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Abstract

In the past decades, a large number of power electronic
converter-based energy resources have been connected to
grids around the world. The increasing number of such
devices is pushing for both electromechanical and electro-
magnetic dynamic simulations to be part of routine sta-
bility studies for transmission planning studies. Hybrid
wave-phasor simulations have been proposed in the litera-
ture to address this challenge. This paper describes Open-
Instance Wave-Phasor Interface (OpenIWPI), a Modelica
library used to couple phasor-based and electromagnetic
power system models, allowing simulation and lineariza-
tion of such hybrid models to be performed altogether. Ex-
amples are presented to describe how the library can be
useful in power system studies.

Keywords: power grid, power systems, electromagnetic
transients, phasor-based simulation, RMS simulation

1 Introduction
1.1 Background and Motivation

The planning of the grid and its safe operation requires
many different simulation-based studies to be performed.
The dynamic stability analysis of electric grids is one of
these studies, and it is usually assessed using two differ-
ent approaches, depending on the time scale of the phe-
nomena that need to be assessed. In electromechanical
transient stability (usually named just Transient Stabil-
ity, or TS) simulations, the power system is represented
in its positive sequence component equivalent to the fun-
damental frequency (Kundur, Balu, and Lauby 1994). In
essence, a phasor-based representation of the power sys-
tem is used to create a system of differential and algebraic
equations (DAEs). The time scale of electromechanical
system dynamics is in the order of milliseconds to tens
of seconds and, with appropriate time step selection, a
large number of DAEs can be solved via low-order inte-
gration methods with high computational efficiency (Kun-
dur, Balu, and Lauby 1994; Chow and Sanchez-Gasca
2020). Electromagnetic transient stability (EMT) sim-
ulations have more detailed models of the components
of the power system, capturing ultra-fast switching dy-
namics due to power line tripping or those of the power
electronic converter (Dommel 1986; Watson and Arril-
laga 2003; Mahseredjian, Venkata Dinavahi, and Mar-

tinez 2009). Once again, with an appropriate time step
selection, the differential equations describing the EMT
simulation are solved for a large frequency spectrum us-
ing trapezoidal integration methods. However, the time
scale of electromagnetic phenomena is very small, and
solving these large systems of differential equations with
very small time steps is cumbersome for computers, limit-
ing the study of EMT simulations in extremely large sys-
tems (Watson and Arrillaga 2003). Moreover, the infor-
mation required for the parameterization of EMT mod-
els is substantially larger than that used for phasor-based
models, and some of this information may not be avail-
able, making it challenging to develop large-scale grid
models, with some exceptions (Mahseredjian, Venkata Di-
navahi, and Martinez 2009; Dennetiere et al. 2019; Thapa
et al. 2023).

Traditionally, TS and EMT studies were carried out
separately, in different tools. However, there have already
been efforts, since the 1980s, for hybrid EMT-TS simula-
tions motivated by the need to understand the interaction
between high voltage direct current (HVdc) transmission
lines and the power grid (Heffernan et al. 1981; Adapa
and Reeve 1988). In recent decades, the electric power
system has grown not only in size but also in complexity.
Currently, many converter-based resources are operating
in modern power systems, and many more will be in ser-
vice in the next years. These ubiquitous devices deal with
large amounts of power and are crucial for the operation of
the current power grid. Therefore, it is important for stud-
ies to consider how the electromagnetic response of such
devices can affect the electromechanical transient stability
of the entire system and vice versa.

Many power system libraries have already been devel-
oped in Modelica for both TS and EMT studies (Win-
kler 2017; de Castro, Winkler, et al. 2023; Masoom,
Ould-Bachir, et al. 2020; Masoom, Mahseredjian, et al.
2021). Engineers have created these libraries to explore
the rich features of Modelica (Modelica Association 2025)
while performing EMT or TS studies. Therefore, it is at-
tractive to explore how these can be combined and ex-
ploited for hybrid EMT-TS simulations without the typ-
ical drawbacks of co-simulation (Schweiger et al. 2019).
To this end, hybrid wave-phasor interfaces using Model-
ica would enable one to adequately model and simulate
modern power systems that are rich in converter-based re-
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sources (Chang and Vanfretti 2024; Fachini et al. 2025).

