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« About Me (Luigi)
My Research.
« Recruiting for: ALSETLab

« Part 1: (Luigi Vanfretti)

¢« Infroduction:

= Modeling and Simulation Generalities
and Modelica

« The OpenlPSL
« Recent developments

« Part 2: (Phillip Top)

« Applications of the OpenlPSL library
and the FMI in

= GRIDDYN
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« Latter today: Tutorial: (Me + You!)
« Hands-on-Tutorial:
= Overview of the OpenlPSL library

= Overview of the OpenModelica
environment

= Hans-on-Example

= Do the "preparatory work™ so
that everything is ready to go in
your computerl!




About Me - http://ALSETLab.com - Dr. Luigl!

2010-2017, KTH Royal Inst. Of Tech.,
Stockholm, Sweden

YOB. EOOO B éOOST' icql P 2006 — 2009 2010: Associate Professor
1981 - year tlecinca OWecr@ MSc and PhD @ RPI 2012: Docent (Habilitation)
Guatemalg tn9ineernngprogram 2013: Associate Professor (‘tenured’)
Universidad de San
Carlos de Guatemala. 2010 2011 = 2017, SmarTs Lab. Research

-l . J 1 /!l Rensselaer

Intern at INDE (National Scientific Advisor B

Electrification Institute), e (Consultant) 2011 : 2016 . 2016 - 2017
! : ) Visiting Researcher Special Advisor Consultant.

Substations Engineering @ The University of R&D Division

Glasgow, Scotland

All @ Statnett SF, Oslo, Norway
(Power System Operator)

Other facts and numbers:

- Guatemalan and Italian Citizenships.

- Speak/write Spanish (native), English, Italian (spoken, poorly written), Norwegian (Basic)

- 36 years, married (March 4t, 2017) - no kids yet... but really want a dog!

- Close family, brother and wife, live in Woodstock, NY; run Dolce Caffe in Kingston’s Historical Roundout
- Lived in 4 countries, worked in 5...
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My Research — Cyber-Physical Power Systems

Model-and-Measurement-Based Systems Engineering of Power System and Synchrophasor Technologies

User Cases and

) System Performoné, '
Requirements

(deployment and

_T_., User P Operational
o/ L N Reqﬂg?jﬁ s & Testing Against Use Cases SEET
T AN
"7 % e Verification ’/
B verall System
‘ Models (incl. IS Ee]
Systems

A
v

grid) Subsystem

Integration & Tests

N\ /

=1

Design & Specifications D (hardware-in-the-loop
A X esting with other elements . . .
(physical modeling and Device Models and within the environment Subsystems real-time simulation)
off-line simulation)
FHQ [ ot =l e o
[ _ ‘ Component Testing Components w
| Fesdback | Design Models < > (SW, HW, DOTO) H
Implementation & - Implementation &
3 < Testing

Rapid Prototyping

(software-in-the-loop

Unit Design
Models

real-time simulation)
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Implementation
(Production Code
Generation)

Testing each component
inisolation and
with other elements

Unifs
(SW, HW, Data) o

(hardware-in-the-loop
real-time simulation)



Recruiting @ ALSETLab

* I'm looking for graduate students to join my team!
* If you know someone that would be interested, please tell them to

check

my website

o See: http://ALSETLab.com

ALSETLab Home

ALSETLab

Prof. Luigi Vanfretti's
research group and lab.
working on cyber-physical
power system modeling and
simulation, stability and
control.

Q@ Troy, NY
Q RPI

ECURENT

Contact/CV Teaching Students/Supervision Research Software

Students / Supervision
Current/Former Students and Lab Members

e Please follow this link to the Lab’s team roster: Lab Roster!

e Do you want to be part of the team?; please read on below!

Available Positions / Prospective Students

e Please read the text below.

e You can find currently available positions here

Do you want to work in my team (ALSETLa

ALSETLab Home

ALSETLab

Prof. Luigi Vanfretti's
search group and lab.
rking on cyber-physical
power system modeling and
simulation, stability and
control.

Q Troy, NY

9 RPI

Email
Twitter

Google+

Contact/CV Teaching Students/Supervision Research Software Publications

Recruiting
Available Positions: Fall 2017

e Visitors: get in touch with me personally. You are welcome to visit for a period of at
least one semester (if you hold a PhD) or one year (if you do not have a PhD), and
under your own funding. | do not have funds to support your visit.

e Post-docs: no positions available.

o Undergrads: if you are an undergrad at RPI and you want to work with me doing
research, just get in touch with me personally to book a meeting!

MSC/PhD Positions

e | am looking for MSc/PhD students to join ALSETLab @RPI for Spring and Fall 2018.
e Positions for 4 students, fully funded by the ECSE department.

e Tuition + stipend from ECSE department.


http://alsetlab.com/

New Course! Spring 2018 - CPS Modeling, Simulation and Analysis

Understand cyber-physical systems and
/77 how to model them.

MODELICA « Lean about standardized modeling
languages and compliant tools

« Learn and become proficient with the
Modelica language

« Learn and apply model-based systems
The sketch the Arduino PID Library fi englneerlng Concepts and tOO|S (UML1

"UBISU0D

https://github_com/br3ttb/Arduino-PID-Library/. S M L M P RT
See README.html for more information on how yS u S I n g apyr u S
to use external libraries

« Apply identification, control and
optimization techniques to CPS systems

™"« Apply its use for analysis of:
Power systems

02

Actuator

:
—

Energy efficient building automation
Multi-domain energy systems

Lo % Cyber-physical systems design and
=y analysis
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CENTER FOR ULTRA-WIDE-AREA RESILIENT
ELECTRIC ENERGY TRANSMISSION NETWORKS

Modeling and Simulation of Electrical Power Systems using
OpenlPSL.org and OpenModelica.org

Part 1: Introduction

Prof. Luigi Vanfiretti

Rensselaer Polytechnic Institute, ECSE, Troy, NY
Web: ALSETLab.com

Email: vanfri@rpi.edu luigi.vanfretti@gmail.com
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http://openipsl.org/
http://openmodelica.org/
http://alsetlab.com/
mailto:vanfrl@rpi.edu
mailto:luigi.vanfretti@gmail.com

Outline

. . e
o The role of models and simulation VLY S e
= Generalities e \6

= |n power electrical systems
o Modelica and power systems
o The OpenlPSL Project

o The OpenlPSL Library

o Confinuous Integration

o On-going developments

ECURENT



A Fundamental Question: Why do we develop models and perform simulations?

« Toreduce the lifetime cost of a
system

« In requirements: trrade-off studies

¢ In test and design: fewer proto-
types

» The prospective pilot sat in the top
section of this device and was required « In training: avoid accidents
to line up a reference bar with the
horizon. 1910. . o
« More than half the pilots who died in In operation: anticipate problems!

