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Very brief introduction to the Open-Instance Power System Library
Modelling and simulation possibilities by using OpenlPSL and Modelica
Comparison of the performance with a reference simulation software

3 use cases with a dynamic simulation and linearization
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Download the files for the tutorial:

Go to our Github repo:

@ GitHub, Inc. [US] https://github.com/SmarTS-Lab/OpenIPSL/releases/tag/Tuto_TAMU_2017 i}

OpenlIPSL Tutorial @TAMU

© Tuto_TAMU_2017
O 4b27202

' Ivanfretti released this 6 days ago

ELECTRICAL & COMPUTER
I M ENGINEE

TEXAS \&M UNI\ ERSITY

This release of OpenIPSL's "Tutorial" was prepared for a Tutorial at Texas A&M University
organised by Associate Prof. Le Xie on April 20th 2017.

The preparatory work prior to the tutorial can be found in this .pdf:
The slides with the hands-on examples, explained step by step, can be found here:

The presentation on OpenlPSL given will be made available herein:

Downloads

souree coe (le) —

tT'Source code (tar.gz)

Note: A dedicated package will be prepared for the tutorial and uploaded soon.

Please download (again!) the package on the day of the tutorial so that you have the
most up to date files.

The dedicated package will also be available on a USB stick that we can circulate on the
day of the tutorial.
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Load the OpenlIPSL to OMEdit

External libraries, such as OpenlPSL, must be loaded in OMEdit to be
used:

* Unzip the package downloaded at the previous step
* Open OpenModelica Connection Editor (OMEdit)
 Browse Windows Explorer to the location of the unzipped folder

« Drag & drop the OpenlIPSL.mo file to the Library Browser in
OMEdit.

o& OMEdit - OpenModelica Connection Editor
resentations » 2016_12 Brazil » OpenlPSL Tutorial » ~ | 9| [ Search OpeniPsL. Tutoriat ol
- ed 11" /e
Share with v New folder =~ 0O @ e m— 5 x
A Search Classes 4
it Name Date modified Type Size [Search Casses |
Libraries
& Resources 2016-11-1512:39 File folder , E] OpenModelica
&~ 2016_OpenlIPSL_Tutorial_Pre_Homework.... 2016-11-1113:50 Adobe Acrobat D... 2211 KB © ModelicaReference ]
Z OpenlPSL.mo 2016-11-1512:37 MO File 2111 KB () Modelicaservices
F| Tutorial.mo i Gl L 111 KB - Complex
i 7% Modelica
«& TwoAreas.mo 2016-11-1512:41 MO File 11TKB 9 OpenipsL
» | Examples
&)
Electrical
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Load an Application Example to OMEdit

Once the OpenlPSL is loaded (see previous slide) in OMEdit, you can
load the Tutorial package:

Browse Windows Explorer to the location of the unzipped folder
Drag & drop the Tutorial.mo file to the Library Browser in OMEdit.

resentations » 2016_12_Brazil » OpenlIPSL Tutorial »

v | 5 | l Search OpenlPSL Tutorial

Share with v New folder

ir Name

& Resources

«Z| OpenIPSL.mo
<& Tutorial.mo
& TwoAreas.mo

2016-11-1512:39
&~ 2016_OpenIPSL_Tutorial_Pre_Homework.... 2

2016-11-1512:39

Type

File folder

Adobe Acrobat D...

MO File
MO File
MO File

r —
it - Open elica Connection Editor
OMEdit - OpenModelica C ion Edi r

File Edit View Simulation FMI Export
) Lo LN
A Asl< £
Libraries Browser & X
lSearv:)‘\ Classes |
Libraries
> E] OpenModelica

> 0 ModelicaReference
D ModelicaServices

\:\ Complex

@ Modelica
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Library introduction

OpenlPSL is divided in four main categories:

R)t‘i\ 2
O

OpenlPSL
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Library introduction

v % OpenlPSL

» »| Examples
Electrical v|(P| Electrical
« The Electrical package contains most of the : g ::‘:::hes
components that comprise an actual power network » [P Machines
» | P| Controls
»|P| Loads
. . o . » | P| Banks
* E.g., electrical machines, transmission lines, loads, » [P| solar
excitation systems, turbine governors, etc. » | P| Wind
»|P| Events
»|P| FACTS
» | P| Essentials
* These are used to build the power system network ] sSystemBase
models » | P| Sensors

» | P| NonElectrical
» | P| Connectors
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Library introduction

NonElectrical v ¥ OpenlPSL
» »| Examples

« The NonElectrical package is comprised by functions, »|P| Electrical
blocks or models, which are used to build the v|P| NonElectrical
aforementioned power system component models : » [P Logical
Transfer functions, logical operators, etc. » [P| Continuous

« They perform specific operations which were not available »|P| Nonlinear
in the Modelica Standard Library (MSL) »|P| Functions

» | P| Connectors

Connectors

» The Connectors package contains a set of specifically
developed Modelica connectors to harmonize the models in
this library ( e.g. PwPin a connector, which contains voltage
and current quantities in phasor representation)
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Library introduction

Examples
v % OpenlPSL
* In this workshop, the Tutorial package will be used 5] Examples
to showcase the possibilities of the library »[P] Electrical
» | P| NonElectrical
* In the packages Example_1, Example_2 and »|P| Connectors
Example 3 prepared use cases can be found v[») Tutorial

» [»] Example_1
» [»| Example_2
» [»] Example_3
» [»| Working_Examples

where steps to build the models are described

« Package Working Examples and corresponding
sub-packages will be used by attendees of the
workshop to create use cases on their own
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Example 1°

B B2 B3
—
0.0
%9 8
0.0 0.0 0.0
0.0 0.0 EI 0.0

« Single Machine Infinite Bus (SMIB) system

» Analysis of the transient stability of the system including the effects of rotor
circuit dynamics and excitation control

» Four machines represented by one connected via transformer and parallel
lines to the infinite bus

OPENIPSL TUTORIAL 2017-04-19

" P. Kundur, “Power System Stability and Control”, Example 13.2




Example 1

*a d_kundur2 - 0
Power fI ow File Edit View Display Diagram Simulation Analysis Code Tools Help