Furthermore, in recent years hybrid EMT-TS stud-
ies have become more common (Watson and Arrillaga
2003). However, they are usually conducted mainly as
co-simulation, with the different parts being simulated as
if they were standing alone (Heffernan et al. 1981; Adapa
and Reeve 1988; Theodoro, Tomim, Lima, et al. 2017;
Theodoro, Tomim, Barbosa, Lima, and Santiago 2018;
Theodoro, Tomim, Barbosa, Lima, and Barros 2019).
While the EMT part is discretized to be solved using trape-
zoidal integration method, the TS part uses modified Eu-
ler algorithms. This is not done explicitly; instead, the
dominant approach used by the power systems commu-
nity over the last 15 years (V. Dinavahi et al. 2009) is to
interface two separate environments that exchange data at
specific time instants, i.e., ad-hoc co-simulation. How-
ever, using Modelica, hybrid EMT-TS simulation is pos-
sible without the need of two different tools — one can
create a single hybrid EMT-TS model that will be solved
using variable step-size algorithms (Gibert et al. 2018; de
Castro and Vanfretti 2022), such as DASSL for exam-
ple (Petzold 1982). Meanwhile, if needed, co-simulation
can also be achieved if desired, by exporting portions of
the proposed interface and models as a Functional Mock-
up Unit (FMU) and interfacing them with FMI-compliant
tools (Ramirez-Gonzalez et al. 2024).

It is also worth noting that the ability to create a sin-
gle hybrid EMT-TS model in Modelica provides a unique
added value: it allows the user to perform a small signal
stability analysis using linearized models, e.g., by using
the Modelica_LinearSystems2 (Baur, Otter, and
Thiele 2009). This is simply not possible with existing
power system EMT simulators and certainly not feasible
with EMT-TS co-simulation frameworks. Observe that
even most TS simulators require additional tools for this
analysis task (Martins et al. 2000; Nikolaev et al. 2020).

1.2 Objectives

In this paper, the focus will be in presenting a Mod-
elica library that contains an interface that can be used
for hybrid EMT-TS simulations. This wave phasor in-
terface is designed to be coupled with the Open Instance
Power Systems Library (OpenIPSL) (de Castro, Winkler,
et al. 2023) and the Modelica Standard Library (MSL).
While the phasor-based portion of a system can be repre-
sented by OpenIPSL, the electromagnetic behavior is rep-
resented by the appropriate Electrical sub-package within
the MSL. The wave-phasor interface present in this library
is based on a positive-sequence component filtering ap-
proach (Theodoro, Tomim, Lima, et al. 2017; Theodoro,
Tomim, Barbosa, Lima, and Santiago 2018; Theodoro,
Tomim, Barbosa, Lima, and Barros 2019) originally de-
veloped for co-simulation.

1.3 Paper Structure

The remainder of this paper is structured as follows: Sec-
tion 2 presents the structure of the library and its organiza-

tion; Section 3 shows the auxiliary models that are used in
the library; Section 4 describes the mathematical descrip-
tion of the wave-phasor interface and its implementation
in Modelica; Section 5 brings two simulation examples
and their results; Final discussion and conclusions are pre-
sented in Section 6.

2 Library Overview and Organization

The Open-Instance Phasor-Wave Interface (OpenIWPI)
library was developed to help engineers simulate hy-
brid power system models composed of phasor-based
circuits and detailed components represented in the
electromagnetic-transient fashion. The main idea is to
be able to interface detailed components, using EMT-like
representations, with power system grids, which are usu-
ally modeled in their phasor-domain positive sequence
equivalents. In other words, this library should help engi-
neers in creating hybrid EMT-TS models and simulation
using a wave phasor interface (Theodoro, Tomim, Lima,
et al. 2017; Theodoro, Tomim, Barbosa, Lima, and Santi-
ago 2018; Theodoro, Tomim, Barbosa, Lima, and Barros
2019) implemented in Modelica (de Castro and Vanfretti
2022).

The interface uses electrical connectors from the
OpenIPSL (de Castro, Winkler, et al. 2023) and from the
Modelica Standard Library - MSL. Therefore, the library
is ideal for interconnecting phasor-based representations
built using the OpenlIPSL, for TS studies, with EMT-like
models that are built using the Electrical library within the
MSL. As an outcome, the user will need to have both li-
braries loaded (OpenIPSL and MSL) before loading the
OpenIWPI library. The OpenIWPI library has six sub-
packages as shown in Figure 1.

v OpenlWPI
C Copyright
b o User's Guide
» P Examples
' Buses
» | Interfaces
» Ay Utilities

Figure 1. Library sub-packages overview.

