OpenDSS P

* OpenPMU

* MatDyn



Vyvoj otevrenych aplikaci pro analyzu chodu ES:

- PSAT
__ Zalozeno na platforme
MatDyn
- MATLAB / Octave / ...
“ MATPOWER I l _
Pylon
> PyPower —> GridCalc L_ ZaloZeno na platformeé
Python
> DOME
PyPSA —
GridLAB-D Haadi Saadat power TooldBox

InorXL Zalozeno na platformé MS Excel (Visual Basic)



Porovnani s jinymi aplikacemi:

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

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

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

ObjectStab |[Modelica v " 4 v v
OpenDSS  |Delphi v v | v
PAT Matlab v V| v v
PSAT Matlab, Octave| v | v v |V |V v v
PST Matlab VIV V|V

Pylon Python v v v | v
UWPFLOW |C Vv

VST Matlab V|V v |V v




Porovnani s jinymi aplikacemi:

Package

CPF

OPF

SSSA

0P,

EMT

GUI

CAD

EST
MatEMTP

Matpower
PAT

PSAT

PST

NS

SPS

NI I N N NN

VST

N EN N AN N NN

NENIENENIEN

NENNEN R NEN I

NEN




Porovnani s jinymi aplikacemi:

Nastroje zalozené na MATLABu / SIMULINKu:

* Power System Analysis Toolbox (PSAT)

* SimPowerSystems (SPS) (komercni)

* MatPower

* Educational Simulation Tool (EST)
* MatDyn

e MatEMTP

* Power Analysis Toolbox (PAT)
 Power System Toolbox (PST)

* Voltage Stability Toolbox (VST)



Porovnani s jinymi aplikacemi:

Open-Source aplikace pro MATLAB dosud nemaji
pro uzivatele pristupné implementovano:

Pokrocilou analyzu komplikovanych poruchovych stav(

 Harmonickou analyzu

Analyzu funkce ochran a jejich koordinaci



Formaty souboru otevrenych aplikaci pro analyzu
chodu ES:

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

> PyPower.m —> GridCalc .xlIsx



Porovnani s jinymi aplikacemi:

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

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

E \ GNU Octave About Donate Download Get Involved News Support/Help Docs
]
GNU Octave
1 Scientific Programming Language

s Powerful mathematics-oriented syntax with built-in plotting and
visualization tools

® Free software, runs on GNU/Linux, macOS, BSD, and Windows

* Drop-in compatible with many Matlab scripts

Syntax Examples

The Octave syntax is largely compatible with Matlab. The Octave interpreter can be run in GUI mode, as a console, or invoked as part of a

shell script. More Octave examples can be found in the wiki.

Solve systems of equations with linear b = [4; 9; 2] # Column vector
algebra operations on vectors and matrices. A=1[345;

13 1;

359]

x=A\b # Solve the system Ax = b



4 MaTLag 7.11.0 (R200G

File

Edit Debug Parallel Desktop

Window Help

Instalace aplikace PSAT:
Pro plnohodnotné vyziti v€etné

grafického prostredi nutny
MATLAB verse /.

Pro uzivatelské modely je navic
potrebny Symbolic Toolbox.

Mew
Open... Ctrl+OQ
Cloze Command Window Ctrl+W

Import Data...
Save Workspace As... Ctrl+5

Set Path...

Preferences...

Page Setup...

Print... Ctrl+P

1 E..at\PormocneVypocty.m
2 ..at\ZkusebniPriklad01.m

3 CAWORKATRaVED Cast7.m
4 CAWORKATRaVED Casth.m

Exit MATLAB Ctrl+Q

Stazeny soubor je vhodné umistit

mezi ostatni toolboxy napr.

do adresare:

4\ Set Path

...\MatLab\toolbox\psat || wmsuummem

[ Add Folder...

Pridat tento adresar e
vCetné podadresaru do cesty
systému MATLAB

MATLAE search path:




mevae 0

File Edit Run Tools Interfaces View Options Help

Spusteni aplikace PSAT: 6 @D @

50 Freg. Base (Hz)
Perturbation File 100 Power Base (MVA)
o Starting Time (s)

Spusteéni grafickeho prostredi: . o

I
I 1e-005 PF Tolerance
> > t I p - 20 Max PF ter.
I , i
S a I 1e-005 Dyn. Tolerance
I - 20 Max Dyn. lter.
I PSAT l Power Flow l l Time Domain l [ Settings ]
l CPF l l Load System l l Plot ]
Version 2.1.9
September 6, 2014 OPF Save System Close

PSAT version 2.1.9, Copyright (C} 2002-2013 Federico Milano

Command Window

IGNU Octave, version 4.2.0

Copyright (C) 2016 John W. Eaton and others.