WW 1 were killed in training. = Crucial for electrical power systemsl!

ECurRENT



A to Anticipate - Huge Costs!

There are many examples of failures to anticipate problems in power system operation!

\ugust 11, 2003
NorthEastern Blackout

Toronto Sk‘\'lillt‘

DA
& '-",;‘
\ITected Region

- :b:) “i“iun PH«)';'H
-4 Billion Lost

Lconomie Aetivity
- GLOOO MW interrupted

Before

Others: WECC 1996 Break-up, European Blackout (4-Nov.-2006), London (28-Aug-2003), Italy (28-Sep.-2003), Denmark/Sweden (23-Sep.-2003)

ECURENT ;



The Multiple Roles of Modeling and Simulation in building:
Complex Cyber-Physical ”"Systems-of-Systems”

Simulating

Success‘

How do modeling and simulation Crr—ry—y

activities, capabilities benefit Boeing? <

Let us count the ways—9 of them

By Dener Amal
mwmmmbelhbm‘glwmhm

0 navigating intricate, variablc-laden scenarios, or combat
situations involving complex military mancuvers using cxpensive
W‘mm— training” oﬁmumuw\deu

s why Boeing Integrated Defense
Airplanes and Phantom ntbmm-m&vmayolmdd-
m.lndnmhmxuw!nhlumdwwmd:mmm

to internal across the i ind to
alulu.lcunolnenu well.
“There is a tremendous amount of diversity in modeling and - -
simulation being worked on at Bocing, U.S. Navy legacy platform and deliver a compre-
operations.

encompassing very complex
issues within a very broad spectrum,” said Ron Fuchs, director of
Moﬂ:lmlmd&mdmmfnrlDS “Right now there are more than

Boeing analysts have a variety of tools available—or under de-
velopment—that can demonstrate concepts and provide significant
cost savings by exploring ideas, developing systems, testing and
manufacturing within a virtual environment before committing to
specific approaches.

ECURENT

hensive and credible concept of

Product or system
testing
Models and simulations are used to test
M&S used to test 3
prototypes in variety of
environments. P

NETWOIREU COMPUTET SYSUEITs i Uie ru Sys-
tem of systems will be tested in a large-scale distributed simulation facility
called the FCS System of Systems Integration Lab. The SoSIL provides a

Training systems
and maintenance

M&S are used to train users in
the operational environment —
enhancing learning.
Simulation costs 1/10 of
running actual scenarios.

Network communications

Tactical military communications networks—such as Joint
Tar’

st Scale of networks: cost-

ne prohibitive or technically

: impossible for field tests.

M&S used to test and
o validate networking
protocols in laboratory -
environment acting as a test
bed.

S - 2

T
acts as a distributed virtual
test bed, and the Boeing
Transformational Communi-
cations Laboratory in

El Segundo, Calif., performs
a similar function for satellite
communications.

Large Number of Vendors for the Final System

787 structure suppliers
=] . = o =
Hawker de Kawasaki Onex Corporation:  Kawasaki  Onex Corporation:
Havilland: Heavy Fixed and movable  Heavy Forward fuselage,
Movable Industries: leading edges, Industries:  Flight deck
“ trailing edges leed trailing  Engine pylons. Main landing
Shenyang gear well
Aircraft [ =
E.‘""' Ltd: Goodrich:
in leading \ Macellgs
edge
Boeing = | Massier-Dowty:
fabrication, Landing gear
Fin structures
Boeing =——
[~ | fabrication:
Chengdu Alrcraft Wingelobody
Industrial Group: fairing
Rudder 1 Hafel Aviation
- Fuji Heavy Industry:
=I I Industries: Wingrle-body
- Global Center wing box fairing
-— a.!dfﬂl:‘umi Kawasaki Heavy components
To @ ang rear Industries: Rolls-Royce
Industrias: fuselage, Main anding gear | @ | SSfes pons-Ro
Composites herizantal well Mitsublishi -
a stabilizers Heavy [ = gn-m_wal Electric:
. =—Engnes
Industries:
*Fairing is used ba reduce Wing box

drag and imprave appearance
\ e |

Boelng Commercial Alrplanes:
Final assemily

Saurce! The Boeing Ca.

A Flying Micro-Grid!

Electric Power Generation & Start System (EPGSS)

Auxilary Staner
Generator (ASG) (2)

ox ® ° -

Variable Frequency
oo Starter Generator Common Motor
Seal plate (2) (VFSG) (4) Stant Controlier
QAD adagter (4) (CMSC) (8)
Bus Power Generator vervotage
ControlUnt  ControlUni  Transient Protection Sofware
BPCY) (2) (GCU)6)  Unkt (OVTPU) (4) eoss
cmsc
Installed in power panels oo

11



The Multiple Roles of Modeling and Simulation to develop
Cyber-Physical Power Systems (aka ‘smart grids’)

Conceptual Application for the Development of a WT Synchro phasor-Based Controller

User Cases and ® L g[‘! .,
Requirements &J N System Performan

. . (deployment and
(HLA Design using UML Spec and CIM)

Validation _ demonstration)
_L User _ Operational
alk e Requirements & h - : System
o o % Models Testing Against Use Cases

Are today’s power system modeling and simulation approaches/tools fit to meet the

challenges of the cyber-physical world?

off-line simulation) L ] | |
_ _ ‘ Component Testing Components
. == Design Models < > (SW, HW, Data) .

Implementation & ) Implemen’r?hop &
Rapid Prototypin 3 c esting

P ‘ yprIing Unit Design Testing each component Units (hardware-in-the-loop
(software-in-the-loop e in isolation and (SW, HW, Data) - real-time simulation)
real-time simulation) with gther elements

Implementation
(Production Code
ECURENT Seneration)

12



Falling in love with a model
The Pygmalion effect (forgetting that model
Is not the real world)
From the Greek myth of Pygmalion, a sculptor who
fell in love with a statue he had carved.
Forcing reality into the constraints of a
model
The Procrustes effect (e.g. economic
theories)

Procrus’res: "the stretcher [who hammers out the
metal]”, a rogue smith from Attica that physically
attacked people by cutting/stretching their legs,
so as to force them to fit the size of an iron bed.

A Procrustean bed is an arbitrary standard to which
exact conformity is forced.
Forgetting the model’s level of accuracy
Simplifying assumpftions forgoften more than
yesterday’s pudding...