L’i&"é HevE 4O © ¥ ]10.0 > QY

« Power flow results were obtained by PSAT -

* Prepared Example 1 already exists in ;5
PSAT and can be used for power flow
calculations and dynamic simulations
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Example 1

Power flow
« Example 1 is loaded and the power flow calculations are executed

<) PSAT 2.1.9 - B

File Edit Run Tools Interfaces View Options Help <

<) Load Data File — P

File Edit R - =wa RlEe & oo ik @2ia =an @ (o
. = Data File
Current path: |C-\psatitests m— [ kundur2(mdi) 50 Freq. Base (Hz)
Folders in current path: Files in current path: Preview Perturbation File 100 Power Base (MVA)
T _pee T 0 Starting Time (s)
A d_014_statcom.mdl A i
"y d_014_twt.mdl Command Line 20 Ending Time (s)
a d_024-md
;\\ d_anderson_farmer.m¢ 1e-05 PF Tolerance
A d_ddsg.mdl
X:: d:hv;g rr:dl : A 20 Max PF lter.
Y- v d_kundurt.mdl
= d:kE:dﬁ:Lr:vc.mdl 1e-05 Dyn. Tolerance

Eilters: d_kundur1_upfc.mdl v 20 Max Dyn. lter.

PSAT Simulink ((mdl) W d loads.mdl

d_motor.mdl Load 1

d_omol.mdl Power Flow Time Domain Settings
|EEE CDF d_sssc.mdl ) )

d tcsc.mdl Y View File 05 T
| ‘Verbose conversion d_wtfr.mdl - CPF Load System Plot

Silent conversion < > Larce OPF Save System Close
0

) 0 15 20
Power Flow completed in 0.201 s
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Example 1

Power flow

« Static Report can be access where
all of the power flow results are z Staic Report = O
listed along with the initial values  File View Preferences
of various state variables of the

AZl ym Pwllbhl vy (rad! ik p 1] [p-u. [l QLI [P-u.] ([l

19.98
2 09443 N 035122 N 0 () 0 2
| | |Ode|S 0.90081 0 19.98 0.87066
1 0.49468 19.98 9.6793
0.9443 0.35122 0 0
0.90081 0 19.98 0.87066
[7]-Bus? 1 0.49468 19.98 9.6793

* In this tutorial, there is no need to s || s | ]| e
run the power flow in PSAT since : : : : :
the data will be provided, but feel T S
free to explore PSAT later SN e

0.5742¢ pm_Syn_2 =20.0466
n 12243 V p_Syn_2= 19.98
o « q_Syn_2=9.67925
> Vi Syn_3 =2.36208
. Gun_2 =20 NAGR

Report Close
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Example 1

Power flow

« The summary of all of the relevant data from the power flow is given on
the figure below

—=13.00 ——=-13.00
G' 948 — =699 — > 699 —+—=-0.87
—+— 2.22 —+— (.30

049 7ad 0,9443 0.9
0.35 rad 0 rad
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Example 1

Generator model — Step 1

 First, the package where the generator model will be located has to be
created

» This is done by right clicking on the Example 1 in the
Working Examples package

« The package should be named Generator

" (] T o8  OMEdit - Create New Modelica Class
& ‘L‘ Example_1
® ‘i‘ Eample 2 Name: ]Generator \
& \T\ Example 3 Specialization: Package
B (| .
| > | wering Ecamples Extends (optional): \ | Browse...
| S | @ viewDocumentaton Insert in class (optional): kamples.ExampIe_l\ Browse...
e [ NewModelica Class i
: Partial
B Instantiate Model D
@ CheckModel || Encapsulated
® Check All Models
A Duplicate Cancel
¥ Delete

OPENIPSL TUTORIAL 2017-04-19




Example 1

Generator model — Step 1

« Within the Generator package, model of the generator shall be created
« Extends from Tutorial. Support.Generator Example

= E] Tutorial - - : ‘ 2 2 I\
& |E‘ Bample 1 °ﬂ OMEdit - Create New Modelica Class ST | N e
|

» Example_2
L : g Name: IGenerator I
T > Example_3
| |€‘ B Spedialization: [Model ']
i \E\ Example_1 Extends (optional): lTutoriaI.Support.Generator_Example I [Brow—se]
\

o View Class

= Insertin class (optional): ITutoriaI.Working_ExampIes.Example_l.Generator | Browse...
‘ } ‘ Example €9  View Documentation
i_ -+ NewModelica Class ("] Partial

E Instantiate Model [:] Encapsulated

Q Check Model
Check All Models

OK ][ Cancel ]

Duplicate
Delete

Export FMU
Export XML
Export Figaro -

By e O

OPENIPSL TUTORIAL
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Example 1

Generator model — Step 1
« 6" order model of the generator from the PSAT is used

« The model is added by dragging the generator from the library and
dropping it to the model

Electical.Machines PSATOrder6

JAN
vfO w
B f Order VI delta[>
N e
AV |
\u/ P>
®""  machine o[>
pmO
\/

OPENIPSL TUTORIAL 2017-04-19




Example 1

Generator model — Step 1
Parameters of the generator are given in the table

Electiical.Machines PSATOrder6

Sp 2220 | x", [0.25
v, |400 T'a0 |8

n |0.003| T'po |1

xqg |1.81 | Tz, |0.03
Xq |1.76 | T";, |0.07
x'y 0.3 T,, |0.002
x'q [0.65 M |7
x"; 10.23 D |0

/\
vfO W
p i Order VI deia]>
NP
) ]
N4 P>
®""  machine o>
pmO
\/

OPENIPSL TUTORIAL
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Example 1

Generator model — Step 1

 Power flow results: a V0
angle angle_0
P, PO
Qo Qo
7 V_b
S, Do not edit
fo Do not edit

Note: Using the variables (V_0, angle_0, etc.) allow to propagate the
parameters to the “upper layer” of the generator component
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Example 1

Generator model — Step 2
« PSAT model of the AVR Type lll is used

« Constant block pss_off will be used as a zero input to the PSS input
signal of the AVR since the PSS is not used

« Parameters:

Vf max /

vf,min -6.4 Eechichdn

K, |200 =" b Order VI s
TZ 1 . > {f/:”v\ v.