The sub-packages are briefly described below:

* Copyright: the library’s copyright notice informing
users that the library is subject to a 3-clause BSD
license.

» User’s Guide: package containing informative items
for the users, such as a starting guide and a list of
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reference papers used by the library.

* Examples: package to demonstrate the application
of the interface using simple examples of the power
system for simulation.

* Buses: contains the electrical bus that uses the hy-
brid wave-phasor interface to connect phasor-based
models with EMT-like models.

 Interfaces: contains the filter-based wave-phasor in-
terface that allows the simulation of hybrid wave-
phasor (EMT-TS) circuits.

 Utilities: contains auxiliary models that are used
in the library, such as a Phase-Locked Loop (PLL)
model, reference frame transformations, as well as
resettable and second-order generalized integrators.

The OpenIWPI has two important sub-packages im-
ported from its dependencies. They are listed in the li-
brary’s main package.mo file as shown below. The
first import is related to OpenIPSL’s Types, which allows
OpenlWPI to maintain dimension consistency in calcula-
tions made in the library. The second import is related
to the mathematical constants listed in MSL and that are
used in the calculations performed within the OpenIWPL

Listing 1. Importing OpenIPSL Types and Modelica Constants.

import OpenIPSL.Types;
import C = Modelica.Constants;

3 Auxiliary Models and Blocks

The Utilities sub-package of the OpenIWPI library
is composed of many auxiliary blocks and models that
are essential for assembling the wave-phasor interface.
The following subsections describe each auxiliary block/-
model in detail, highlighting its contribution to the proper
operation of the interface.

3.1 Reference Frame Transformations

In the library, two reference frame transformations are
needed: Clarke and Park transformations. Both transfor-
mations are implemented as models in the OpenIWPI li-
brary. The Clarke transformation model uses three real in-
puts (v4, vp, and v¢) and outputs two real variables (v and
vp) (Yazdani and Iravani 2010). In Modelica, this trans-
formation is implemented as shown in Listing 2.

Listing 2. Clarke transformation implementation.

equation
v_alpha = (2/3)x(v_A - (1/2)*v_B -
(1/2)%v_C);
v_beta = (2/3)*(sqrt(3)/2)x(v_B - v_C);

Similarly, the Park transformation model uses three real
inputs (ve, vg and 0) and outputs two real variables (v4
and v,) (Yazdani and Iravani 2010). The Park transforma-
tion transforms a reference frame composed of two waves

in quadrature (o¢f3) into a set of two stationary values (dq)
using a reference frame that rotates with the grid’s fre-
quency. Its Modelica implementation is as depicted in
Listing 3.

Listing 3. Park transformation implementation.

equation
v_d = v_alpha*Modelica.Math.cos (delta)
+ v_betaxModelica.Math.sin (delta);
v_g = -v_alphaxModelica.Math.sin(delta)
+ v_betaxModelica.Math.cos (delta);

3.2 Resettable Integrator

The integrator with a reset option was created in order to
be used in the PLL present in the library. This integrator
is a re-implementation of the regular integrator used in the
MSL. The only difference is that it resets its output every
time it reaches the value of 2. The reason behind this
reset is that it allows the output to always be within one
angular revolution, avoiding an unnecessary large-angle
variable to be used in calculations. This reset integrator
is common in hardware implementations of PLLs based
on the Synchronous Reference Frame (SRF) to avoid an
integer overflow issue in the digital signal processor. In
Modelica, the resettable integrator equations are imple-
mented as shown in Listing 4. Note that this integrator
uses the same parameters as the basic integrator found in
MSL. Also note that Listing 4 is built under the assump-
tion that y_start is 0, and that k»u is greater than 0.

Listing 4. Resettable integrator’s equations in Modelica.
initial equation
y = y_start;
equation
der (y) = kx*u;
when y > 2+C.pi then
reinit (y,y_start);
end when;

3.3 Second-Order Generalized Integrator

The Second-Order Generalized Integrator (SOGI) (Ro-
driguez et al. 20006) is a filter with the purpose of generat-
ing two signals in quadrature with each other. The input
of the filter, v;,, is filtered, and its fundamental component
is output as v. The second output is a signal in quadra-
ture with the first output and is named gv. If the transfer
function between v;, and v is called D(s) and the transfer
function between v;, and gv is Q(s), then it can be de-
scribed as Equation (1) (Rodriguez et al. 2006; de Castro
and Vanfretti 2022).