IThis is free software; see the source code for copying conditions.
There is ABSOLUTELY NO WARRANTY; not even for MERCHANTABILITY or

v v ’ v/ /7 7/ v/ c
t I1 [FITNESS FOR A PARTICULAR PURPOSE. For details, type 'warranty'.
p u S e I I I V p rI a Zove ra Ce a p rI a L] lOctave was configured for "i686-wé4-mingw32".
Additional information about Octave is available at http://www.octave.org.

L L]
[Please contribute if you find this software useful.
I l I I Sa For more information, visit http://www.octave.org/get—involved.html
Read http://www.octave.org/bugs.html to learn how to submit bug reports.
[For information about changes from previous versions, type 'mews'.
°
n ' I ' I >> cd d:\APP\Octave\psat
ru psa rl a I I l I I I a a > initpsat
L)
—_— ’
redistribute it under certain conditions; type 'gnulicense'
' ' for details.
>>runpsat re ot s e
|Session: 09-Dec-2016 21:58:23

< PSAT >
Copyright (C) 2002-2016 Federico Milano
Version 2.1.10

Sat ' f' o
[PSAT comes with ABSOLUTELY NO WARRANTY; type 'gnuwarranty'

for details. This is free software, and you are welcome to

[Usage: Command Line
[Path: d:\APP\Octave\psat

>> runpsat('Priklad0i_mdl.m','data')

! ! L] >> runpsat('pE"
sat('pfrep');

[Newton-Raphson Method for Power Flow Computation
Data file "d:\APP\Octave\psat\Priklad0l mdl"
riting file "fm call"™

[PF solver: Newton-Raphson method

ISingle slack bus model

>>run

Tteration = 1 Maximum Convergency Error = 0.16529
Iteration = 2 Maximum Convergency Error = 0.016177
Tteration = 3 Maximum Convergency Error = 0.00033214
Iteration = 4 Maximum Convergency Error = 1.4723e-007

[Power Flow completed in 0.03593%5 s



SIMULINK knihovna graflckych prvku topologle

o] ol S

.PSATEIQ Library: fm_lib
File Edit Run Tools Intefaces View Options Help File Edit View Format Help |

o [l

[ Open PSAT Simulink Library |

Data File:

Eile Edit Wiew Format Help

P @r @ & (e

Slack Bus Constant Fixed V'
Genaa.tur Gnenetatnt F load theta

o(i{jzyo k2 .

Transmission

W Library: fm_ Ilbeunnec_ Ll_u I

Eile Edit Wiew Format Help '

Buses & Connections

Transformer : R

[A) Al Line .—_—I:. I

Goto Busi From Bus2 C(:)C‘ cratic chont -
Tap Ratio Cable Condenser  Admittance

Transformer

Plot variable list o c‘a Ele e "‘ Elys
P‘:EESfSh ifter Tap Ratic and
Three-Winding Tanstemer Phase Shifter
Transformer Transfomer
:j @O
Static Extra model for

Autotransformer Compensator Transmission Line



SIMULINK knihovna grafickych prvkud topologie:
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SIMULINK knihovna grafickych prvku topologie:

File Edit View o

Current path:  E\pORTAPP\MatLab.R2010b\R201 0b\toolbox\psatitests
Folders in current path: Files in current path:
P - d_003_uc.md| .
y | d_006 mdl il
ah | d_00% mdl
ch = d_00g_ar
dh d_00%_fault.
el d_009_hvde.
g d_008_svo.mdl |
hat d_014. mdl =
) i d_014_dyn.mdl
_ d_014_dyn_N0.mdl
Fitters: d_014_dyn_114.mdl
] d_014 ind. mdl
PSAT Simulink (_mdl) = d‘DH‘ng_ﬁ:m
d_014_phs.mdl =
Transzlate PSAT file to d_ 014 _pmu_[14 mdl
d_014_ps=z M4.mdl
IEEE COF d_014_statcom.md
d_014_twt mdl
|:| Verbose conversion d 024 mdl
d_anderson_farmer.mdl
Silent conversion d_ddsg.mdl -




SIMULINK knihovna grafickych prvku topologie:

(500 -

Eile Edit View Simulation Format Tools Help

DeEHE| & B2 | 4 |52 » =00 [Nomal | BE RS R

|wsCC 2-machine, 8-bus system (Copyright 1877) |

W Block Parameters: Tra
Line (mask) (link)

This block defines a transformer.

Parameters

Power, Voltage and Freguency Ratings [MVA, k\, Hz]

[100 18 60]
Primary and secondary voltage ratio [kV/kV]
18/230

Resistance [p.u.]
0.0

Reactance [p.u.]

L o
0.0625
Imax, Pmax and Smax [p.u., p.u., p.u.] L gu
[0.0 0.0 0.0] Bug ][
Connected . .
=
4 m e n

Ready |a0% | | |odeds .