0 I M)

= 1 Madelica Blocks Sources Constart B machine  Q
T, 0.0001 pmo
T, |0.015

OPENIPSL TUTORIAL 2017-04-19




Example 1

Generator model — Step 3
« To finish the generator model, .o

ine'sinput field voltage

d .ff t H I d t b 3. Initially @lailated medanial powerto input sgnal of the madine's
I eren Slgna S nee O e medanial power

4. Machine'spower terminal to the generator model power terminal
connected

5. Congtant pss_off to the PSS inputatthe AVR

6. Initial generator field voltage to initial AVR field voltage

« Optionally, icon of the generator > 1
model can be altered

vf0 w

pss_off avr . v Order VI delta
o mach|ne

lv
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Example 1

Network model — Step 1

* Network package will be created in the Example 1 package
» This package is created by right clicking on the Example 1 in the

Working Examples package

é’ ﬂ Tutorial
#} ‘E‘ Example_1
o ‘E‘ Example_2

7 ‘E‘ Example_3

‘E‘ Working_Examples

E_ ‘,ﬂ View Class

»‘ @ View Documentation
‘ | ¥ New Modelica Class

B |Instantiate Model
@ Check Model
@ Check All Models

Wit Duplicate
¥ Delete

fu  Export FMU
‘& Export XML
B Export Figaro

OPENIPSL TUTORIAL

&% OMEdit - Create New Modelica Class

|

v

Name: ]Network
Specialization: Package
Extends (optional): ]

Insert in class (optional): ,(amples.Example_l\

|| Partial
[] Encapsulated

OK

2017-04-19

Browse...

Browse...

Cancel



Example 1

Network model — Step 1

* Network model will be created in the Network package
« This package is created by right clicking on the Network package
« The name of the network model will be Example 1

= Tutorial

7 [B) eompies
i ‘E] Example_2
(5] cane
l \E] Working_Examples

J-} lE’ Example_1

@ Generator
m o& View Class

| » ’ Exat €9 View Documentation

li’ £xar | New Modelica Class

E Instantiate Model
@ Check Model
® Check All Models

il Duplicate

OPENIPSL TUTORIAL

o& OMEdit - Create New Modelica Class

Name: Network t—
Specialization: Model 4
Extends (optional): ] \ Browse...
Insert in class (optional): Example_l.Network\ Browse...
|| Partial
|| Encapsulated

OK Cancel
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Example 1

Network model — Step 1

Created generator model (name it machine) and three bus models are
added to the network model Electrical.Buses.Bus

B1 B2

El

0.0
0.0

8

°0
oo
o0
oo

Also, model OpenlPSL.Electrical. SystemBase shall be added to the

network model which defines base parameters for all of the components

in the network model System Data
S, |100

fn 60 Frequency: 60 Hz

System Base: 100 MVA

In text view add the inner keyword in front of the component declaration

inner OpenlIPSL_Electrical.SystemBase SysData




Example 1

Network model — Step 2
Transformer and line models are added

Hectrical .Branches . PSATTwoW indingTrans former

B1

—(i(p)—m

OPENIPSL TUTORIAL

B2

Electrical Branches .PwLine

=t

2017-04-19




Example 1

Network model — Step 2
Transformer and line parameters

Transformer

Do not edit

fn

Do not edit

2220

kT

1

400

0.15

400

0

OPENIPSL TUTORIAL

Line 1
R |0.0 0.0
X 10.57100/2220 0.0
S, 1100

Line 2
R |0.0 0.0
X |0.93*100/222 0.0

0

100

2017-04-19




Example 1

Network model — Step 3
 Infinite bus is added
« Power Flow results are implemented

G1 Infinite bus
Vv |1 angle |0.4946 vV 10.90081 angle |0
P 1997.999 | Q 967.92 P -1998 Q 87.066
E Hectrical Buses.I nfiniteBus

@
g

B3

—
0.0
|

vk s

0.

2 m—
N
OI

oo
[ Ten]
[s]e]
[T ew]
oo
[ Ten]
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Example 1

Network model — Step 4 Fault

« 3-phase-to-ground fault is added

0 t, | 0.5
0.01*100/2220 | t, | 0.57

w

g
@
w

B2
—
0.0
s
0.0

oo
[T ew]

0.0
0.0

OPENIPSL TUTORIAL

{m=p
{m=p
s

Electrical.Events .PwFault
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Example 1

Network model — Step 5
« The network model is completed by connecting all of the components

 Now, the model can be simulated and linearized

— f—p

—
0.0
@ .
e d
0.0

@
-
@
N
@
w

oo
OO

oo

[Tl

OO
oo

OPENIPSL TUTORIAL
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Example 1

Simulation

« System will be simulated with 3-phase-to-ground fault at t=0.5s with a
duration of 70ms

« Simulation results will be compared with the reference results from the
PSAT that will be loaded first

« PSAT results are provided in a file “PSAT _dyn.csv”

« To load the file, the view should be switched to “Plotting” tab

l

Y: -80.53 tWeIcome %% Modeling ﬂ Plotting

OPENIPSL TUTORIAL 2017-04-19




Example 1

Simulation

« Result file can be opened by navigating the menu to File->Open Result
File(s)

 In the pop-up menu, one has to select “Comma Separated Values” as a
file type, navigate to the directory where the file is located and open it

E‘ Edit View Simulation FMI Export Tools Help
D’ New Modelica Class Ctrl+N
[y Open Model/Library File(s) Ctrl+O
Open/Convert Modelica File(s) With Encoding
Load Library

Open Result File(s) Ctrl+Shift+O 4—

Open Transformations File
D’ New MetaModel
7 Open MetaModel

Load External Model(s)

@] PSAT_dyn 10/12/2015 4:12PM  Micrc

n:'] Save Ctrl+S
‘H_Jﬂ Save As

Save Total Model

System Libraries

ime: PSAT_dyn v | |Comma Separated Values (*.« v
Recent Files

Clear Recent Files Cancel

& Print.. Ctrl+P

Quit ctrl+Q

OPENIPSL TUTORIAL

2017-04-19




Example 1

Simulation

* In the variable browser, three waveforms from the PSAT results are
loaded which can be displayed on the plot as it is shown in the figure
below