ECURENT

5 Wlane
2w -'J'n'-’.”liflf_df.f.’d"\



Power system dynamics challenges for simulation Generally there are no discrefe events.
. : (Ad-hoc DAE solvers)
the tyranny of multiple time-scales

| | | (Models are simplified (averaged) To\
m . . allow for simulation of very large
Electromechanical Transients

networks.
Ad-hoc solvers have been developed

to reduce simulation time, but usually
the “model” is “interlaced” with the
solver (inline intfegration)

AN J

SubSynchronous Resonances, transformer
energizations...

[ Quasi-Steady State ]
Dynamics

\.

Transient stabijlity

( N

Electromagnetic Transients )
1 l l l Long term dynamics

The presence of large time This is usually deal with by
constants and small time discretizing the model and to Daily load following

constants and large amount of solve it using discrete solvers. .

cppe dlscre.fe switches. ! ! ! ! (Ad-hoc DAE solvers)
Difficult to simulate very large 04 103 102 101 1 10 102 103 l )
networks (in the past?) seconds N

\ The models are simplified further by neglecting
CLIRENT most dynamics (replacing most differential

equations by algebraic equations).




Power System Phenomena Modeled and Discussed from this point on:
power system electromechanical dynamics

| | |
m [ Electromechanical Transients

;[ Quasi-Steady State ]
Dynamics

SubSynchronous Resonances, transformer
eriergizations...

( N

Electromagnetic Transients |

_q

Positive Sequence / RMS / or
Phasor Time-Domain Daily load following
Simulation
>

I [ [ [ [ I I
107 10® 10 104 103 1072 101 1 10 102 103 104

seconds

ECURENT §




Electromechanical Dynamics in the Western US (1996)

« What was measured: « What was simulated:
1 — mzzzr’s:sssszznse B ef ore
05 ’ ﬂ Model
s 0 | Calibration

sy 00 - Observed COI Pow er (Dittmer Control Center)

EEfEgggt
-

4600 [~ Simulated COIl Pow er (initial WSCC base case)

After Model |l ™o

Calibration

Tme n Seconds

‘ Electromechanical dynamic modeling help to capture "wide-area” behavior across

geographical sparse interconnected networks such as these type of oscillations.
‘ Good models are crucial for planning and operation of electrical power networks.

16




Power Systems General DAE Model

)k:f(x,y,n,ii,t),
Ozg(x,y,n,ﬁ,t).

P

— isthe vector of state variables, X = %;—

is the vector of algebraic variables,y — gf

—_ g M
|

— is the vector of parameters, from discarding ¢ and letting gs — 1

P

— is the vector of discrete variables.

u
f() - are the differential equations, f() E.@;— ()
g() — are the algebraic equations, g() E,(,E?f ()

@DURENT [Ref.] F. Milano, Power System Modeling and Scripting, Springer, 2010. 17



Finding the "Power Flow” Steady State "Equilibria”

e The power system needs to be in balance, i.e. after a disturbance it must converge to an
equilibrium (operation point).
- Q: How can we find this equilibrium?
- A: Set derivatives to zero and solve for all unknown variables!

O:f(x,y,n,ii,r),
0=g(x,y.n.07).

e Some observations that can be made:

The algebraic equations in corresponded to having the fast differential equations at equilibrium all the
time (in the model and in the timescale considered).

Finding the equilibrium when most of the variables are unknown is very difficult if when we try to solve this
equation system simultaneously.

NB: power system tools do not generally do this!
Hence, we attempt to sequentially solve the equation system for each t.

- First, we need to solve the algebraic equations £ that only depend on the
algebraic variables... this is were power systems deviates from other fields.

GourRENT

VX, x,)

Modelica

attempt to solve this problem

18



Power System Modeling and Simulation Approach

e Equation set g is separated in two sets of

lqebrai fi : v — r AW (Eaneramr]
algebraic equations X f(X,},T],“): } (1) L (2.)

Tytem erid
/"m =l - :

0=g,(y.nu)} (2) — il

(1) Is the part which governs how dynamic models will evolve, sinc —| | "..." | T 1

Pacnn i et e Ivhocks

both x and vy, e.g. generators and their control systems. 1
(2) Is the network model, consisting of fransmission lines and other passive components

which only depends on algebraic variables, y.

Starting from a solution of (2) only, equations (1) are solved at equilibrium
individually; to compute the starting guess of an ad-hoc DAE solver that iterates for (1)-

(2) at each time step.
ACuRENT s



Fundamental Implications of the Conventional Power Systems Approach

General Approach

Power Systems Approach

Physical

< Modeler and
Analyst Duality

System

Hypotheses
(assumptions)
Simplifications
(approximations)

Equations R ped

User:

Numerical
Methods

Numerical
Solution

EourRENT

Analyses

PhYSlCOl Specialized Modeler Familiar with
System the Domain Specific Platform /ﬂ

Hypotheses
& Simplifications

Models with User Defined
Fixed Models in Platform
EQUGﬁOﬂS Specific Language

Fixed Model is
”interlaced” with

Available

(lelTed) one specific solver
Numerical o
Algorithms Specialized

M&S
Platform 1 |

Specialized Analyst
Familiar with
the Domain

Specific Platform

o DS

20



Practical Implications of the Conventional Power Systems Approach

Status Quo:

Multiple simulation tools, with their own
interpretation of different model features and
data “format”.

Implications of the Status Quo: _

- Dynamic models can rarely be shared in a no Q
straightforward manner without loss of N3 ; )>
§

\ n’-°+= \\A
ODRI—B
a\ll

information on power system dynamics.
- Simulations are inconsistent without drastic -
and specialized human intervention.

Beyond general descriptions and parameter .
values, a common and unified modeling

language would require a formal mathematical i3 opernfibecsblngepotiastn

description of the models — but this is not the

practice to date. J! ]d 10 102 103 10
seconas

ECurRENT N



Why open standard-based modeling languages?

Current Types of Modeling Tool(s) Used for Current Project & Expect

* Modeling  fools  first  gained e Tt e
adoption as engineers looked for y- e B
ways to simplifty SW development oz 0%
and documentation. e

. Today's modeling tools and their
use cases have evolved. o

Current Project In Two Years Current Project

In Two Years

« Now: need for addressing both |
Sys-l- em |eve| d e Slg N an d S W & Standard Language-based «Proprietary Language-based J
development/construction.

YDC (2015)

search.com

GourRENT 2



Why equation-based modeling?

i ‘q“re’ww%”w; I g,,_ g:ﬂ"‘ o -;.-r-,:;‘? 'f'?‘

Equation—based modeling:

Defines an implicit (not explicit) relation between variables.

The data-flow between variables is defined right before simulation of the
model (hot during the modelling process!)

A system can be seen as a complete model or a set of individual

components.

The user is (in principle) only concerned with the model creation,
and does not have to deal with the underlying simulatfion engine
(only if desired).