% ks
D e —
<S) Vin s2+ka)ss—|—0)52’ (1)
qv keoy
o) =T -

Vin 82+ kays + 0’

where the gain @y = 27 f; is the angular frequency of the
wave that must be filtered and k is a gain that can be ad-
justed to change the characteristics of the filter. These
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two parameters can be set by the user. In this applica-
tion, f; = 60 hertz, while the gain is set to k = /2 because
it provides a dynamic response with a good compromise
between the settling time and the overshoot of the filter-
ing process under disturbances (Rodriguez et al. 2006; de
Castro and Vanfretti 2022). Note that D(s) describes a
band-pass filter, while Q(s) describes a low-pass filter. In
OpenIWPI, the SOGI has been implemented as a block
diagram. It is shown in Figure 2.

Figure 2. Sencond-order generalized integrator implementation.

3.4 Phase-Locked Loop

The PLL modeled in the library is based on a Synchronous
Reference Frame (SRF) loop with double SOGTI filters, de-
scribed below (Rodriguez et al. 2006). The PLL can be
divided into two main parts. The first part acts as a posi-
tive sequence filter, having three-phase quantities as input
(voltage or current), and having as output the positive se-
quence equivalent for the corresponding o3 components
of the input quantities (Rodriguez et al. 2006; de Castro
and Vanfretti 2022).

Suppose the three-phase quantities v4, vg, and ve. They
are used as inputs for a Clarke block. Each output, say
Va,in and vg ;,, is used as the input of a SOGI filter. The
SOGQI filter that receives the o component, there will be
two outputs: vy and gvy. Similarly, in the case of the
SOGI that filters the  component, the outputs are vg and
qvg- The four variables can be used to calculate the pos-
itive sequence component in the off reference frame as
shown in Equation (2) (Rodriguez et al. 2006; de Castro
and Vanfretti 2022). The output of this positive sequence
calculation can then be used in a SRF loop designed to
track one of the rotating axes. The DSOGI-based SRF-
PLL (DSOGI-PLL) block diagram is shown in Figure 3.

+_1 o —
{Vi 70 qvﬁg @
2

The SRF-PLL (Kaura and Blasco 1997) uses a Park
model and PI control to synchronize the rotating frame’s
and the aff positive sequence component’s frequencies,
such that the Park model’s outputs are stationary. The
SRF-PLL is described in Figure 4.

The compensator C(s) is usually a PI controller with
Kp and Ki that can be defined as

3)
Ki= Y

K, = 2@¢8

where X is the nominal peak value of the filtered wave,
while & is the damping factor and @, is the cut-off fre-
quency. These parameters can be tuned by the user and,
for 60 hertz waves, & = 0.7 and @, = 100 rad/s result in
good dynamic performance (Rodriguez et al. 2006).

The implementation of DSOGI-PLL is carried out using
block diagrams in Modelica, as shown in Figure 5. Note
that the integrator located at the bottom right in the block
diagram is the resettable integrator described in previous
sections. This means that the output delta is always in
the interval between 0 and 27.

4 Wave-Phasor Interface Model

The integration between models created under different
paradigms, that is, EMT and TS-like models, requires a
component capable of adequately interfacing both repre-
sentations. In this approach (Theodoro, Tomim, Lima, et
al. 2017; Theodoro, Tomim, Barbosa, Lima, and Santi-
ago 2018; Theodoro, Tomim, Barbosa, Lima, and Barros
2019), the TS-type power system with phasor-based mod-
els acts similarly to a variable voltage source on the inter-
face bus. Transformation of a voltage phasor into a wave-
like voltage source requires a phasor-to-wave transforma-
tion. In contrast, the EMT-type power system model will
act as a variable current injection on the interface bus. This
phasor-type current injection must be calculated from the
waveforms obtained from the detailed EMT-type model,
and thus a wave-to-phasor transformation is needed.