« Loaded waveforms are generator terminal voltage, excitation field
voltage and the generator speed

|Z Plot: 1 (<] Variables Browser o
Zoom Pan Auto Scale FitinView Save Print Grid | Detailed Grid | No Grid LogX [ |LogY Setup Find Variables

—v —f w : Case Sen Regular Ex~
87 Expand All | Collapse All

| =
Variables Value |
61 5

4




Example 1

Simulation

» Before the simulation, solver and its parameters are set to be the same
as in the PSAT

« Solver is chosen to be Runge-Kutta with a fixed step

« More solvers can be chosen in Modelica (depending on the tool),
however, to match the model’s response with the one in PSAT choice of
the solver is limited

File Edit View Simulation FMI Export Tools Help /
FWHBEE 4E Instantiate Model

Libraries Browser Q Check Model

Libraries @ Check All Models

G Complex 5) Simulate

T 7 Modelica |&P Simulate with Transformatighal Debugger

T’O ModelicaRe{ ‘Simulate with Algorithmif Debugger

¥ [) ModelicaSet| S | ‘Simulation Setup

OPENIPSL TUTORIAL 2017-04-19

Ctrl+B




an

Sy,
FKTHY

B v
8 Example 1

Simulation

« Simulation time is set to 10s and Simulation Setup - OpenlPSL.Examples.Machines.PSSE.GENSAL
the t0|erance Of the SOIVer iS Set to W Output Simulation Flags Archived Simulations

Simulation Interval
1 9'6 Start Time: [o |
Stop Time: [10 |
 The time step is set to 0.0001 :
_> © Interval: [0.0001 |
Integration
Method: | rungekutta 7] E
Tolerance: [1e-6 |
DASSL Options
Jacobian: Colored Numerical >

v Root Finding
v Restart After Event

Initial Step Size: [ ]

Maximum Step Size: \ |

Maximum Integration Order: 5 Z

OPENIPSL TUTORIAL 2017-04-19




Example 1

Simulation
« By pressing the “Simulate” button on the toolbar, simulation of the model
Is executed

BB X 0 EHeee \OHOTH 2 EQ 5 B~

* Once the simulation is completed, '1
the Variable Browser is populated with [B2
the simulation results *G1

| Jtime 10
“tran...rmer

OPENIPSL TUTORIAL 2017-04-19




Example 1

Simulation

« To display the simulation results or compare it with the results from
PSAT, one can mark the check-box next to the variable which will be
shown on the plot

» To show the terminal voltage of the generator in PSAT and modelica,
variables “PSAT _dyn.v” and “Example_1.G1.machine.v” have to be

selected
4 PSAT_dyn =+ Example_1
= o1
| Ovf 4_ B2
Ow 83
“Example_1 ZG1
B1 savr
B2 “machine
B3 -CIvfo
G1 -COpm0
It.ransIormer Cdelta
ine ]
e t dwer(delta)
infinite_bus
fault “'[: der(w) : 4—
line_2 2

OPENIPSL TUTORIAL 2017-04-19




Example 1

Simulation

« To display the simulation results or compare it with the results from
PSAT, one can mark the check-box next to the variable which will be
shown on the plot

« To show the terminal voltage of the generator in PSAT and modelica,
variables “PSAT_dyn.csv.v”’ and “G1.machine.v” have to be selected

A “B1
PSAT_dyn.csv B>
Dtime “B3
vy —— o
T avr
DVf 7machine
Cw [cos 0.0..045
"I:]COBZ 0.0...045
[ V _ 1.0054
[ Ivd 0.0...647
[ lvdo 0.6...549
[ vf -0....328
[ Ivfo 242444
[ lvfoo 1.08882

OPENIPSL TUTORIAL 2017-04-19
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Example 1

Simulation

« To be able to distinguish different signals, let’s adjust the thickness and

the pattern of the signal line

lot: 1

[x]
Print  Grid | Detailed Grid | No Grid | | Log X [ | Log Y] Setup

in View Save

X Plot Setup

Variables Titles Legend

Select a variable, then edit its properties below:

5 —

G1.machine.v

General

Legend v | Reset

File PSAT_dyn.csv

Appearance

Color m Pick Color Automatic Color |-
Pattern SolidLine !_

Thickness 5.00 4: s

[ ] Hide

Cancel

Variables

Titles

Plot Setup

Legend

Select a variable, then edit its properties below:

\4

G1.machine.v

G

General

Legend |G1.machine.v | Reset

File PowerSystems.Examples.Example_1.Example_1_res.mat
Appearance

Color m Pick Color Automatic Color

Pattern DotLine 1— -
Thickness 3.00 h :
[ ] Hide

Cancel

Apply




Example 1

Simulation

* Previous steps produce the plot shown in the figure below showing that
the Modelica produces the same simulation results as the PSAT does

==y ----Gl.machine.v

1.2
1.14 (\
1

0.9+

0.8+

0.7+

0.6

0.5+

0.4+

0.3 : . ; T ;
0 2 4 6 8 10
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Using OMNotebook for Interactive Analysis

The OpenModelica installation includes a very
handy tool called OMNotebook.

)

OMNotebook allows you to interact with the
OpenModelicaCompiler (OMC), and at the same
time analyze the model. This gives you a basic
“lab notebook” where you do your tests before you
create a script for automated analysis (called .mos
scripts).

AN DD

We use OMNotebook next to load the model
developed, and simulate it interactively.