SIMULINK knihovna grafickych prvku topologie:

0 Cormporent i
bustreq J
. ) ) |In put Variable
P ro d Efl n Ova n I Buses State Variables Algebraic Variables Service Variables Parameters Initial Variables
v ’
uzivatelskych R 29
komponent je 5
Vytvo Fe n O Input Equation i

i nte ra kt iV n II leferentbal Equations :
p rost ‘r’.ed I’: p(w} (x {thetal-theta EI-}.fE.fpl.ffEI-fI'f 1w iTw

Algebraic Equations

Q1 =null

Service Equations

soE BEs Boo




SIMULINK knihovna grafickych prvku topologie:

File Edit View o

B Load Data File

Nacteni vstupnich dat:

Current path:

Folders in current path:

File in current path:

EAPORTAPPMatLab. R201 00\R2010b'toolbox\peatitests

Preview

I - | d_003_uc.mdl "
. B d_005.mdl b
at | d_009.mdl
ch 3 d_009_areas.mdl
d:\ d_009_fault.mdl
el i d_009_hwvdc.mdl
H 14 4 ah d_009_svc.md|
Existuji standardni | oot
il d_014_dyn.mdl
. v _ d_014_dyn_110.mdl
data PSAT i moznost [
PSAT Simulink (.mdl) - 3-31:—?:_'}-;}”"‘1"1”'
: d_014_phs.md o Load
importu z mnoha T S0t s
KMatPower (.m} d_014_pss_l14.md
y o PST () B d_014_statcom.mdl Views File
fO m at U EPRI {.wsc, b, .dat) il
. wsc, bt d_024.mdl
PSSIE (raw) d_anderson_farmer.mdl Cancel
PSAP [.dat) d_ddsg.mdl &
Eurostag (.dat)
TH (.dat}) =
CESI- INPTC1 {.dat)
VST (.dat)
SIMPOW (.optpow)
MEPLAMN {.ndt)
DigSilent (.dgs)
PowerWorld {.aux) 4
PET (.pet)
Flowdemo.net { fdn}
GE format (.epc)
Chapman format
UCTE format -




Redeni chodu sité — Power Flow - PF:

Epome o)

File Edit Run Tools Interfaces View Options Help o

=@4a Ee B O 2= )« [ (2]

Data File
| d_009(mdl) |

Freq. Base (Hz)

Perturbation File 100 Power Bazse (MWVA)

| | D Starting Time ()
Ending Time (s)
| PF Tolerance
. - Max PF fter.
Dyn. Tolerance
- Max Dyn. tter.

Command Line

1o
Power Flow Time Domain Settings
T e CPF Load System Plot
OPF Save System Cloze

5 10 15 20
Power Flow completed in 0.108 =




Redeni chodu sité — Power Flow - PF:

File

Wiew  Preferences

omega_Syn_1
elg_Syn_1
eld_Syn_1
delta_Swyn_2
omega_Syn_2
elq Syn_2
eld_Syn_2
delta_Syn_3
omega_Ssyn_3
elg Syn 3

0.06258

m

vf Syn 1= 1.0821
p_Syn_1=0.71641
pm_Syn_2= 1.63
p_Syn_2= 163

vi Syn_3= 1.403

pm_Syn_3= 085
p Syn 3= 085

pm_Syn_1 = 071641

q_Ssyn_1 = 027046
vi_Syn_ 2= 17393

q_Syn_2 =0.066537F

m

Bus (A-Z]  wm (P[]  va (rad/(bhik] e (D@2 00L o (@0 (P-9) (k]
NESE - - N - SN - FEr -
[2]-Bus 2 1.025 0.16197 163 0.06654
[3]-Bus 3 1.025 0.08142 0.85 -0.1088
[4]-Bus 4 1.0258 -0.03869 0 0
[5]-Bus 5 0.99563 _0.06962 135 05
[6]-Bus 6 1.0127 _0.06436 09 03
[7]-Bus 7 1.0258 0.06492 0 0
[8]-Bus 8 1.0159 0.0127 -1 035
[9]-Bus 9 1.0324 0.03433 0 0
2 - - -,
State Variables Other Variables | Report | | Close ‘

[] check limit violations

[] use absolute values




Reseni chodu sité — Power Flow - PF:

Static Report I l == |—EhJ
File Wiew Preferences |
Bus (A-Z] I‘-.-‘m (P | | wva [radll p (1) (P-u.) (il o (1] (P-u.] [k |
- 0.71641 - »
[2]-Bus 2 016157 163 0.06654
[3]-Bus 3 0.02142 0.85 -0.1088
[4]-Bus 4 -0.03859 0 0
[5]-Bus 5 -0.06562 25 -0.5
[Fl Rus & L0 0R436 0.3 X
Figure 3 X ho Figure 3 p— = | B
File Edit View Inset Tools Deskiop Window Help st File Edit View Jools Desktop Window Help ¥
= . 133 - - - - — — —
_bl | H = % +\ _x @T? @ EI-___ .'% v @J D E j _; '\H \..-:ﬁ % _\ {ﬂ-? @ l=|'-..._ .'% T @J D E E
Voltage Magnitude Pgfile Voltage Phase Profile
1.4 T T T T T T T T 0_25 T T T T T
121 02 -
l | erva |
|
I — 08F
| = 06|
04F
02F