It also allows decomposing complex systems into simple sub-

models easier to understand, share and reuse

ECURENT

CSSL (1967) introduced a
special form of “Yequation”:

variable = expression
v = INTEG(F)/m

Programming languages usually
do not allow equations!

=
=
©
=)
>
o
=)
=}
=

23



Graphical Equation-Based Modeling

« Each icon represents a physical
component (i.e. a generator, wind
turbine, etc.)

« Composition lines represent the actual
iInferconnections between components

=
]

equation
delq _ (—elq) — (Xd—xld)id +vf

(e.g. generator to transformer to line to ...) b%br df Taio
deld _ (—eld)+(Xq—xlq)iq
dr Tql0

elqg = vq+Ra-iq+xl1d-id

* Physical behavior of each component is eld = vd+Ra-id-xlq-iq
described by equations. pm0 = pm00
dvm _ v—vm ] vi0 = vi00
dt Tr
u = vref—vm—er—prl;Il_{f end Order4
« There is a hierarchical decomposition of e
each component. molcLoclimar —

dvf _ _vi-Ke+ Se) —simpleLagLim y
dt Te

ECURENT e )

end AVRTypell




M U\D‘Ef LiIcA IS a(computer) modeling language, it is not a tool!

 Modelicais a free/libre object-oriented
modeling language with a textual definition to

describe physical systems using differential, / ? 7.’
algebraic and discrete equations. MODELICA

A Modelica modeling environment is needed to

edit or to browse a Modelica model graphically Modelica® - A Unified Object-Oriented
in form of a composition diagram (= schematic). Language for Systems Modeling

A Modelica translator is needed to transform a
Modelica model into a form (usually C-code)
which can be simulated by standard tools.

Language Specification

Version 3.3 Revision 1

* A Modelica modeling and simulation July 11,2014
environment provides both of the functionalities
above, in addition to auxiliary features (e.g. http://modelica.readthedocs.io/en/latest/#
plotting)

Key: standardized and open language specification

ECurRENT
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http://modelica.readthedocs.io/en/latest/

YLl

M 0 0’E'L 1 c A modeling and simulation environment (tool) tasks

Modelica
Moqe“ng Graphical Editor Modelica
Environment Modelica Source code
Textual Editor dmmm \odelica Model

Frontend —— Translafor

4= F|of model

Hybrid DAE

e Ly ] ﬁ :Il Zer
"Middle-end" <. Y
= ;50ted equations

Optimized sorted
equations

Backend or

4mmm C Code

! dmmmm iccutable

@EcurRENT

26



Acasual Modeling and it's Implications on Model/Tool Development

« Acasual Modeling implicitly leads to faster
development and lower maintenance for models
(and even tools)

« The acausality makes Modelica library classes more
reusable than traditional classes containing
assignment statements where the input-output
causality is fixed.

« Modelica Compiler performs Causalization

o It flattens the model and then fransform and
sort all equations that give the model
description.

o Aimisto match each equation to a variable,
hence the term “"matching” process, doing an
Index reduction of the DAEs and transform
them to ODEs

ECURENT

manual

real system &
requirements

causal modeling
(block-diagram)

real system &
requirements

acausal modeling
(Modelica)

real system &
requirements

' 1 1
i i i | i ]
i 1 1 1 | 1
1 1 1 1
I 1 I 1 [ I
i 1 1 : [ :
: £y 10E £y NI 1T !
! physical ] . physical ] ; = physical ]
I behaviour i ! behaviour | ) behaviour |
1 model ! . model 1 I model 1
: 1 [ ) : 1 :
: 1R 1Nk -
1= ~7 1 I 'D -7 1 i < 1
1 @ 1 I g : 1 :
I o solvable i 1o solvable I I solvable 1
1 ‘& | mathematical : : mathematical : 1 © mathematical :
= model i I model ] B model ]
I 1 1 £ 1
: o | | T | | LI
1 1 1 1 (=] 1
! optimized ] i optimized ] ! L.) optimized ]
: mathematical : : mathematical : : © mathematical :
I model ! . model | : % model |
1 1 5 TT I 1
i < : e z ) 13 < :
! source | 1 © 8| source 1 (= source 1
I 1 I T o ] I 1
! code ] | 85 code ] s code ]
I 1 [ 1
[ | E— | ISR | B . (SRS | B—— ]
[} V. [} V. [} V.
;= . = =
2| executable Q| executable a1 executable
O g O g O g
e} e} e}
o O O
g Pt g

Approach used
by Power

System Tools

User Defined Models
in some PS Tools and
Generic Tools

(Simulink)

Approach used

by Modelica Tools

27



Why

« The order

VL

MODELIC

of computations

modelling time

a for power systems?

Acausal Causal
R*I = v; i = v/R;
v = R*i;

R := v/1i;

« Most tools make no difference between “solver”
and “model” — in many cases solver is implanted

in the model

« There s

no guarantee

that

the

is decided at

same

standardized model is implemented in the same

way dcCross

different tools

« Even in Common Information Model (CIM) v15,

only block diagrams are provided instead of

equations

ECURENT

. 4
MODELICA
o
v 4 ~

Models are black boxes whose parameters are

shared in a specific “data format”

For large models this requires translation into the

internal data format of each program

28



Previous and Related Efforts

o

)
Mo p’E'Li’ca and Power Systems |

Modelica for power systems was first aftempted in the early 2000's (Wiesmann & Bachmann, Modelica 2000) -
“electro-magnetic transient (EMT) modeling” approach.

= SPOT (Weissman, EPL-Modelon) and its close relative PowerSystems (Franke, 2014); supports multiple modeling
approaches —i.e. 3phase, steady-state, “transient stability”, etc.

Electro-mechanical modeling or “transient stability” modeling:

» |nvolves electro-mechanical dynamics, and neglects (very) fast fransients
= For system-wide analysis, easier to simulate/analyze - domain specific tools approach
ObjectStab (Larsson, 2002; Winkler, 2015) adopts "transient stability” modeling.

The PEGASE EU project (2011) developed a small library of components in Scilab, which where ported to proper
Modelica in the FP7 iTesla project (2012-2016).

The iPSL - iTesla Power Systems Library (Vanfretti et al, Modelica 2014, SoftwareX 2016), was released during 2015.
Most models validated against typical power system tools.

OpenlPSL (this presentation).

F. Casella (OpenModelica 2016, Modelica 2017) presents the challenges of dealing with large power networks
using Modelica, and a dedicated library to investigate them using the Open Modelica compiler.

ECURENT 2



M O n'E:L 'ca and Power Systems

Why another library for power systemse

Social Aspects (Vanfretti et al, Modelica 2014)

- Resistance to change: an irrational and
dysfunctional reaction of users (and )
developers?) /

o Users of conventional power system tools
are skeptical about any other tools
different to the one they use (or develop),
and are averse about new technologies
(slow on the uptake)

« Change agents contribute (+/-) to address
resistance through actions and interactions.

