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The Need for Models in Power Systems AI—S-E-IHF

Models have always been created for power systems.
o Itis a way to study each device and how many
devices behave when interconnected.
e Networks increased in size and in complexity of
devices. Toronto Skyline
o  Tools were adapted and enhanced!
e Simulation tools should provide means of anticipate

\ugust 11, 2003
NorthEastern Blackout

\ffected Region

. . . - :):I \\li“i“ll PQ"UI)IP
any failures and tips to improve the current power -4 Billion Lost in
Lconomie Activity
SyStem' - GLOOO NW interrupted
o  Failure to anticipate events may result in huge a, | i/
COStS' Before X ) 8 Aften

e Many examples of such events can be found in the
last 20 years:

o WECC 1996 Break-up, European Blackout (4-Nov.-2006),
London (28-Aug-2003), Italy (28-Sep.-2003), Denmark/Sweden
(23-Sep.-2003)
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Multiple Time-scales for Power System Models AJ—S-E-IELV

The models are simplified further by neglecting
most dynamics (replacing most differential
equations by algebraic equations).

(Ad-hoc DAE solvers)

Electromechanical

Transients /

‘ B B f [ [ \ Quasi-Steady State

|
[ Electromagnetic Transients ] [ + =
Generally there are no discrete events. R IS A I A AT
| Pt (Ad-hoc DAE solvers) =)
| L) }
The presence of large fime constants and small time 1‘0_3 1 1‘03 10°
constants and large amount of discrete switches. Models are simplified (averaged) to allow for
Difficult to simulate very large networks (in the past?) simulation of very large networks.
Ad-hoc solvers have been developed to reduce
This is usually deal with by discretizing the simulation time, but usually the *model” is
model and fo solve it using discrete “interlaced” with the solver (inline integration)
solvers.
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Multiple Time-scales for Power System Models A&WF

| Electromechanical
} Transients

Dynamics

— # Quasi-Steady State

|

[ Electrommagnetic Transients

Positive Sequence / RMS / or
Phasor Time-Domain Simulation
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Modelica and Power Systems ALSE%F

) . (1) Strategy do not impose the use of a
« There are many previous and related efforts to create Modelica specific simulation environment (software tool),
tools to study power systems. MSIEEE)

Studies have published the challenges of dealing with large power

networks using Modelica. (2) Propose

o Issue that might be circumvented in near future. a common human and .
. . . computer-readable mathematical
* Available libraries: “description”: use of Modelica for
o SPOT and PowerSystems. unambiguous model exchange.

o  ObjectStab.

o iPSL (iTesla Power System Library). (3) Decrease of avoidance forces
=  OpenlPSL takes iPSL as a starting point and moves it

. SW-to-SW  validation gives quantitatively an
forward! similar answer than domain specific tools.

. Accuracy (w.rt. to de facto tools) more
important than performance

A never-ending effort!

The library has served to bridge the gap
between the Modelica and power systems
community by:

Addressing resistance to change

Interacting with both communities
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OpenlPSL - Key features

OpenlPSL is an open-source Modelica library for
power systems that:
e Contains a set of power system

components for phasor time domain

modeling and simulation of power systems.
e Models have been verified against a

number of reference tools (PSS/E, PSAT).

OpenlIPSL enables:
e Unambiguous model exchange.

e Formal mathematical description of models

e Separation of models from tools/IDEs and
solvers.

e Use of object-oriented paradigms.
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OpenlPSL - Wind Turbine Example ALSE'IEF

v Y¥ OpeniPSL
» [ | Examples v Wind 4> Lo om0
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» Branches v PSSE
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.RealOutput Ip LVACL =;
.RealInput Vt =;
.Reallnput Ip LVPL =;

-\J

w

Ip_LVACL i E
Ip_LVPL > Modelica.Blocks
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» Essentials [
» Sensors
l ] SystemBase o, D c N
v NonElectrical Ip LVACL = Ip LVPL * 1.25 * Vt;
» Logical
» Continuous
» Nonlinear

» Functions " end LVACL;
» Connectors

L

end if;

=
;
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OpenIPSL - Small Network Example

AJ_SE'IL_OJJ_

ATV v ‘).{ OpenlPSL v [ Wind

v ‘Ag‘ Examples v [p | PSSE

4 —— > ’ Machines V ;7 WT4G

P WT4G1

Class Connections

equation
connect (wT4Gl.p, GEN.p) °;
connect (GEN.p, pwlLine2.p) °;
connect (pwLine2.n, BUSl.p) °;
connect (BUSl.p, pwline.p) °;
connect (pwlLinel.p, pwLine.p) °;
connect (pwFault.p, BUSl.p) °;

4 connect (pwlLine.n, INF.p) °;
T connect (pwLinel.n, INF.p) °;
ik connect (INF.p, gENCLS2 1.p) °;