Redeni chodu sité — Power Flow - PF:

L) Lister - e \PORTAPP\MatLab.R201 R20106\R2010b\toolbox psatitests\d_009 Dlm; |.___. o= g
File Edit Options Encoding Help 0 2%
I NETWORK STATISTICS B ~
|| Buses: 9 i
Lines: & L4
Transformers: 3 i
Generators: 3 I [I][Pl][].ll“l.] D[I][Pi][].ll"l.]
Loads: 3
.
SOLUTION STATISTICS 63 0.06654
}.85 -0.1088
Number of Iterations: 4 \ 0
Maximum P mismatch [p.u.] 0 a5 05
Maximum  mismatch [p.u.] 0 09 03
Power rate [MVA] 100 | 0
POWER FLOW RESULTS '3'35
Bus v phase P gen QO gen
[p.u.] [rad] [p.u.] [p.u.] = =
|
Bus 1 1.04 0 0.71641 0.27046
Bus 2 1.025 0.16197 1.63 0.06654 e L || Es ‘
.
Bus 3 1.025 0.08142 0.85 —-0.108%6 B
[] check limit violations
Bus 4 1.0258 —-0.03869 0 0

m

I [] use absolute values I

Bus 5 0.99563 —0.06962 0 0




Redeni napétové stability sité —
Continuation Power Flow Analysis - CPF:
B #ser 219 w

File Edit FRun Teools Interfaces View Options Help

Riade & @R[ iy

Data File
d_009(mdI) 50 Freq. Base (Hz)
Perturbation File 100 Power Base (MVA)
0 Starting Time: (=)
Command Line 20 Ending Time (=}
1e-005 PF Tolerance
: - 20 Max PF ter.
1e-005 Dwn. Tolerance
57 20 Max Dwyn. ter.
e Power Flow Time Domain Settings
e S Load System Plot
Save System Close

2 4 B & 10 12
Continuation Power Flow completed in 1.7532 =




Redeni napétové stability sité —
Continuation Power Flow Analysis - CPF:

File Plot Options Legend

[ELEET Dbl

Ih

0 0.5 1

1.5

Loading Parameter & (p.u.)

L]
N

B
1r@1
i

I

|

[28] theta_Bus 4 s
[29] theta_Bus &
[30] theta_Bus &
[31] theta_Bus 7
[32] theta_Bus &
33] theta Bus S

[39] V_Bus 6
[40] V_Bus 7
[41] V_Bus 8
[42] V_Bus 9 8

[1] detta_Syn_1 B
[2] omega_Syn_1 |=
[3] e1q_Swn_1

[4] e1d_Swn_1

[5] defta_Syn_2

[6] omega_Syn_2
[71e1q9_Syn_2

[B] e1d_Syn_2

[9] delta_Syn_3

[10] omega_Syn_3

[11] e1q_Syn_3

[12] e1d_Syn_3

131 vm Exc 1 i
4 1 3

34 v Bus1 N
[36] V_Bus 3
[38] ¥_Bus 5

-

ERER -3

Line Styles:

Standard Colors x|
Reference Angle:

None -

(7 Plot Snapshots

B[ 1P
Blw4

Close

‘!|




Redeni napétové stability sité —
Continuation Power Flow Analysis - CPF:
B #ser 219 _LE'—M“

File Edit FRun Teools Interfaces View Options Help

Riade & @R[ iy

Data File
d_009(mdl) 50

Perturbation File 100 Power Base (MVA)
Starting Time: (=)
Command Line Ending Time (=)
PF Tolerance
Max PF lter.

Dwn. Tolerance

Max Dwn. ker.

Time Domain

Load System

Save System

4 6 8 10 12
Continuation Power Flow completed in 1.7532 =




Redeni napétové stability sité —
Continuation Power Flow Analysis - CPF:

File Edit View

“oltage Magnitudes [p.u.

i

B Network Visualisation
e

13

12

o P MQI—%@#W




Redeni pfechodného déje —
Time Domain Simulation - TD:

0.5

B PsaT 219 =N
File Edit PRun Tools Interfaces View Options Help o

L=e

Data File

d_014_dyn({mdl) 50 Freq. Base (Hz)
P B MWA
Perturbation File 100 ower Base (MVA)
0 Starting Time: (3 |
Command Line 23177 B G2 G
1e-005 PF Tolerance
. < 20 Max PF lter.
1e-003 Dvn. Tolerance
- 0 Max Dwn. lter.
' Power Flow Time Domain ‘ Settings
i e S 7 CPF Load System Plot 4
: —
: : : OPF Save System ‘ Close
| e : :
£ 10 15 20

Dwnamic Simulation completed in 1.4348 s




Redeni pfechodného déje —
Time Domain Simulation - TD:

Definice ¢asove
promeénneho
inicializacniho prvku:

( E Block Parameters: Breaker r . — |

Breaker (mask)

This block defines a transmission line breaker.