OPENIPSL TUTORIAL 2017-04-19
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=1 Loading and Simulating your Model

O ® OMNotebook: Example_1_interactive.onb
. My W = B e .
Example 1 - Interactive Analysis using OMNotebook -I
Prof. Luigi Vanfretti, 2017-04-19

//Set the current working directory to your installation Set your patCh to Where your
cd ("/Users/luigiv/Downloads/OpenIPSL-Tuto TAMU 2017/"); tutorlal le |S avallable

//Load the standard MSL

loadModel (Modelica) ;

//Load the OpenIPSL |
loadFile ("../OpenIPSL/package.mo") ;

// list (OpenIPSL) //enable to check if the library is being lc

[done] Evaluate each cell using
// Load the tutorial “Shlft_l_Enter”

cd("../ApplicationExamples/ Tutorial/Tutorial/");
loadFile ("package.mo") ;

//Check everything is in the model

list (Tutorial.Example 1.Example 1);

[done]

// Instantiate the model of the network 5 5
instantiateModel (Tutorial.Example 1.Example 1) ; InStantlate and SImUIate the
// Simulate the model

simulate (Tutorial.Example 1.Example 1, stopTime=5); MOdeI

OPENIPSL TUTORIAL 2017-04-19




FrTHE

i1 Plotting in OMNotebook

// What can you plot!
plot ({B1.V,B2.V,B3.V})

true
fcey | Pan FitinView : Save : Prnt @ Grid »
B1.V B2.V B3.V
1,2
!: Fa \/ \/ plot(Gl avr.vf)
0,8 — \/ V true
. jccouy - Pan FitinView @ Save : Print @ Grid »
0,6 —
7 —— Gi.avr.vf
0,4 — I'\ 8
; 6]
0,2 — -
] 4
0 ‘ T T T T I T T T T I T T T T I T T T T I T T 2 —-
1 2 3 4 .
time 0 -
2 _
4 _
6 _
OPENIPSL TUTORIAL -
8 T T T T I T T T T I T T T T I T T T T I T T T T
0 1 2 3 4 5




Parametric Sweep and
Simulation using OMNotebook

Using OMNotebook, we can interact with the OMC in order to analyze the
behavior of the system.

The AVR's output looks saturated.

The type of instability that we are observing it is typically due to negative
feedback from the AVR. This was shown in the early 1900’s by Concordia
and De Mello!

A parametric sweep is used in OMC to simulate the system’s response for
different values of the gain of the AVR, namely, KO.
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Parametric Sweep and
L]  Simulation using OMNotebook

Example 1 - Parametric Sweepl
Prof. Luigi Vanfretti, 2017-04-19

//Set the current working directory to your installation
cd("/Users/luigiv/Downloads/OpenIPSL-Tuto TAMU 2017/");
//Load the standard MSL

loadModel (Modelica) ;

//Load the OpenIPSL

loadFile("../OpenIPSL/package.mo") ;

// list (OpenIPSL) //enable to check if the library is being loaded
// Load the tutorial

cd("../ApplicationExamples/ Tutorial/Tutorial/");
loadFile ("package.mo") ;

// Build the model once

buildModel (Tutorial .Example 1.Example 1) ;

// Do the parametric sweep using a loop
getErrorString() ;
for i in 1:10 loop
// We update the parameter using value
value := i*10;
// call the generated simulation code to produce a result files %i% res.mat
system("./Tutorial.Example 1.Example 1 -override=Gl.avr.KO0="+String(value)+" -r=Example 1 parametric"
+ String(i) + "_res.mat");
getErrorString() ;
end for

nmn

plot ({B1.V},fileName="Example 1 parametricl res.mat")
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Parametric Sweep and
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Parametric Sweep and
Simulation using OMNotebook
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Linear Analysis

Let's now do a bit more analysis on the system’s stability by using linear
analysis.

This will allow us to determine the system’s damping with the current value
of the AVR'’s gain (K=200).

Two methods are shown in the following slides, using OMNotebook and the
OMShell (optional).

// Instantiate the model of the network
instantiateModel (Tutorial.Example 1.Example 1);

// Linearize the model

linearize (Tutorial.Example 1.Example 1, stopTime=0) ;
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=l Linear Analysis

list (linear Tutorial Example 1 Example 1)

"model linear Tutorial Example 1 Example 1
parameter Integer n = 9;
// states

parameter Integer k = 0;
// top-level inputs
parameter Integer 1 = 0;

// top-level outputs

parameter Real x0[9] = {2.420701642076922, 1, 0, 1.224247464404018, 0.4107654957816429, 1.02748702363574,
0.5742496657902401, 0.9593327097152915, 1};

parameter Real u0[0] = {i for i in 1:0};

parameter Real A[9, 9] = [-10000, -2000000, 10000, O, O, O, O, O, O; O, -66.66666666666667, O,
-9.193997621986762, 6.549112611627166e-15, 0, 29.25536745530336, 33.36361865698515, -5.0677616596937%e-16;
o, ¢, -1, 0, 0, 0, 0, 0, 0; 0, 0, 0, 0O, O, O, O, O, 376.9911184307751; 0, 0, 0O, 0.4610796242587042, -1, O,
-1.489428945747467, 0.006336424213860586, -1.215373955322828e-17; 0.12496875, 0, 0, -0.2257865911752657,
6.023845086408405e-17, -0.125, -0.001104105716065041, -0.266889889874036, 3.011922543204202e-17; 0, 0, O,
2.62155903181871, 14.28571428571428, 0, -22.75415595943628, 0.03602698808039422, -6.910248039557863e-17;
0.008333333333333333, 0, 0, -2.972830759729272, 7.931326599823655e-16, 33.33333333333334,
-0.01453726466937616, -36.84735278837885, 3.965663299911827e-16; -0, -0, -0, -0.1593501250388591,
8.249174533413525e-17, -0, 0.06000759107001079, -0.1730203086038577, 1.487405919582988e-17];

parameter Real B[9, 0] = zeros (9, 0);

parameter Real C[0, 9] = zeros (0, 9);

parameter Real D[0, O] zeros (0, 0);
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& Linear Analysis

Now we copy and paste the A matrix of the model defined above, the assignment A:=[...]; makes the A matrix available to the
OpenModelicaCompiler.

Once in the OMC, we use the MSL mathematical functions to compute the eigenvalues and eigenvectors!