2 connect (wT4E1 1.WIQCMD, wT4Gl.I gcmd)
£ connect (WT4E1l 1.WIPCMD, wT4Gl.I pcmd)
connect (wT4Gl.P, wT4El 1.P) °;
connect (wT4G1.V, wT4El 1.V) °;
connect (wT4G1l.Q, wT4El 1.Q) °;

end WT4Gl WT4El;

Resulting Parameter Declaration

model WT4Gl WT4EL
extends Modelica.Icons.Example;
constant Real pi=Modelica.Constants.pi;
parameter Real V1=1.00000;
parameter Real Al=-1.570655e-005;

Resulting Class Instantiation

OpenIPSL.Electrical.Branches.PwLine pwLine2 (
G=0,
B=0,
R=2.50000E-3,
X=2.50000E-3) °;
OpenIPSL.Electrical .Wind.PSSE.WT4G.WT4G1l wT4G1 (
V_0=V3,
angle_ 0=A3, —wT4G1.v*
M b=100, 14
P_0=P3, r» 1.0

Q_ 0=Q3, 1.0
T _IQCmd=0.02,
T IPCmd=0.02,
V_LVPL1=0.4, S
V_LVPL2=0.9,

G LVBL=1.11; o2
V_HVRCR=1.2,

CUR_HVRCR=2, 0.1-]
RIp LVPL=2, o0
T LVPL=0.02) °; 27

~ 0.8
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OpenlIPSL - Application examples AJS-E%F

.gitattributes [ _Tutorial >
.gitignore B AKD >
.travis.yml 9 IEEE®9 >

B iEEE 14 >
Bm ci » [ KundursmiB >
o copyrightStatement.htmi [ N4a4g >
B LICENSE [ NamsskoganGrid_Norway *»
" LICENSE.txt [[W PSAT_Systems >
[ OpenIPSL » [7] SevenBus >
README.md [ TwoAreas >

Namsskogan Distribution Network

System Data
System Base: 100 MVA
Frequency: 60 Hz

Currently outside the library package but soon to be integrated into the main branch!
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OpenlIPSL - Large system example ALS.E'IEF

+ 3§ OpeaiPsL =
'5'?.‘“3% But is it possible to simulate large systems in Modelica using
" s the OpenlPSL? YES!
" Pose
» BaseClasses
-} . .
= oy Simulation depends on the tool, not the model.
= o You can simulate the model in many different Modelica
o tools (facilitates competition between software tools!)
» PSAT g
4~ e Dymola 2019FDO02 has shown to be competitive to
» OEL
:§§s PSS/E as reported in the following paper:
{3 PSS2A
() Pss28
:_. z:::A DAE Solvers for Large-Scale Hybrid Models
¢+ STABNI
{=) EEEST
£33 eeast DAE Solvers for Large-Scale Hybrid Models
11 8TBSVC
v g‘:cm:.mss Erik Henningsson'  Hans Olsson'  Luigi Vanfretti®
: "S:: 'Dassault Systemes AB, Lund, Sweden, {Erik.Henning Table 1. CPU-times for the three Nordic 44 fault scenarios
4 5;:;';;, Rensselaer Polytechnic Institute, Troy, NY, U
Essentials Fault Rkfix2 Dassl
S."':: o, ODE mode ODE mode DAE mode
NonElectrical Line 587s 2015 421s
P Bus3100  270s 78105 33.7s
» Nonlinear Bus 5603 3445 49 800s 121s
-
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Hybrid Simulation

Positive-Sequence/ Three-Phase Hybrid Interface
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Multi-domain Simulation ALSET] 0

Multidomain Pmech GGOV1Turb. Pmech
07520
0.7515 -
' Mechanical
0.7510
»—E Power |
0.7505 ’ ‘
; rHﬁ e i
07500 ; ;JL -,LWW, e —@—
0.7495 - | (Y
| i ,
O OpenlIPSL 07480 .
Q OﬁenIPSL . Power system model - under estimates the
O ThermoPower e mechanical turbine power response.
' omso+— e  Controls/protections are designed to
~— control these variables.

+20ES

2 A
[ +1.0E-5 A8 %
F o

.