Parameters
Power, Voltage and Frequency Ratings [MVA, kV, Hz] =

[100 69 &0

| Initially close

First intervention time [s]

1.00

Second intervention time [s]

200.00

V| Apply first intervention Z}
J| Apply second intervention

Bus 03
I oK H Cancel || Help Apply @ @




Redeni pfechodného déje —

Time Domain Simulation - TD:

File  Plot

Options

Legend

i I ﬂ
TR

0.6

021 ——

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

[deta_Syn_1  »
[2] omega_Syn_1 [ |
[3] e1g_Syn_1

[4] e2g_Syn_1 =

5| e2d Sin 1

[7] omega_Syn_2
[B] e1q_Syn_2
[5] e1d_Syn_2
[10] e2g_Syn_2

11|n.=.2d S-in 2

[13] omega_Swn_3
[14] e1g_Syn_3
[15] e1d_Syn_3

[1] detta_Swn_1

[2] omega_Syn_1
[3] e1q_Swn_1

[4] e2q_Swn_1

[5] e2d_Syn_1

[6] delta_Syn_2
[7] omega_Syn_2
[8] el1q_Syn_2

[9] e1d_Syn_2
[10] e2g_Syn_2
[11] e2d_Syn_2Z
[12] delta_Syn_3
[13] omega_Swn_3
[14] e1g_Syn_3 7

[1] detta_syn 1IN
[6] defta_Syn_2

[12] delta_Syn_3
[18] delta_Swyn_4

-

ERER 3

Line Styles:

Standard Colors =
Reference Angle:

None

Plot Snapshots

5[]

B4

Close




Redeni pfechodného déje —
Time Domain Simulation - TD:
[EREY @ 000 0 s wwaEE

File Plot Options Legend

1.002 , .

__________________________
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L

ﬁl delta Sin 2 s

[8] elg_Syn_2
[9] e1d_Syn_2
[10] e2g_Syn_2
[11] e2d_Syn_2

[14] e1g_Syn_3
[15] e1d_Syn_3
[16] e2g_Syn_3
[17] e2d_Syn_3
18] defta_Syn_4

[20] e1g_Syn_4

|1iderta sin 3 |7

[1] detta_Swn_1
[2] omega_Syn_1
[3] e1q_Swn_1

[4] e2q_Swn_1

[5] e2d_Syn_1

[6] delta_Syn_2
[7] omega_Syn_2
[8] el1q_Syn_2

[9] e1d_Syn_2
[10] e2g_Syn_2
[11] e2d_Syn_2Z
[12] delta_Syn_3
[13] omega_Swn_3
[14] e1g_Syn_3

-

2] omega_syn 1 I
[7] omega_Syn_2

[13] omega_Syn_3
[19] omega_Syn_4

-
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Line Styles:
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Reference Angle:

None -

Plot Snapshots
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Reste chod 3-uzlové soustavy
L E L P

Q _ 0
I\ _ };2 _/12 _ / 2
U, U,

Y —_ —_

: ¢, =100km,/,, =50km

1”“"
1S
b\
r"“"il
C

U, =110000-¢’" V

P, =50 MW
0, =10 MVAr
P, =100 MW
0, =10 MVAr

ﬂ X =0.4 Q/km, B =3uS/km

U,,0,,U,,6, ="
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Iteracni algoritmus:
77 (p _]Q _ (-
0 ):AJ <=L AU - ZA,; U 1}

1)

{ 9 3.7, A%U;P”}
U,

U, An
— P, — jO, _ .
U:s(p) :_1 |:3 J)% —A?l(]l ZA:; Uf :|— |: []% — AU, —A%ZU;:[‘DJ}
As | U As | U5

Y . e Pocatecni hodnoty:
Admitancni matice: Y

(—0.074775  0.025 0.05 (110000 ¢’°
A=j] 0025  —0.02485 0 =110000 ¢’* |[V]
0.05 0 ~0.049925 110000 ¢’°

S
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(% Pridlad02 [N
File Edit View Simulation Format Tools Help
DS EHS| & BER|E= 4|52 » = fioo [Nomal B h nEES®
- | TL [

Uzelt o

Ready _ [195% [ |odets y




Redeny priklad z pfedmétu TPR:

W PrikladD2

File Edit View Simulation Format Tools Help

D@ H&@| % BRe 4] n 00 [N || Co e B >
8 soce parameres: o N S
I Bus (mask)
._I @] | Busblock.
FParameters
‘ *UZEH ‘ - Number of inputs:
2
l HMumber of outputs:

1

T Valtage Rating [kV]
110

[ Voltage initial guess [p.u. rad]

[1.00 0.00]