A := [-10000, -2000000, 10000, O, O, O, O, O, O; O, -66.66666666666667, 0, -9.193997621986762,
6.549112611627166e-15, 0, 29.25536745530336, 33.36361865698515, -5.0677616596937%e-16; 0, 0, -1, 0, 0, O,
o, o, 0; 0, 0, 0, 0, 0, O, O, O, 376.9911184307751; 0, 0, 0, 0.4610796242587042, -1, 0, -1.489428945747467,
0.006336424213860586, -1.215373955322828e-17; 0.12496875, 0, 0, -0.2257865911752657, 6.023845086408405e-17,
-0.125, -0.001104105716065041, -0.266889889874036, 3.011922543204202e-17; 0, 0, 0, 2.62155903181871,
14.28571428571428, 0, -22.75415595943628, 0.03602698808039422, -6.910248039557863e-17;
0.008333333333333333, 0, 0, -2.972830759729272, 7.931326599823655e-16, 33.33333333333334,
-0.01453726466937616, -36.84735278837885, 3.965663299911827e-16; -0, -0, -0, -0.1593501250388591,
8.249174533413525e-17, -0, 0.06000759107001079, -0.1730203086038577, 1.487405919582988e-17];

[done]

(eval,evec) := Modelica.Math.Matrices.eigenValues (34) ;
eval

{{-10000.00533773918,0.0}, {-74.9958055563845,0.0}, {-15.08153495326777,13.52584213953},
{-15.08153495326777,-13.52584213953}, {-21.1415314117239,0.0},{0.351753399829141,8.06568059314465},
{0.351753399829141,-8.06568059314465}, {-1.790937600311332,0.0},{-1.0,0.0}}
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Example 1 — Linearization using OMShell

Linearization

« To linearize the system, OpenModelica scripting will be needed

o

* OMEdit - OpenModelica Connection Edito
File Edit View Simulation FMI Export Debug |Tools| Help

i — B OpenModelica Compiler CLI 4—!—
JeB R [ ©. @,

. B OpenModelica Command Prompt
Libraries Browser

|

« Along with the library, a set of commands was provided
(Command_List.txt) to linearize the model and extract the A matrix

a8 OMShell - OpenModelica Shell - 0

File Edit Help

OMShell 1.1 Copyright Open Source Modelica C
Distributed under OMSC-PL and GPL, se

onsortium (OSMC) 2002-2015
e www.openmodelica.org
Connected to OpenModelica v1.9.3

To get help on using OMShell and OpenModelica, type "help ()" and press enter.

>>
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Example 1 — Linearization using OMShell

Linearization

« Copy and paste each line from the Command_ List.txt for Example 1 to
the command prompt in OpenModelica

¥ Example 1

Tinearize(Tutorial.Example_l.Example_1,stopTime=0.0)
ToadFile("1linear_Tutorial.Example_l.Example_1.mo")
(a) := getParametervalue(linear_Tutorial_Example__1_Example__1,"A")

(eval,evec) := Modelica.Math.Matrices.eigenvalues(A);

i 0000000000000
B OMEdit - OpenModelica Compiler CLI e S

package.mo", false,2,1,8207,13,{},false, false,"3.2.2","info", false)

getClassNames (Modelica, true,true, false,false, true)

4 b
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&1 Example 1 - Linearization using OMShell

Linearization

* The third command will save the A matrix of the linearized state-space
model in the variable a as a string

(a) := getParameterValue(linear Tutorial Example 1 Example 1,"A")
"[-10000.00001883345, -1999999.999376403, 10000.00001354202, O, O, O, 0O, O,
0; 0O, -66.66666664588011, 0, -9.1939%840693, 0, 0, 29.25536833302091,
33.36361960418314, 0; 0, -0, -1, O, 0, O, O, O, O0; O, O, O, O, O, O, O, O,
376.9911183132299%; 0, 0, 0, 0.4610796383129454, -1.000000000040006, O,
-1.489428787814838, 0.006336423644081423, 0; 0.12496874997%8185, 0, O,
-0.2257865959788967, 0, -0.1249999999489799, -0.001104105864984619,
-0.2668898899933837, 0; 0, 0, 0, 2.621559111656663, 14.28571427785067, O,
-22.75415506790642, 0.03602698209807199, 0; 0.008333362194389847, 0, O,
-2.972830840045475, 0, 33.333333319727%6, -0.01453727042270238,
-36.84735279887008, 0; 0O, O, O, -0.1593501291498556, 0, O,
0.06000757044682015, -0.1730203086421652, 01"

£
—
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Linearization
» Copy the output from the previous command without the quotation

marks by pressing Ctrl+C

e OMShell - OpenModelica Shell

File Edit Help

>> a

j[-10000, -2000000, 10000, O, O, O, O, O, O0; 0, -66.66666666666667, 0,
-9.193997622099554, -4.759577115384928e-015, -8.298780793651132e-031,
29.25536745537535, 33.36361865691839, -7.027675513752778e-015; 0, 0, -1,
o, o, o, o, 0, 0; 0, 0, 0, 0, 0, O, O, O, 376.9911184307751; 0, 0, O,
0.4610796242480153, -0.9999999999999999, 1.919055855970346e-032,
-1.489428945747467, 0.006336424213860759, 1.350415505914253e-018;
0.12496875, 0, 0, -0.2257865911759665, 6.023845086408405e-017, -0.125,
-0.001104105716065231, -0.2668898898740362, 6.023845086408405e-017; O,
0, 0, 2.621559031757935, 14.28571428571428, 1.091117010401847e-031,
-22.75415595943628, 0.03602698808039521, 7.678053377286515e-018;
0.008333333333333333, 0, 0, -2.972830759738499, 7.931326599823655e-016,
33.33333333333334, -0.01453726466937866, -36.84735278837885,
7.931326599823655e-016; -0, -0, -0, -0.1593501250378111,
1.54270011423793e-017, 4.717941345471374e-034, 0.06000759106859681,
-0.17302030860439, 2.642981073634172e-017]1}§
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L+l Example 1 - Linearization using OMShell