ECURENT

(1) Strategy do not impose the use of a specific
simulation environment (software tool), instead,

(2) Propose

a common human and computer-readable
mathematical “description”: use of Modelica for
unambiguous model exchange.

(3) Decrease of avoidance forces

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

« Accuracy (wurt. 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 (see above)

* Interacting with both communities — different
levels of success...

'



The OpenlPSL Project

O This organization Pull requests Issues Marketplace Gist

e hitp://openipsl.org

% An team of collaborators developing the OpenlPSL Modelica library for power system simulations and other related oss projects
L] L] L] a
Y B |'I' 'I'h M d | x in power system modeling and sim.
UIT USIN e MOoaellCd
Cyber Space and All Aro... Lidaabiancnipsl.or luigi.vanfretti@gmail.com

language: g

U E] Repositories People 4

Customiepinned repositories
6,07

101

OpenlPSL Top languages

Forked from itesla/ipsl Maodelica

9.
By v

. h S .
The OpenlIPSL is ;mgqglhllca library co
o .
component models for phasor time dg
outgrown the developments of the for

45

Modelica W10 %25 Updated 12 hours a

* Distributed with the MPL2
license:

Free as in Puppy!
Needs a lot of your love and care to grow and be happy!

ECurRENT


http://openipsl.org/

The OpenlPSL Project - Origins

KTH SmarTS Lab (my former research team) actively porhupo’red Ig ’rhe group
or partners developing iIPSL until the end of the iTesla project (March 2016)

IPSL is a nice prototype, but we identified the following issues:

Need for compatibility with OpenModelica, (better) use of object
orientation and

Poor harmonization, lack of code factorization, etc.

The development workflow was complex
Different parties with disparate objectives, levels of knowledge, philosophy, etc.

New research requirements and the experiences from previous effort indicated:
- a clear need for a different development approach —
one that should address a complex development & maintenance workflow!

OpenlPSL started as a fork of iPSL in 2016, and has now largely evolved!
OpenlPSL is hosted on GitHub at hitp://openipsl.org

OpenlPSL is actively developed by ALSETLab (formerly SmarTS Lab) members
and friends, as a research and education oriented library for power systems
—> itis ok to try things out |

Fork: copy of a project going in a
@DURENT different development direction 30



http://openipsl.org/

The OpenlPSL Library — Key Feautures

v 3¢ OpenipsL

OpenlPSL is an open-source Modelica library - s

for power systems - marces
|t contains a set of power system " B amen
components for phasor time domain = P
modeling and simulation Foms
« Models have been validated against a
number of reference tools (mainly PSS/E)
OpenlPSL enables: o o
- Unambiguous model exchange = eeeor
. . . TV IEE2ST
« Formal mathematical description of models g e
« Separation of models from tools/IDEs and
solvers

« Use of object-oriented paradigms

ECURENT



The OpenlPSL Library — WT Example

v 3¢ openiPsL
» || Examples ¥ Wind
v Electrical
» Buses b FE‘-AT
» Branches
¥ Machines v FEEE G
» PSAT WI
v PSSE > G
» BaseClasses UH I
— 1 GENSAL rrw— R S e R 4 2 B W -y
I i ,,I E 'WT4E|‘I ‘Reac:we Power Reference Switching } | , .} . . ]
[~} GENROU i | Reactive Power Control
Ii, GENROE [ a 1 et Merminal Voltage Cont
. WT4EA1 ‘ ]: Sl :
[~} GENSAE L 1 L :
3 eenets ¥ Submodels : ;
w Controls Pl J -
> PSAT 1+ LVACL w ’
» Simulink r T :
v PSSE - ; :
» OEL o l HVRCL : !
» ES : |
> TG o : = \
e b LvpL N - :
[ PSS2A . l , .
’ ‘ tive Current Management bleock i1s a
PSS2B | | _________________________ * : _ ;
= . CcCL d very low voltage scenarios. Th
E-} STAB2A uncticn is activated when
Yo STABS //the terminal voltage drops below 0.8 pu and strangli
¥} STABNI | 1o_LVACL //0.4 pu. For voltages between 0.8 pu and 0.4 pu to re
=} IEEEST v Submoadels Jp_LYPL > Modelica.Blocks.Interfaces.RealOutput Ip LVACL =;
I IEE2ST ﬁ LVACL . I-lodel.:Lca.Bloc}s.In:e::’aces ReallInput Vt =;
£ sTesve Modelica.Blocks.Interfaces.Reallnput Ip LVPL =;
» CGMES | HVRCL qd;:-,: »
» Loads E— _A if Vt < 0.4 then
Banks ” 7
" Solar |+ LVPL ‘Ip_LVACL = 0;|
» Wind . 1 [ 17 elseif Vt > 0.8 then
Events . Ty
. FACTS - | CCL Ip_LVACL = Ip_LVPL;
» Essentials ’ else
> Sensors Ip LVACL = Ip LVPL * 1.25 * Vt;
D SystemBase end if: .
v NonElectrical — i
» Logical 1 ;
[ » Continuous - and LVACL;
» Monlinear 24
» Functions >

» Connectors



The OpenlPSL Library — Network Example

. v 9§ OpeniPsL v )| Wind Resulting Parameter Declaratfion
v L Examples v T PSSE model WT4Gl_WT4EL
. B , T Machines o — extends Modelica.Icons.Example;
z = L v P WT4G constant Real pi=Modelica.Constants.pi;

T parameter Real V1=1.00000;
u WT4G1_WT4E1 parameter Real Al=-1.570655e-005;
P WT4G1
Resulting Class Instantiation
ClGSS ConneCﬂOﬂS OpeHIPSL.Electrical.Branches.PwLine pwlLine?2 (

: G=0,
equation B=0
connect (wT4Gl.p, GEN.p) °; R=2 50000E~3
connect (GEN.p, pwlLineZ.p) X=2.50000E-3) °;
connect (pwLineZ.n, BUSl.p) 7 OpenIPSL.Electrical.Wind.PSSE.WT4G.WT4G1l wT4G1 (
connect (BUS1l.p, pwline.p) °; V_0=V3,
connect (pwLinel.p, pwLine.p) °; angle_0=A3, —WT4G1.V*
. M b=100, B
connect (pwFault.p, BUSl.p) °; = I ‘o
connect (pwLine.n, INF.p) °; g—gzgg’ | '
L] L . - r 1.0*
connect (pwLinel.n, INF.p) °; a T TOCmd=0.02, e
connect (INF.p, gENCLSZ 1.p) 7 T IPCmd=0.02, :
connect (wT4E1 1.WIQCMD, wT4Gl.I gcmd) vV LVPL1=0.4, 0-90 s
connect (wT4E1 1.WIPCMD, wT4Gl.I pcmd) V_LVPL2=0.9,
connect (wT4G1.P, wT4El 1.P) °; G_LVPL=1.11, pp_WTAELNQ
connect (wT4G1l.V, wT4El 1.V) 7; V_HVRCR=1.2Z2,
connect (wT4Gl1.Q, wT4El 1.Q) °; CUR_HVRCR=2, 0.17
: - RIp LVPL=2,
d WT4Gl WT4EL T_LVPL=0.02) ;7 ¥
CURENT en _WT4EL; PO e