4.1 Voltage Phasor-to-Wave

This interface takes all necessary information from a
phasor and translates it into waveform equations. The
phasor information is carried out through OpenIPSL’s
connector with a Cartesian representation. The phasor
V is represented in OpenIPSL as

V=ve+ jvim~ (4)

Hence, given the nominal voltage of the bus V,, and the
base frequency of the system f, it is possible to calculate
the wave information (amplitude A, frequency @y, and an-

gle ¢,) as

w2 [/
A= f/g ( V%e+VI~2m>,

do,
(S ’
s = Wp + dr

Vs
=18 ),
Vre

where @y = 27 f;. The calculated angle ¢, is assumed to
be the phase from phase A’s voltage, and the angles for

(&)
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Vg — v;
Positive Sequence +
Calculator SRE-PLL K
+ — 0
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Figure 3. Diagram for the DSOGI-PLL.
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Figure 4. Diagram representing a PLL based on Synchronous
Reference Frame (SRF).
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Figure 5. Modelica implementation of the DSOGI-PLL.

the other phase voltages are calculated displacing phase B
and C of 27” radians. Hence, the three-phase waves that
will be apparent for the EMT portion of the interface can
be described as

va = Acos (w5t + @),

21
2r
ve =Acos | ogt + ¢, + 3

4.2 Current Wave-to-Phasor

This part of the interface uses a filter to find the current
phasor that will be shown at the phasor-domain portion of

the interface. This can be done by using two PLLs: one
DSOGI-PLL to be coupled with voltage waves described
in Equation (6), and one modified PLL coupled with the
currents that flow in the EMT portion of the interface. The
DSOGI-PLL, coupled with voltage waves, is used to find
the & that varies with the appropriate speed ;. The sec-
ond PLL can be considered as a modified DSOGI-PLL
and it uses the current waves as inputs. The first modifica-
tion is that the PLL can use a DSOGI filter as it is shown
in Figure 3, but it could also use other filters to obtain i,
and ig. The second modification comes from the fact that
the SRF-PLL part, as depicted in Figure 4 is reduced to a
simple Park block that has inputs i} and iE as well as 0
which is the output from the DSOGI-PLL coupled to the
voltage waves. This procedure yields a current phasor

I=iy+jif. (7)
where i:{ and i; are the outputs of the Park block of the
modified PLL coupled to current waves. However, the an-
gle & is such that

(vre + jvim) €7 = va+ jvg = va. ®)

Therefore, the current phasor ij{ + ji;r produces an an-
gle difference between the voltage and the current pha-
sors. Consequently, to calculate the appropriate positive
sequence current phasor value, it must be displaced from
the voltage angle ¢, (see Equation (6)).

4.3 Modelica Implementation

In Modelica, the model contains one connector from
the OpenIPSL and four from the MSL (three connectors
for the voltage phases and one connector for the ground).

Listing 5. Connector instantiation.

// pins for wave signal:

Modelica.Electrical.Analog.Interfaces.
PositivePin PinA;

Modelica.Electrical.Analog.Interfaces.
PositivePin PinB;

Modelica.Electrical.Analog.Interfaces.
PositivePin PinC;
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Modelica.Electrical.Analog.Interfaces.
NegativePin PinGrd;

// pin for phasor signal

OpenIPSL.Interfaces.PwPin PSPin;

Three system parameters are necessary for the calcula-
tions and they are entered as parameters for the interface
as shown below.

Listing 6. System parameter declaration.

parameter Types.ApparentPower S_b = 100e6 "
System base power";

parameter Types.Voltage V_b = 230e3 "Bus
base voltage";

parameter Types.Frequency fn = 60 "System

frequency";

The DSOGI-PLL from Figure 3 as well as a derivative
block from MSL are instantiated in the model as presented
below.

Listing 7. Instantiation of PLL and Derivative block.

OpenIWPI.Utilities.PhaselLockedLoop.Dsogi
pll (SysFreq = fn, VLine = V_Db);

Modelica.Blocks.Continuous.Derivative derA (
T=0.1, y_start=0);

In addition, variables that are used in internal cal-
culations are declared as protected. Note that the
variables type are assigned attributes from those in
OpenIPSL.Types.