Area number

1
+ Uzel3

Region number

1

Ready [195% | | |odets y ‘
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SW (mask)

File Edit View Simulation Format Tools Help V=V des

D|@H§|%E|@={>ﬁ|9@|’ II'H}.ﬂ' M theta = theta_des

— Farameters

& Power and Voltage Ratings [MVA, kW]
[100 110]
Uzel1 Voltage Magnitude [p.u.]
1.00
Reference Phase Angle [rad]
0.00
. Qmax and Qmin [p.u. p.u.]
[1.5 -1.5]
® Vmax and WYmin [p.u. p.u.]
[1.1 0.9]
Active Power Guess [p.u.]
0.80
+ Uzel3 Loss Participation Factor
1
Reference bus.
o ittt

Connected

Ready [ oK H Cancel H Help Apply
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B Priklad02 [N
File Edit View Simulation Format Tools Help
DS EHS| & BER|E= 4|52 » = fioo [Nomal B h nEES®
L AN &
Uzel1 Uzel2 ||

Soren e

FQgen (mask)

This block defines a PQ generator.

Parameters

FPower and Voltage Ratings [MVA, kW]

[100 110]

Active and Reactive Powers [p.u. p.u.]

[1 0.1]

Vmax and Vmin [p.u. p.u.]

[1.1 0.9]

[] Allows conversion to impedance

Connected

Cancel H Help

Ready
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(= [ i

W PrikladD2

File Edit View Simulation Format Tools Help

DS EHS| & BER|E= 4|52 » = fioo [Nomal B h nEES®

oo P S——
i )
PQ (mask) + Uzel2

This block defines a constant power load:

F = Pcost.
Q = Qcost. ‘4>
E— S
FPower and Voltage Ratings [MVA, kv]
[100 110]
Active and Reactive Powers [p.u. p.u.]
[0.5 0.1]
Maximum and Minimum Allowable Voltage [p.u. p.u.]
[1.2 0.8]
[] Allow conversion to impendance for min or max voltage

Connected

oK Cancel || Help Apply

Ready — — ~ [195% | |odets y
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B Priklad02 [N
File Edit View Simulation Format Tools Help
DS EHS| & BER|E= 4|52 » = fioo [Nomal B h nEES®

¥ Block Parameters:

Line (mask
This block defines a pi model for a tree phase line. I

Power, Voltage and Frequency Ratings [MVA, kV, Hz]

X =0.4Q/km, B =34S/km
/., =100 km,

[100 110 50]

Length of line [km] (0 for p.u. parameters)
0

Resistance [p.u. (Ohms/km)]

0

Reactance [p.u. (H/km)]

0.330578512396694

Zn=110*110/100 Zn = Ui /Sy
Susceptance [p.u. (F/km)] _

Xkm=0.4 Z,=121Q
0.0363000000000000

Bkm=3e-6

Imax, Pmax and Smax [p.u., p.u., p.u.]
delkal2=100

X12=Xkm*delkal2
x12=X12/Zn

[195%

[0.0 0.0 0.0]

Connected

H Cancel H Help Apply
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B Priklad02 [N
File Edit View Simulation Format Tools Help
DS EHS| & BER|E= 4|52 » = fioo [Nomal B h nEES®

¥ Block Parameters:

Line (mask
This block defines a pi model for a tree phase line. I

Power, Voltage and Frequency Ratings [MVA, kV, Hz]

X =0.4Q/km, B =34S/km
/., =100 km,

[100 110 50]

Length of line [km] (0 for p.u. parameters)
0

Resistance [p.u. (Ohms/km)]

0

Reactance [p.u. (H/km)]

0.330578512396694

VIV V4

R — Zadava se cela pricna susceptance

0.0363000000000000 pro soucet obou stran Pi-¢lanku:

B12=Bkm*delkal2
b12=B12*Zn

Imax, Pmax and Smax [p.u., p.u., p.u.]

[0.0 0.0 0.0]

Connected

H Cancel H Help
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Static Report

o e S |

[ |
E————— |Graf|Cky VyStUp: |

OO0 N~ [WIN|—]O [T

Figu

i =]

Bus (A-Z]  wm (VL  va  (deZ)(bik] e (D) (-0 (k] o (I)(P-0. (ki)
- - -0.5 9
[2}-Uzel2 105.1715 -5.9552 -0.5 -0
[3]-Uzel3 110.4761 04727 1 01 H
re 3 = | (B |t S|
) ; ) ) Voltage Phase Profile
Eile Edit View Inset Tools Desktop Window Help 10
o RO EL- S| 0EH i
8
Voltage Magnitude Profile
120 T
6
100} - 4
2
B0 _ =
S 0
<)
60 — -2
-4
40 —
-6
20 N -8
-10
0 1
Bus #

o
B'21,56"

105171,47643

110476,12824

11

-9°57°18,67"

9°28°21,56"

105171,47629

110476,12820

12

-9°57°18,67 "’

9°28°21,56"




:_g Lister - [CAWORKAWI\Priklad01 01.8xt] 'R

.