The OpenlPSL Library — Application Examples

| .gitattributes o _Tutorial >
| .gitignore [ akD >
@ travis.yml 7 IEEE® >
B IEEE14 >
i c » [ KundurSMIB >
@ copyrightStatement.htmi [ Na4 >
B LICENSE g NamsskoganGrid_Morway ®
| LICENSE.txt [ PSAT_Systems > PF_
[ openiPSL » BB SevenBus > 085
' README.md 9 TwoAreas >

|IEEE 9 Bus |IEEE 14 Bus
Namsskogan Distribution Network | e

ysiem B32 B33
System B.. -
Frequenc o R ' i
— ab | 1

P

b

MW 0.0 MW
(o
| L.
—
Zi
Zine-ymd
0B MW 0.0 MW
a8
o I

,
i

-

N [}
1.0 MW 0.0 MW

L
L Jump

- . .
0.0M. 0.0M u"
<}

Tno
i
).

0.0 MW 0.0 MW

System Data
System Base: 100 MVA

Frequency: 60 Hz

EocurRENT -




The OpenlPSL Library — providing a good “initial guess”

- An initial guess for all algebraic, continuous and discrete variables * In OpenlPSL we use a power flow
need to be provided to solve a numerical problem! solufion from an external tool (e.g.
« When solving differential equations, one needs to provide the initial PSAT or PSS/E) as a starfing point
value of the state variables at rest. fo compute inifial guess values
through parameters within each
« In Modelica, initial values can be either solved or specified in many model. o
ways, we use the following - The power flow solution is NOT
. Using the "initial equation” construct: fhe initial guess value itself.
» initial equation - Aimis to provide a beftter
* x = some_value OR x = expression to solve “initial guess™ to find the initial
. Setting the (fixed=true, start=x0) atfribute when instantiating a values of the DAE system.

model when the start value is known (or possible to calculate) B
- If nothing is specified, set the default would be a guess value HIIL STI!BY.BHII, ﬂll

(start= o, fixed=false) " & v

* In the OpenlPSL models we do the following:
- The initial guess value is set with (fixed = false) for inifialization.

- Model attributes are treated as parameters with value (£ixed =
true%

ECURENT



The OpenlPSL Library — “initial guess” example

Power flow data

V_b 400 Base voltage of the bus (kV)
V.0 1 Initialization
angle_0 0 w 1 v Rotor speed (pu)
PO 1 v V.0 true v  Generator terminal voltage (pu)
o 2 P PO/Sb v Active power (pu)
Sb SysData.S_b .
fn SysData.fn Q QO0/Sb v Reactive power (pu)
anglev angle 0 /180 * pi ~  Bus voltage angle
elq elq0 v g-axis transient voltage (pu)
H model Order3 "Third Order Synchronous Machine with Inputs and Outputs”
Third order . ) yn . : puts a :
import Modelica.Constants.pi;
mOdel from extends BaseClasses.baseMachine (delta(start = delta0), pe(start = pm00), pm(start = pm00)

. PSAT . Real elg(start = elg0) "g-axis transient voltage (pu)";

Implemented in protected
parameter Real Xd = xd * CoB "d-axis reactance, p.u.";

OpeanSL parameter Real xld = xdl * CoB "d-axis transient reactance, p.u.";|
parameter Real Xq = xq * CoB "g-axis reactance, p.u.";
parameter Real m = M / CoB2 "Machanical starting time (2H), kWs/kVA";
parameter Real cl Ra * K "CONSTANT";
parameter Real c2 x1ld * K "CONSTANT";
parameter Real c3 Xq * K " CONSTANT";
parameter Real K =1 / (Ra * Ra + Xg * x1ld) "CONSTANT";
parameter Real deltal = atan2(vi0 + Ra * i1i0 + Xg * ir0, vr0 + Ra * ir0 - Xg * ii0) "Initialitation";
parameter Real vd0 = vr0 * cos(pi / 2 - deltal) - vi0 * sin(pi / 2 - deltaQ) "Initialitation";
parameter Real vg0 = vr0 * sin(pi / 2 - deltal) + vi0 * cos(pi / 2 - deltal) "Initialitation";
parameter Real id0 = ir0 * cos(pi / 2 - deltal) - 1i0 * sin(pi / 2 - deltaQ) "Initialitation";
parameter Real ig0 = ir0 * sin(pi / 2 - deltaO) + 1i0 * cos(pi / 2 - deltaO) "Initialitation";
parameter Real pm00 = (vg0 + Ra * ig0) * ig0 + (vdO0 + Ra * id0) * id0 "Initialitation";
parameter Real v£f00 elgl + (Xd - x1d) * id0 "Initialitation";
parameter Real elgl vgl0 + Ra * ig0 + x1d * id0 "Initialitation';
initial eguation

der(elg) = 0;

£
DI—IRENT eqi:rl{zrllq) = ((-elqg) - (Xd - x1d) * id + vf) / Td1O0;
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The OpenlPSL Project Documentation

« Documentation of the code changes:

- Explicit messages in commiits
and pull-requests

Checking for the case when E1-E2 ==

I master (#144)
itinrahuzin committed 14 days ago

 Documentation of the project
« Presentafion
. User gUide @Opeairas Docs » OpenlPSLs documentation! ) Edit on GitHub
« Dev. guidelines & How to confribute T ——

Showing 1 changed file with 1 addition and 1 deletion.

OpenIPSLs documentation!