Listing 8. Protected variables.

protected
Types.AngularVelocity w
// voltage variables
Types.Voltage MagV;
Types.Angle AngV;
// current variables
Types.PerUnit ir;
Types.PerUnit ii;
Types.PerUnit MagI;
Types.Angle AnglI

In the equation environment, the voltage phasor-to-
wave transformation can be implemented in Modelica as

Listing 9. Voltage phasor-to-wave implementation

equation

// voltage information from phasors

MagV = V_b=*sqrt (2/3) xsqgrt (PSPin.vr 2+
PSPin.vi"2);

AngV = Modelica.Math.atan2 (PSPin.vi,
PSPin.vr);

derA.u = AngV;

w = 2xC.pixfn + derA.y;

// voltage waves

PinA.v-PinGrd.v = MagVxModelica.Math.
sin(wxtime+AngV) ;

PinB.v-PinGrd.v = MagVxModelica.Math.
sin (wxtime+AngV-2+C.pi/3);

PinC.v-PinGrd.v = MagVxModelica.Math.
sin(wxtime+AngV+2+C.pi/3);

The implementation of the current equations is de-
scribed using Listing 10. The Clarke transformation re-
sult, ialpha and ibeta, is instantiated as RealOutput,
while the inputs for the Park transformation, iapos and
ibpos, are instantiated as RealInput. This allows the
user to create other hybrid buses by using other filters and
methods to extract the positive sequence of the a3 frame.

Listing 10. Current wave-to-phasor implementation

equation
// voltage PLL synchronization
pll.vA = PinA.v-PinGrd.v;
pll.vB = PinB.v-PinGrd.v;
pll.vC = PinC.v-PinGrd.v;
// clarke transformation
ialpha = (2/3)* (PinA.1i -
(1/2)*PinC.1i);
ibeta = (2/3)* ((sqrt(3)/2)*PinB.1i - (
sqrt (3) /2)*PinC.1i);
// Real and imaginary parts of the
current phasor using Park transf.
ir = —sqrt (3/2)*(V_b/S_b) * (iapos*cos (
pll.delta)+ibpos*sin(pll.delta));
sqrt (3/2) x (V_b/S_b) * (1apos*sin (pll
.delta)-ibposx*cos (pll.delta));
// current magnitude and angle
MagIl = sqgrt (ii”2+ir*2);
AnglV = Modelica.Math.atan2(ii,ir);
// grounding
PinGrd.i = — (PinA.i+PinB.i+PinC.1i);
// current phasor waves
PSPin.ir = MagI*Modelica.Math.cos (AngIV
+AngV) ;
PSPin.ii =
+AngV) ;

(1/2)*PinB.i -

ii =

MagIxModelica.Math.sin (AngIV

4.4 Hybrid Bus

Finally, the hybrid bus model is assembled using the dou-
ble SOGI strategy, followed by the use of Equation (2),
similar to what is used in the DSOGI-PLL (Theodoro,
Tomim, Lima, et al. 2017; Theodoro, Tomim, Barbosa,
Lima, and Santiago 2018; Theodoro, Tomim, Barbosa,
Lima, and Barros 2019). The hybrid bus model is imple-
mented in the library as shown in Figure 6. Note that the
pwPin on the left hand side is that of OpenIPSL; while
those on the right hand side (pin_A, pin_B, pin_C)
and the bottom (pin_grd) are those from the MSL.

S Simulation Examples

The OpenIWPI library has two simple examples that are
used to show the appropriate behavior of the wave-phasor
interface.

5.1 Simple Circuit

This first example shows a comparison between a power
system completely represented in phasor-domain models
and a circuit that is partially represented in phasor-domain
and partially in EMT models. Figure 7 shows the two cir-
cuits that are present in the example: the upper circuit is

228

Proceedings of the 16" International Modelica&FMI Conference
September 8-10, 2025, Lucerne, Switzerland

DOI
10.3384/ecp218223



Session: Power System Simulation in Track for Energy
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Ww.
n
pin_grd pin_C
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Figure 6. Modelica implementation of the hybrid bus.

the positive sequence (phasor-based model), while the bot-
tom circuit is the hybrid TS-EMT model.

infiniteBus1 infiniteBus2

bus1 bus2

0.0 MW 0.0 MW
= [ b =
resistor1 inductor1 phaseA
4 _
infiniteBus3 bus3 dsogi_hybrid R=4.5547 Q 1=0.10322 H
0.0 MW resistor2 inductor2 phaseB
- a l:’ v + < -
I R=4.5547 Q 1=0.10322 H
o

resistor3 inductor3 phaseC

?

R=4.5547 Q L=0.10322 H

ground

Figure 7. Simple circuit example in Modelica.