=hE X

Eile Edit Options Enceding Help
POWER FLOW REFPORT

PSS AT 2.1.9

Author: Federico Milano. (c) 2002-2013
e-mail: federico.milano@ucd. ie
website: faradayl.ucd.ierspsat.html

File: E:~\PORTAPP~MatLab.R2010b~R2010b“toolbox\psat~Priklad0l .mdl

Date: 27—-Nov-2016 16:13:27

NETWORK STATISTICS

Buses: 3

Lines: 2

Generators: 1

Loads: 2

SOLUTION STATISTICS

Number of Iterations: 4

Maximum P mismatch [p.u.] 0

Maximum Q mismatch [p.u.] 0

Power rate [MVA] 100

POWER FLOW RESULTS

Bus v phase P gen
[p.-u.] [Tad] [p.-u.]

Uzell 1 0 -0.5

Uzel?2 0.9561 —-0.1%7375 0

Uzel3 1.0043 0.16533 1

o

12 105171,47629 110476,12820

Textovy vystup: *

51 %

7 L4

0 gen

[p.u.]

0.20577
0

0.1

12

01’
3,91
7 717
7 027
) 93’
),90°
P load Q0 load 55
[p.u.] [p.u.] 54
0 0 56"
0.5 0.1 56"
0 0 56

-9°57°18,67 "’ 9028'2,56”




D Lister - [CAWORKNWI\Priklad01_01.txt]

Eile Edit Options Enceding Help

LINE FLOWS

From Bus To Bus
Uzell Uzel?2
Uzel3 Uzell
LINE FLOWS

From Bus To Bus
Uzel?2 Uzell
Uzell Uzel3

GLOBAL SUMMARY REPORT

TOTAL GENERATION

REAL. POWER [p.u. ]
REACTIVE POWER [p.u.]

TOTAL LOAD

REAL. POWER [p.u. ]
REACTIVE POWER [p.u.]

12

Line

Line

105171,47629

s mese s o S22 1o .:.@9:7..
Textovy vystup: | -
P Flow Q0 Flow P Loss 0 Loss
[p.u.] [p.u.] [p.u.] [p.u.]
0.5 0.15818 0 0.05818
1 0.1 0 0.14759
|
P Flow QO Flow P Loss 0 Loss |.01"
[p.u.] [p.u.] [p.u.] (p.u.1 (351"
~0.5 ~0.1 0 0.05818 [/ 17
-1 0.04759 0 0.14759 |,02""
D 93"
0,90
[,957
3:205?7 | 54"
1,96
01 1,56
_ r?f|,56”
110476,12820 12 |-9°57°18,67 " |9°28°21,56""
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*

C | ® filey///C/WORK/W1/Priklad01 0.. Yr| O W i
V\I/Stu o HTML (prO WWW)I ‘ NETWORK STATISTICS
Buses: 3.00000
Lines: 2.00000
o U, U, ot 2 00000
0 110000,00000 110000,00000! soLuTION STATISTICS
1 1 08557!79539 1 1 3456!9202 MNumber of Iterations: 4.00000
2| 10537488998 | 110502,50407) Mmoo
3 105284,10663 110555,0364 5] [Power rate [MVA] 100.00000
4 105178,50904 110476 ,87553] POWER FLOW RESULTS
5 105175,34781 110478.,27315) [Bus [v phase [Pgen |Qgen [Pload |Q load
6 | 105171,71834 | 110476,14855] ur uonoo o000 -0 300000 205770 oo oo
7| 105171,60850 | 110476, 18655 220 2t oo
8 105171,48461 110476,1287 L INE FLOWS
o) 105171,48086 110476.,1297 _
From Bus|To BusLine P Flow |Q Flow Q Loss
10 105171,47656 110476,1282 [pu] |[p.u] [p-u.]
Uzell  |[Uzel2 |1.00000]0.50000/0.15818-0.000000.05818
11 105171,47643 110476,12824) [Uze3  [Uzell [2.00000[1.00000]0.10000 0.14759
12 105171,47629 110476,1282




(X[Nad™ ™ c
\v4 v , v 7 v v M Do Vi RozloZeni stranky V. Data Revize Zob & @ = EE EX
Reseny priklad z predmeti ~ » o= = - <
- A | L &) &) 2
VloZit -] B £ 1 A a Zarovnani, Cisl Styly | Bunky j :ﬁ'
- 7 = S A = - - - P~
4 Schranka Pismao Upravy
VyStup MS_EXCEI— (XlSX): ‘ Al - f | POWER FLOW REPORT v
A B C D E F G H T
1 |POWER F!]Cl. W REPORT
2
(]2 (]% i PSAT 2.1.9 I
5 Author: Federico Milano, (c) 2002-2013 I