+5 066} i ey "
equation et WY
omega e = der(shaft.phi)*Np:
SPEED = omega e/ (100*pi) - 1:
PMECH = der (shaft.phi)*shaft.tau/ (S_b*le6); i "I d 750 175
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Training Data Generation for ML-based Application

Probability Distribution Function

OpenlPSL models are used to generate
a large number of scenarios.
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Extremum Seeking Control iA\-LS-E-'_b@F

[ Extremum Seeking Controller ]

OpenlPSL leveraged to develop and test an Extremum
Seeking Modelica Library for DER control R —
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Experiment Results
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Continuous Integration / Model Validation ALS.E-'HF

Developer

P 3

e In order to maintain and further develop the B
OpenlIPSL library we need to create a system to 5 ¢ Modelica Model s |
check and store the library. Sy Eirors ﬁ -

e Store: in order to store, we created a Github [ o -
repository. It is public for anyone to | v
see/clone/access. - @ Simaton

e Check: in order to check if the models are the = _ay l
same linear regression will be performed in il sl
order to see if they are within tolerance. cC,mpm: - oy

e The process we use is... Y

Fail

Pass

\e< T
Y
Succesful
Test
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Continuous Integration / Model Validation AJ—S-E%F

Step 1 Developer
The developer (anyone) L
creates the OpenlPSL model P ©
—P> Modelica Model Reference Model
based on a reference model
and uploads it into our GitHub Display Errors “mo “raw
page.
| e e_
Y
<’>
Pass
=0 | .
Model Reference
Simulation Traces
Modelica Model can be developed in any y
. Compute Metric [« *.csv
Modelica software: ;
e Dymola o
e OpenModelica
e System Modeler F—
[ )

etC - Succesful
Test
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Continuous Integration / Model Validation AJ—S-E%V

Ste p 2 Developer

P 3

PN

Modelica Model Reference Model

Tests are performed on both Plaplay e "mo “raw
models for comparison. i - O
Check Simulation

Model Reference
Simulation Traces
Tests performed: "
Compute Metric [« *.csv
e Faults. ’ -
e |oad Variation o

e Reference steps in exciters.

Pass

Succesful
Test
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Continuous Integration / Model Validation AJ—S-E%V

Ste p 3 Developer

From selected signals, both L
signals will be compared and ™ o
. . . Modelica Model eference Model
linear regression will be A
performed in order to see if Display Errors “me e
they are the same within [
tolerance. o | 24
ek eternce
GENROU.gENROU.delta Vr a l
Base fo compars vt Model Reference
= Simulation Traces
Y
' Compute Metric [« *.csv
Y
% ’ = 8 e<7T
fipnm—

Succesful
Test
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Continuous Integration / Model Validation AJ—S-E%F

Ste p 4 Developer

P 3

The developer (anyone)
creates the OpenlPSL model | <

based on a reference model
and Up|OadS |t |nt0 our GltHUb  * Display Errors *.mo *.raw

page.
—© (2]
Y
o—<'> e
Pass
— O l
Model Reference
Simulation Traces
Administrators get notified and the developer -
. i . . . Compute Metric [« *.csv
is notified in order to fix errors/improve the p*
model. -,

Pass

Succesful
Test
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Continuous Integration / Model Validation AJ—S-E%F

Step 5 Developer
If the signals are within g L
tolerance for all the tests then _ P @
the model can be uploaded to . Reterence Mol

the repository.

Display Errors *.mo *.raw

| e o
Y
iﬁ <’>
Pass
~o | |
Model Reference
Simulation Traces
This process has been optimized by using Y
. . . . . . Compute Metric [« *.csv
Travis Continuous integration tool. Meaning if -
and only if the model’s signals are within o

e<7T

tolerance the new model will be added to the
repository.

Pass

Succesful
Test
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ngm = = . <Power_System_Model_Root_Folder>
Initializing OpenIPSL Models with Python .
ackage.mo
zactaze order
e A power flow solution is a cornerstone for any Sl
power system analysis. —E
e Several open-source and commercial | hiiispi
alternatives exist to generate power flow il
SOI Uti o n S . Bus_Data Loads_Data
e We intend to use a Python open-source library N e
(GridCal) for power flow computation. B tosee oo 2o
o ltis fully compatible with commercial tools
such as PSS/E. — BN
o Automate it to generate power flow results Hewaie - e
for initializing dynamic simulations in ' '
Modelica.
. Created by create_pf_records
.mo file GridCal . Created by gridcal2rec
containing the Sggerre[:clc?rvc: Power
Mo?re‘egc;ggge % —»| create_pf records p——>» SChe Rﬂgm’[ Foud bow i
P embedded into : written into the
(baée(é rl:lpF?thhe the Modelica S— gridcalarec data subfolder of
lFi)brary) model —> the Modelica
GridCal model
grid
object
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OpenlPSL - Where to find it? ALSET] ™

Y ’..«'f-' 4] SoftwareX
'_"-"a‘"j Voiume 7, Jamuary-June 2018, Pages 34-36

OpenliPSL: Open-instance Power System Library — Update
1.5 to "iTesla Power Systems Library (iPSL): A Modelica library
for phasor time-domain simulations”

The OpenlPSL can be found online

* hitp://openipsl.org
Our work on OpenlPSL has been published in the
SoftwareX Journal:

e https://doi.org/10.1016/j.s0ftx.2018.01.002

oo Seudet® B, Masosio Castro”, Tin Ruburie®, Jen Lavenius®, ToSiens Bogodorove, Luig
—
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