Mt

Linearization

« To save the matrix A as a matrix of Real values type A := and then
press Ctrl+V to paste the copied matrix

e OMShell - OpenModelica Shell - O

File Edit Help

>> A:=[-10000, -2000000, 10000, O, O, O, O, O, O; 0, -66.66666666666667, ~»
0, -9.193997622099554, -4.759577115384928e-015, -8.298780793651132e-031,
29.25536745537535, 33.36361865691839, -7.027675513752778e-015; 0, 0, -1,
o, o, o, o, o0, 0; o, 0, 0, 0, 0, O, O, O, 376.9911184307751; 0, 0, O,
0.4610796242480153, -0.9999999999999999, 1.919055855970346e-032,
-1.489428945747467, 0.006336424213860759, 1.350415505914253e-018;
0.12496875, 0, 0, -0.2257865911759665, 6.023845086408405e-017, -0.125,
-0.001104105716065231, -0.2668898898740362, 6.023845086408405e-017; O,
0, 0, 2.621559031757935, 14.28571428571428, 1.091117010401847e-031,
-22.75415595943628, 0.03602698808039521, 7.678053377286515e-018;
0.008333333333333333, 0, 0, =-2.972830759738499, 7.931326599823655e-016,
33.33333333333334, -0.01453726466937866, -36.84735278837885,
7.931326599823655e-016; -0, -0, -0, -0.1593501250378111,
1.54270011423793e-017, 4.717941345471374e-034, 0.06000759106859681,
-0.17302030860439, 2.642981073634172e-0171];

>>
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&2 Example 1 — Linearization using OMShell

Linearization

It is known that the eigenvalues of the linearized system can be found by
solving the following equation:

det(A— Al =0

« This can be done by executing the last command
(eval,evec) := Modelica.Math.Matrices.eigenValues(A);

o) OMShell - OpenModelica Shell - =
File Edit Help

29.25536745537535, 33.36361865691839, -7.027675513752778e-015; 0, 0, -1, ~
o, o, o, 0, 0, 0; 0, 0, 0, O, O, O, O, O, 376.9911184307751; 0, 0, O
0.4610796242480153, -0.9999999999999999, 1.919055855970346e-032,
-1.489428945747467, 0.006336424213860759, 1.350415505914253e-018;
0.12496875, 0, 0, -0.2257865911759665, 6.023845086408405e-017, -0.125,
-0.001104105716065231, -0.2668898898740362, 6.023845086408405e-017; O,
0, 0, 2.621559031757935, 14.28571428571428, 1.091117010401847e-031,
-22.75415595943628, 0.03602698808039521, 7.678053377286515e-018;
0.008333333333333333, 0, 0, -2.972830759738499, 7.931326599823655e-016,
33.33333333333334, -0.01453726466937866, -36.84735278837885,
7.931326599823655e-016; -0, -0, -0, -0.1593501250378111,
1.54270011423793e-017, 4.717941345471374e-034, 0.06000759106859681,
-0.17302030860439, 2.642981073634172e-017];

’

>> (eval,evec) := Modelica.Math.Matrices.eigenValues (A);

>> |
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L4 Example 1 — Linearization using OMShell

Linearization

* The eigenvalues are now stored in the eval variable and they can be
listed by executing eval

« Groups of numbers are listed where the first number is real part of the
system’s pole and the second one is the imaginary part

[5=] OMShell - OpenModelica Shell - B

File Edit Help

0.008333333333333333, 0, 0, -2.972830759738499, 7.931326599823655e-016,
33.33333333333334, -0.01453726466937866, -36.84735278837885,
7.931326599823655e-016; -0, -0, -0, -0.1593501250378111,
1.54270011423793e-017, 4.717941345471374e-034, 0.06000759106859681,
-0.17302030860439, 2.642981073634172e-017];

>> (eval,evec) := Modelica.Math.Matrices.eigenValues(R);

>> eval

{{-10000.00533773919,0.0}, {-74.99580555637228,0.0},
{-15.08153495328523,13.52584213951183},
{-15.08153495328523,-13.52584213951183}, {-21.14153141173751,0.0},
{0.3517533998504108,8.065680593139614},
{0.3517533998504108,-8.065680593139614}, {-1.790937600317604,0.0},
{-1.0,0.0}}

>> |
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Linearization

Example 1 — Linearization using OMShell

* |t can be seen that the pair of conjugate poles exists on the right side of
the stability plane and thus, the behavior of the system is unstable

™ OMShell - OpenModelica Shell

File Edit Help

- - EN

>> (eval,evec)
>> eval

{-15.08153495328523,13.52584213951183},
{-15,08153405328523,-13,525842139511831

0.008333333333333333, 0, 0, -2.972830759738499,
33.33333333333334, -0.01453726466937866,
7.931326599823655e-016; -0, -0, -0, -0.1593501250378111,
1.54270011423793e-017, 4.717941345471374e-034,
-0.17302030860439, 2.642981073634172e-017];

{0.3517533998504108,8.065680593139614},

{0.3517533998504108,-8.065680593139614},

{-1.0,0.0}}

>> |

-36.84735278837885,

:= Modelica.Math.Matrices.eigenValues (A) ;

{{-10000.00533773919,0.0}, {-74.99580555637228,0.0},

{-21.14153141173751,0.0},

{-1.790937600317604,0.0},

7.931326599823655e-016,

0.06000759106859681,

A
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Example 2

B B2 B3
—
0.0
%9 B
0.0 0.0 0.0
0.0 0.0 EI 0.0

* In the Example 1, it was shown that the system was unstable with a pair
of poles on the right side of the stability plane

* In the Example 2, Power System Stabilizer (PSS) will be added to the
generator in order to stabilize the system
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Example 2

« The work on Example 2 should continue with the files prepared in a
package Tutorial. Working_Examples.Example 2

L
ul Pl OpenlPsL

[E] Examples

P Electrical
+
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Example 2

Generator model — Step 1

* The first step is to add the model of the PSS Type Il and the summation
block to the model of the generator

Hectrical .Controls PSATPSS.PSSTypel 1
4 A\

vf0 w

|
Order VI delta[>>
>—»vf
»opss P P - /ﬂ\ v

>
) e
>

A ]

™ machine 0
pm0
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Example 2

Generator model — Step 1

« The internal control structure of the PSS can be accessed by right-
clicking on the PSS block and selecting “View Class”

VSI derivative imLeadLag imLeadLag1 limiter

1+sT, 1+sT, *
> K b K— >
1+sT, 1+sT,

k=Kw * Tw uMax=vsmax
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Example 2