> The documentation is written in .t e e
reSh'UCfUredTeXf (reST) h OSTed O n This documentation is the main source of
http://openipsl.readthedocs.io/ rsmlsmasim o o

OpenlPSL project. ‘ ;
. . . OpenIPSL in short
« Note: Model documentation is not included, e
. The OpenlPSL or Open-Instance Power System Library is a Modelica
Users Ore referred TO ||Ter01-ure, TeXTbOOkS Ond library, fork of of the iTesla Power System Library developed and
.I.h e pro p rie.I.O ry d O C U m e n.I.O .I.I O ns ) ::2:12?0:: :: ::;;::,;b research group, collaborators and friends

The library contains a set of power system component models and test

power system networks adopting the “phasor” modeling approach. Time
DI—I R EN I domain simulations can be carried out using a Modelica-compliant tool,



http://openipsl.readthedocs.io/

The OpenlPSL’s Project - Continuous Integration (Cl) Service

« A Clservice was implemented and integrated to the repository. The Modelica
support was achieved with the following architecture:

« Travis as Cl service provider
« Docker as the “virtualization” architecture

 DockerHub to host a Docker image with Python & Qa

The Docker is

instantiated to failored
« The Cl performs automated s The latest ver create a Y

New changes Y replicable eference
are submitted as The pass / fail ronment Jces are
a new pull flag from the rthetests  uled from a
request to the & fesfsonTravisis amed out yedicated
master branch sent to Github - server

] prmodelchangs OpenlPSL Repository
" mo c
reques

ECcurRENT

¢ master o

I 3

FTP Server

40



<© Hide log = Raw log

Worker information worker'_':Lnfo
Build system information system_info

$ git clone --depth=50 https://github.com/OpenIPSL/OpenIPSL.git Qit-Chec'fOUt
$ sudo service docker start services
$ bash -c "echo $BASH_VERSION'

4.3.11(1)-release

$ docker pull smartslab/ci_openipsl install 78.20s
$ docker run -i -t -v $(pwd):/OpenIPSL smartslab/ci_openipsl sh /OpenIPSL/CI/changeUs 247:62s
2017-07-31 15:04:09,726 - OMCSession - INFO - OMC Server is up and running at
file:////tmp/openmodelica.smartslab.objid.@9f7f46af99b49c5af25991f610391bd
/OpenIPSL/package.mo is successfully loaded.

==== Check Summary for OpenIPSL ====

Number of models that passed the check is: 267

Number of models that failed the check is: @ Results from Cl testing on
/ApplicationExamples/KundurSMIB/package.mo is successful syntax check on severadl
==== Check Summary for KundurSMIB ==== “Application Examples”
Number of models that passed the check is: 7

Number of models that failed the check is: @

in when setti
B
i€ under Dymol



https://github.com/openipsl

The OpenlPSL — Ongoing Developments and Future Work!

Comman Grid Model Exchange

« Library Improvements (Tin Rabuzin, Maxime Baudetie) Specification (CGMES)
100% Compatibility with OM (100% Syntax Check, ~100% AnnexF
Simulation for components) through efforts in Continuous Use of Modalica in the Qynamics profils

Integration adoption
. Change in the models to include inheritance (code factorizing)

Fixing and validating network models — application examples
(thanks to ClI)

 ENTSO-E IOP Models (Francisco Gomez Lopez)

Proof of concept and test model
Excitation system and small network model|

-
*OpenlPSL.org organization in Github! (Prof. Dietmar Winkler)

‘Website will be also hosted there!

@cureNT
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The OpenlPSL — Ongoing Developments and Future Work!

« Efforts within the openCPS project

« New Component Models
New components for the OpenlPSL being developled:
Process noise (stochastic) pdf-based load models
Frequency estimation models
PMU “Container” Block (frequency estimation + packaging)
Control systems for islanded operation and automated resynch

* Multi-domain modeling for gas turbines and power systems
Based on ThermoPower and OpenlPSL
Miguel Aguilerq, et al.

e Morel!

« Joint modeling and simulation of tfransmission (positive
sequence) and distribution (three-phase) power networks
Marcelo de Castro Fernandez and Prof. Janaina Goncalvez (UFJF, Brazil)

ECURENT

o
A,
openCPS

Inlerface branch

EUREKA
innovation across borders

_____________
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m)’m 52
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]

+
Three-Phase

network
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Network

m}’ Yo,

o L
Yot

in sequence

Negative sequence

components

-
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I

A Zero sequence



https://github.com/maguilerac
https://www.linkedin.com/in/marcelo-de-castro-fernandes-615570b3/
http://www.ufjf.br/inerge/institucional/membros-das-instituicoes/ufjf/prof-a-janaina-goncalves-de-oliveira/

The OpenlPSL — Ongoing Developments (CI+R)

Developer
e C|+ Regregsion Tegﬂng . l Prototype Implementation in the
“modelValidation-CI” branch
* A two-stage process < D
o Modelica syntax check Medeliea Mode! reemoatode @ | Suitch branchesiags
(ClgCIiﬂST Modelica Display Errors *mo " raw ‘I
language implementation j]
iﬂ OM) ¢ é v 9 Branches  Tags
> Model validation check <> Cotatr oaeicheck T
(against reference - MonoTri
S|mU|GT|0n I’eSU|TS Of \J o OldTransformerFix
“TrUSTed” mOdel) Sirhrllllﬁl(zji?ilon Vl::efe;ence PSSE WT Fix
« Fully automated through online '
Cl SerViceS Compute Metric [« " osy PlantModel
. . *I luigi_l |
« Diagnostic help to the Yes 9o
developers to locate the error! Ivanfretti-patch-1
lNo e master

BourenT



The OpenlPSL — Ongoing Developments (CI+R)

¥ OpenlPSL / OpenIPS

forked from itesla/ipsl

<> Code (1) Issues 18

N

Branch: modelVvalidatio... v

o

Excitation field voltage (g
IS o

This branch is 76 commits &

&

&

i tinrabuzin Enabling chec

) changeUser.sh
) downloadReference.sh

E) runTests.py s

o

ECcurRENT 1

A 1
A I
\ I
\ I
A !
AT |
\
\I
! 1 L
3 4 5
Time (s)

T I
=== Reference waveform
= Simulation resuits

All checks have failed
1 failing check

@ ¥ continuous-integrationftravis-cl/pr — The Travis

Required statuses must pass before merging
All required status checks on this pull reguest must run

I~ Merge pull request  You can also open this in GitHub

Merging
Allowed

| .
All checks have passed
1 successful check

This branch has no conflicts with the base branch
Merging can be performed automatically.

o EGEEINGL TS You can also open this in GitHub Deg




Multi-domain modeling for gas turbines and power systems

3EN2\e

0.996
.0184°

Governor

ECURENT

U OpenlPSL

O ThermoPower

SPEED = omega_e/ (100*pi) - 1;

e <]
% W
\-’
equation
omega e = der(shaft.phi) *Np;

W pMECH = der(shaft.phi)*shaft.tau/ (S b*le6); :p EnCPS

EUREKA A
innovation across borders



Multi-domain modeling for gas turbines and power systems

gasFlowA ..