1 1 0000,00000 1 1 0000,000 6 e-mail: federico.milano@ucd.ie I

7 website: faradayl.ucd.ie/psat.html

108557,79539 113456,9202 -

9 File: E\PORTAPP\MatLabh.R2010b\R2010b\toolbox\psat\Prikladol.mdl

1 05374,88998 11 0502,594 10 Date: 27-Nov-2016 17:44:22

11

1 05284,1 0663 11 0555,036 12 NETWORK STATISTICS

13 Buses:

105178,50904 110476,8755 =

15 Generators:

Fd = Rd L

105175,34781 110478,2731) .,

18 SOLUTIOM STATISTICS

1 051 71 ,7 1 834 1 1 0476, 1 48 19 \Number of Iterations: 4

20 Maximum P mismatch [p.u.] 4.74E-14

105171,60950 110476,1863) 21 vaximum amismateh (p.u)  7.226.14

22 Power rate [MWVA] 100

105171,48461 110476,1287] =

24 |POWER FLOW RESULTS

1 051 71 ,48086 1 1 0476, ’I 29 25 Bus W phase P gen Q. gen P load Qload

OO0 N~ [WIN|—]O [T

26 [p.u.] [rad] [p.u.] [p.u.] [p.u.] [p.u.]
1 0 1 051 71 ’47656 1 1 0476’ 1 28 2; 522:2 0.95510411 -0.1?3?2 4.?4E--D1.i E':'zzf:z?ij D.: o.i
11 105171 ,47643 110476,128 iz Uzel3 1.004328 0.165329 1 0.1 0 0 |

M4 v ]| Listl CListz List3 ¥4 4 » [1]

12 105171,47629 110476,1282) ripaen Eog wxo o |

P — e —



* | Priklad01_01-Cverleaf

7 v | Soubor Ugravy Zobrazeni Okna MNapovéda
e e ny p rl Domovska stranka Nastroje Priklad01_01-Owerl... % @ Prihlasit se
@ 12 QO m O mr 0D 3 150% -
Table 1: Network statistics
Buses: 3.00000
Lines: 2.00000
p (]2 Generators: | 1.00000
Loads: 2.00000
0 110000,
1 | 108557, ‘ Vystup LaTeX/pdf:
2 105374, _ o
Table 2: Solution statistics
3 105284, Number of iterations: 4.00000
4 105178 Maximum p mismatch [p.u.] | 0.00000
’ Maximum q mismatch [p.u.] | 0.00000
5 1051 75, Power rate [mva] 100.00000
6 105171,
4 105171,
8 105171, Table 3: Power flow results
9 105171, Bus \Y Pl-lase P gen Qgen | Pload | Q load
[p.u.] [rad| [p.u.] [p.u.] lp.u. |p.u.]
10 105171, Uzell | 1.00000 | 0.00000 | —0.50000 | 0.20577 | 0.00000 | 0.00000
11 105171 Uzel2 | 0.95610 | —0.17375 | 0.00000 | 0.00000 | 0.50000 | 0.10000
: Uzel3 | 1.00433 | 0.16533 1.00000 | 0.10000 | 0.00000 | 0.00000
12 105171, )

827x1169"
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Vystup CPF analyzy:

Uzell
2.5 Vipap 777
VUzeIB
-3 : | | |
0 05 1 15 2

Loading Parameter 3 (p.u.)
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Vystup CPF analyzy:

“altage Magnitudes [p.u.]

0.95

i 1R

- —0.85

- —0.8

0.75

a7z

0.65



Co je PSAT Zavér:

* Vhodny nastroj pro reseni ustalenych stavu i
prechodnych elektro-mechanickych déju v
elektricke siti pro vyukoveé i vedecké ucely.

e Vytvari rozhrani mezi ruznymi software a
vstupnimi daty, pricemz pohodlné vizualizuje
ziskané vysledky.



PSAT (Power System Analysis Toolbox)

Dalsi informace:
http://faradayl.ucd.ie/psat.html

https://groups.yahoo.com/neo/groups/psatforum/info

C | & https://groups.yahoo.com/neo/groups/ps

A Home Mail Search News Sports Finance Celebrity Weather Answers Flickr Mobile More v

100! ETm =T ——
GROUPS earch Groups Search Web E ignin gl Mai O

§ A personalized
news stream

s,

Browse Groups

PSAT Forum

© Restricted Group, 4357 members

© About  More v 2]

About Group

added in the last 7 days

Group Description

Web forum for users of the Power System
Analysis Toolbox (PSAT).

PSAT is a Matlab toolbox for electric
power system analysis and control. The
command line version of PSAT is also
GNU Octave compatible. PSAT includes
power flow, continuation power flow.
optimal power flow, small signal stability
analysis and time domain simulation. All
operations can be assessed by means of
graphical user interfaces (GUIs) and a
Simulink-based library provides an user-
friendly tool for network design