Generator — Step 1
PSS should be parameterized as shown in the table

PSS
Hectrical .Controls PSATPSS.PSSTypel I
’ A w
avr N Order VI deltal>
KW 9 . 5 T3 1 ’ pss b > v /’——“‘H\ v >
AW, m—
T, (141 | T, |1 T~
W machine o[>
pm0
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Example 2

Generator — Step 2

« When the signals of the generator model are connected as shown,
model of the generator is completed

v A

vf0 w

v s Order VI deltal>
—P /—-—\\ )

Q’ s

% P>

>

™ machine q
pm0

>
T
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Example 2

Simulation

« Simulation steps can be repeated as it was shown in the Example 1

* This time, reference simulation results from the PSAT can be found in
the file “PSAT _dyn_ PSS.csv”

o After the simulation is executed, variable browser should look as it is
shown below

Variables Browser g x
’Find Variables ‘

I:] Case Sensitive Regular Expression v
Expand All Collapse All
£
Variables Value Unit [

& PSAT_dyn.csv

PSAT_dyn_PSS.csy
“ @ PowerSystems....e_1.Example_1
=2 PowerSystems....e_2.Example_

OPENIPSL TUTORIAL 2017-04-19




Example 2

Simulation
« Simulation results can be plotted again

« Comparison of the PSAT and Modelica simulation results of the PSS
signal is shown on the figure below

—g e

0.2
0.154

|

0.054
O,J

-0.051

-0.14

-0.15-
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Linearization

« To linearize the system, OpenModelica scripting will be needed

File Edit View Simulation FMI Export Debug |Tools| Help

i — B OpenModelica Compiler CLI <4
JeBE o &,

. B OpenModelica Command Prompt
Libraries Browser

|

« Along with the library, a set of commands was provided
(Command_List.txt) to linearize the model and extract the A matrix

a8 OMShell - OpenModelica Shell - 0

File Edit Help

OMShell 1.1 Copyright Open Source Modelica C
Distributed under OMSC-PL and GPL, se

onsortium (OSMC) 2002-2015
e www.openmodelica.org
Connected to OpenModelica v1.9.3

To get help on using OMShell and OpenModelica, type "help ()" and press enter.

>>
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Example 1

Linearization

« Copy and paste each line from the Command_ List.txt for Example 1 to

the command prompt in OpenModelica
# Example 2

Tinearize(Tutorial.Example_2.Example_2,stopTime=0.0)
ToadFile("1linear_Tutorial.Example_2.Example_2.mo")

(a) := getParametervalue(linear_Tutorial_Example__2_Example__2,"A")
(eval,evec) := Modelica.Math.Matrices.eigenvalues(A);

package.mo", false,2,1,8207,13,{},false, false,"3.2.2","info", false)

1l |»

getClassNames (Modelica, true,true, false,false, true)
4

»

| || send ’H

\ 4
—
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Linearization
* The rest of the steps shall be repeated as it was shown in Example 1

« The same procedure with a linearized system from Example 2 results in
the new set of eigenvalues

[ OMShell - OpenModelica Shell - 0

File Edit Help

{6.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,287.8787878787879,-287.8787878787879,-30. ~
3030303030303}}

>> (eval,evec) := Modelica.Math.Matrices.eigenValues (A7) ;

>> eval

{{-10000.00655974829,0.0}, {-75.24046822751698,0.0},
{-35.9505979346845,0.0}, {-9.806718217047422,17.110013358960811},
{-9.806718217047422,-17.11001335896081}, {-21.49451681108508,0.0},
-1.800161321638047,7.22941623349677},
-1.800161321638047,-7.22941623349677}, {-1.76091233067422,0.0},
-0.7386114460388392,0.0},{-1.0,0.0}}

-

>>
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Example 2

Linearization

« The conjugate pair of poles that was on the right side of the plane in
Example 1 was, by introducing the PSS, moved to the left side of the
stability plane and, thus, the system is now stable

= OMShell - OpenModelica Shell - b
File Edit Help

{6.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,287.8787878787879,-287.8787878787879,-30.
3030303030303}1}

>> (eval,evec) := Modelica.Math.Matrices.eigenValues (A):;

>> eval

{{-10000.00655974829,0.0},{-75.24046822751698,0.0},
{-35.9505979346845,0.0}, {-9.806718217047422,17.11001335896081},
=9 _804718217047422 —17 11001335304081},{-21.49451681108508,0.0},

{-1.800161321638047,7.22941623349677},
{-1.800161321638047,-7.22941623349677}} {-1.76091233067422,0.0},

{-0.7386114460388392,0.0},{-1.0,0.0}}

>>
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4 Example 3
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System Data

Systerm Base: 100 MVA

Frequency: 60 Hz=
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Example 3

Example 3 contains the model of the IEEE 9 Bus system

It is pre-configured with all of the power flow and dynamic data

In the previous two examples, you learned how to build the models of the
power system, introduce the faults, run the dynamic simulations and
perform the linearization of the model

In Example 3 you are free to explore the model and introduce various
faults
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Example 3

* You can, for instance, introduce the bus fault ...
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*Model of the line with opening is OpenlPSL.Electrical.Branches.PwLine20penings
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82 Example 3

« Step disturbance to the voltage reference of the generators can be
introduced by setting the desired refdisturb x parameterto true

qzi OMEdit - Component Parameters - gen1 in iPSLExamples.Exa.. X

Parameters

General Modifiers

Component

Name: genl

Path: iPSL.Examples.Example_3.Generation_Groups.Gen1
AVR Disturbance

height 1 [0.05 |

tstart 12
refdisturb_1 \true v\

Power flow data

vb [18 | Basevoltage of the bus (KV)
Ay 1025 | Voltage magnitude (pu)
angle_0 Voltage angle (deg)

PO Active power (MW)

Qo0 0.001552891584958 Reactive power (MVAr)
S b |:| System base power (MVA)
fu [ebeein | System Frequency (H)
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Questions?

Thanks to all current and former OpenlPSL Developers @ KTH

— [
Luigi Vanfretti Achour Mohammed Francisco Jos¢  Giusseppe Tin Rabuzin
Amazouz Ahsan Adib Murad Goémez Laera

Maxime
Baudette Bogodorova Mussons

Tetiana Joan Russifiol

Join us!
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