Ehaft_a

“suaglamod

FlueGasesSink

4 | | OpenCPS_D53B
4 [ | TurboMachineryDomain
» || GTArrangements
> [ ] GTModels
b [w] Tests
4 [ | PowerSystemDomain
> [ | Generation_Groups
[ ] Controls
|| Noiselnjections
[ ] Networks
[ | Breakers
[ | Loads

(] Tests

[ | Commeon
|| Generation_Groups

shaft_b

compressor

turbine

ECURENT

VEIENET

[ ] sMIB

[ ] sync

[»| OpenLoopTests
YOS =11
openCPS  2iia

innovation across borders

[+
[+
b
[+
[+
[+
4 [ | MultiDomain
[+
[+
b
[+
[+



Stochastic Load Model and Influence In
Single-Domain and Multi-Domain Model Response

Mechanical Power

Multidomain.Pmech Multidomain.Pmech(

Multidomain.Pmech —— GGOV1Turb.Pmech

+2 0E-5

Noise Model
Expectation value
Standard deviation
Sample Period

~
~~o
~
~
=~

Sine wave or ramp containing +5.0E6
the noise can be used to model
the “normal” load variation 0.74997
83 84 85

model VariableLoad "PSS/E Load with variation™

I
parameter Real d P "Active Load Variation Load varies d—P in the time interval +2 0E5 :
between tl and t1+d t.
public Noise model can be added as real input u.
Modelica.Blocks.Interfaces.RealInput u;
equation +1.58-59
if time >= tl and time <= tl + d_t then
kI*s I.re*v + 3_Y.re*v"2Z + kP¥(5_P.re + d P) + u = p.vr¥*p.ir + p.vi*p.ii;
kI*S T.im*v + S_Y.im*v"2 + kP*(5_P.im + d Q) = (-p.vr*p.ii) + p.vi*p.ir; +1.0E-6
else
kI*s I.re*v + 8 Y.re*v"Z + kP*S P.re + U = p.vr*p.ir + p.vi*p.ii;
kKI*S T.im*v + 8 Y.im*v*2Z + kP*S P.im = (-p.vr*p.ii) + p.vi*p.ir; +5 0E-6 -
end if; - -
end VariableLoad;
ECURENT e
725 75.0 77.5




Joint modeling and simulation of transmission and

distribution power networks

 Work together with Marcelo de Casiro
Fernandez, Prof. Janaina Goncalvez (UFJF,
Brazil] and Maxime Baudette

« Hybrid single-phase three- phase model for
power flow simulation using Modelica as
modeling language. The formulation of such
model was proposed by Jose Mauro Marinho

and Glauco Nery Taranto in the paper:

« [ref]Jose Mauro T. Marinho and Glauco Nery Taranto. A Hybrid
Three-Phase Single-Phase Power Flow Formulation Published in:
|IEEE Transactions on Power Systems (Volume: 23, Pages:
1063:1070, Issue: 3, Aug. 2008)

ECURENT
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Figure 4.4: Results for the 118 plus 37 bus test using OpenModelica and
Simulight.



https://www.linkedin.com/in/marcelo-de-castro-fernandes-615570b3/
http://www.ufjf.br/inerge/institucional/membros-das-instituicoes/ufjf/prof-a-janaina-goncalves-de-oliveira/

Implementation of DigSilentPowerFactory

Component Models

'MSc Thesis work by Harish Krishnappa
N/ H.Krishnappa@student.tudelft.nl

4 |IEPG, TU Delft

 Models include:

O

O

Synchronous Gen.
Loads
Transformer
Transmission Line
Exciter

OEL

Speed governor
Steam turbine
OLTC

Induction motor

ECURENT

Powerfactory model 2.2 (Round rotor)
1
s vep ap
P1(>
Base Machine
Synchronous machine
ie>
- pth
xmel>

" Frequency Dependendes
f2

l>l_lt bus4 OLTC bus2

T

gpsurement block

[>Xspes
>xphi
>curl —
> xmt

oo
oo
=
oo
oo

& OMEdit - Component Parameters - complete_Load1 in OpeniPSLTestfilesTe.. ? HEM

Parameters

e ey
K P > K Paver fom dats
L+sT, 1+sT, v @ PRR———
Vo [o.ses303 tage magritude (pu)
ange 0 [-L017034 itage angle (deg)
vz vi 50 [am cve pome 041)
1+sT, 1+sT, o fon eactive powes (Vi)
K > b oo yotem base poer (414)
1+sT. 1+sT, " ; st Frequency 04
. Volatge dependency constant
Voltage Dependencies e
w
o0
PowerFactory Load ot
] i o2
i . [
varting (step change) B
0 [z
| i [1
an
o cancel

20.3

1.013085
205 Bus1 Bus 2 1048951 Bus 3
1.025000 | . "
0.000000 1.019025
+0.521552
Gen A 5 :
38 10.024.. | E Line 2
5.138617 = 319 4 Bl
3.754862 | N i
- Line 1 om 5353 228 mem 32
o~ . 318 .8 . i oo DD = o1
3 © > S25 | AT D@ o<
ol c3K 2 § < e
e To® ;
.
Load A
Systerm Data
System Goss: 100 MVA
Frequency: SO0 H=
short circuitblock
Uncontrolled Generator
—_— P === Modelica
1.0 4 —— PowerFactory
sood 0L e
a -}
s | _ld===
U
(=
2 os
E Uncontrolled Generator
g —-=- Modelica
5 071 —— PowerFactory
2
1.0025 A
0.6 1 1.0000 -
} I 2 0.9975
0 2 ) 6 c
Timeins T 0.9950
4
v
0.9925 4
0.9900 A
0.9875 -
0 2 4 6 8 10
Timeins

RMSE = 0.00042027468006
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The OpenlPSL can be found online :
° hTTD://ODGﬂIDSLOI’C} Volume 5, 2016, Pages 84-88 ' ‘

el
Z
L,

SoftwareX & ’

Open Access

Our work on OpenlPSL has been published in the

SOfTWO reX JOUFﬂO' . iTesla Power Systems Library (iPSL): A Modelica library for

phasor time-domain simulations

° hTTD://dX.dOi.OrQ/] O.] O] 6/i.SOfTX.QO] 6.05.00] L. Vanfretti® ®, T. Rabuzin?, M. Baudette® & & M. Murad?
wpd Softwarex ¢ @ e software that uses OpenlPSL can
el | eeemaeon 2&3 | e found at:

' » hitps://github.com/ALSETLab/RaPld

RaPIp: A modular and extensible toolbox for parameter L . : :
estimation of Modelica and FMI compliant models hitp://dx.doi.org/10.1016/].5011x.2016.07.004
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Part 2: (Phillip Top)
Applications of the OpenlPSL library
and the FMI in GRIDDYN
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