The goal of this example is to demonstrate the filtering
of the three-phase current wave, showing that both circuits
will yield the same result. The example is set to start with
zero current on all inductors, which challenges the filter to
reach the steady-state response and allows one to observe
its behavior. The results presented in Figure 8 show that
even under that condition, the filter is able to track the
correct real and imaginary values of the current phasor.

5.2 Converter Circuit

The second example describes an application of the hy-
brid interface, in which a power-electronics-based device

2.0
infiniteBus1.p.ir
S . LT infiniteBus3.p.ir
154 1%
RS
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0.20
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Figure 8. Current filtering simulation result for real (upper
plot) and imaginary (bottom plot) components of the positive
sequence current phasor.

is represented in detail using its EMT model, while the rest
of the grid is built using the phasor-domain (TS) models.
The Static Compensator (STATCOM) is an inverter-based
resource that can be used to provide reactive power sup-
port to the power grid (Hingorani and Gyugyi 1999). The
example circuit is presented in Figure 9 showing the inter-
connection of STATCOM to bus B2.

q_STATCOM

groundt

Interface
n

B1 E B3 iniite_bus
—
/’/ \ 0.0 MW
v @B =
\_af o
\\//
Vpu Vpu Vpu
Angle Angle Angle

Figure 9. Diagram for converter circuit example.

This test system was developed to show the operation of
a STATCOM and its controllers modeled in detail using
the EMT approach, while the rest of the system is mod-
eled in phasor-domain for a TS study. The STATCOM
controllers used in this example are explained in more de-
tail in (de Castro and Vanfretti 2022). To assess this be-
havior, the reference to the STATCOM’s reactive power
injection changes from 0 to 90 Mvar at t = 1 second, as
shown in Figure 10. The three-phase modulation indices
for each phase are shown in Figure 11. Note that the mod-
ulation indices change almost instantaneously at t = 1.0
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sec., showing the appropriate control action for the desired
reactive power injection.
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Figure 10. Reference value and reactive power injection by
STATCOM.
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Figure 11. Three-phase modulation indices for the STATCOM’s
controller.

The voltage behavior on the STATCOM’s DC bus is
presented in Figure 12. The DC voltage is controlled
throughout the simulation at its reference value of 60 kV.
Note how the voltage suffers a disturbance exactly at
t = 1 sec. Another disturbance in the voltage occurs at
t = 0.05 sec., which is the time instant when the STAT-
COM connects to the grid. The bus B2 voltage is depicted
in Figure 13. Note that the bus voltage increases its mag-
nitude as the reactive support offered by the STATCOM
increases.
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— Vdc
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Figure 12. STATCOM DC bus voltage during simulation.

6 Conclusion

This work presented the Open-Instance Wave-Phasor In-
terface, or OpenIWPI, a Modelica library designed to al-
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Figure 13. Bus B2 voltage level during simulation.

low coalesced simulation of hybrid EMT-TS models, us-
ing a wave-phasor interface. The interface is built us-
ing SOGI-based filters originally proposed in (Theodoro,
Tomim, Barbosa, Lima, and Barros 2019). Although the
library is small, it provides all the essential components to
successfully link EMT and TS models, providing auxiliary
models and reference frame transformations that are used
by the interface. The interface bus presented in this pa-
per uses connectors from the OpenIPSL, which has power
system models for phasor-domain simulations, and it also
uses connectors from the Electrical package within the
MSL, which allows part of the power system to be mod-
eled for EMT.

Furthermore, this paper describes two example mod-
els that are part of the OpenIWPI library and presents
their simulation results. The results should provide the
user with details on how the library is expected to work
and how to assemble larger models using the interface.
The wave-phasor interface could be used as a magnify-
ing glass for parts of the system to be modeled in detail
(EMT), while other parts of the power grid can continue
to have their phasor-based positive-sequence equivalent
model (TS). This can be particularly useful when there is
not enough information to model the whole power grid in
EMT, or when one is interested in a particular plant’s re-
sponse when faced with system-wide dynamics (Boersma
etal. 2021) that can only be captured with large-scale sim-
ulation models that are typically only represented for TS.

The OpenIWPI library has been tested with Dymola
2025x and requires OpenIPSL release v.3.1.0, which can
be found online at: http://openipsl.org/. The
OpenIWPI library is released as open source, and is
available here: https://github.com/ALSETLab/
OpenIWPT.
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