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Abstract:
Traditionally the simulation of transient and voltage stability in power systems has been constrained to tools developed
specifically for this purpose, e.g. Simpow, PSS/E, ETMSP and Eurostag. While being efficient and thereby able to simulate
large systems, their component models are often encapsulated and difficult or impossible to examine and modify. Also,
these simulators often require substantial training and are therefore unsuitable for normal classroom use. For academic
and educational use, it is more important that the component modeling is transparent and flexible, and that the
students can quickly get started with their simulations. This paper describes a freely available power system library
called ObjectStab intended for voltage and transient stability analysis and simulation written in Modelica, a generalpurpose objectoriented modeling language. All component models are transparent and can easily be modified or
extended. Power system topology and parameter data are entered in one-line diagram form using a graphical editor.
The component library has been validated using comparative simulations with Eurostag.

INTRODUCTION
The simulation of power systems using special-purpose
tools is now a well-established area and several
commercial tools are available, e.g. Simpow, PSS/E and
Eurostag. While these are computationally very efficient
and reasonably user-friendly they have a closed
architecture where it is very difficult or impossible to
view or change most of the component models. Some
tools, e.g. Eurostag, provides the possibility of modeling
controllers such as governors and exciters using block
diagram representation but this is often cumbersome.
Moreover, these constructs do not enable the user to
modify any of the generator or network models. The
Power System Toolbox[1] is a set of Matlab program
files capable of dynamical simulation of power systems.
Here the component models are accessible, but the
modification of these requires a proper understanding
of the interaction of the model files in this specific
environment. Graphical editing of the models is not
possible. Some of the above mentioned tools have the
capability of exporting a linearized representation of the
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system for further analysis but the full nonlinear
representation remains hidden to the user.
A Dymola
This paper describes a power system component library
intended for use with the general-purpose tool Dymola
from Dynasim AB1, Sweden. Dymola is a generalpurpose simulation tool based on the Modelica
language [2]. There is already a number of Modelica
libraries intended for use with Dymola for various
applications domains, such as multibody systems,
hydraulics, thermodynamical systems and chemical
processes. There is also a library for power systems
electromagnetic
transients
simulation
under
development [3].
B. MODELICA
Modelica is an object-oriented general-purpose
modeling language that is under development in an
international effort to define a unified language for
modeling of physical systems. Modelica supports
object-oriented modeling using inheritance concepts
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taken from computer languages such as Simula and C++.
It also supports noncausal modeling, meaning that a
model’s terminals do not necessarily have to be
assigned an input or output role. While object-oriented
concepts enable proper structuring of models, the
capability of non-causal modeling makes it easy to
model for example power lines which are very
cumbersome to model using block-oriented languages
such as Simulink. Unfortunately, causality is generally
not de- fined in power networks. Modelling a resistor, it
is not evident ahead of time, whether an equation of
the type
u=Ri

(1)

will be needed, or one of the form:
i=uR

(2 )

It depends on the environment in which the resistor is
embedded. Consequently the modeling tool should
relaxthe causality constraint that has been imposed on
the modeling equations in the past. Using causal
modeling as in Simulink is illustrated in [4] where a
model for transient stability simulation is described.
With Simulink, the network has to be modeled using the
traditional admittance matrixmethod and the power
system topology can not be visualized in the graphical
editor
In Modelica models can be entered as ordinary
differential equations (ODE), differential-algebraic
equations, state-machines and block diagrams etc.
Modelica also supports discrete-event constructs for
hybrid modeling. The Modelica language definition [2]
and a tutorial [5] on Modelica can be found at the
Modelica website2. In [6] a power system block library
was developed for using the modelling language Omola,
which similarly to Modelica enabled structuring of
models using object-oriented concepts and models.
However, the Omola project is now discontinued and

IJESAT | Mar-Apr 2013
Available online @ http://www.ijesat.org

Volume-3, Issue-2, 067-070

the experiences from this have been brought into the
Modelica project
C. Contributions of the Paper
This paper describes a component library written in
Modelica for the simulation of transient and voltage
stability in power systems. It is designed for use by
undergraduate and graduate students in the teaching of
power system dynamic stability and for rapid testing of
research ideas. All component models are transparent
and can easily be modified or extended. Power system
topology and parameter data are entered in one-line
diagram form using a graphical editor. The full nonlinear
or linearized equation system can be exported for use
as a block in Simulink simulations. The component
library has been validated using comparative
simulations with Eurostag [7]
The ObjectStab library presently contains the following
component models :
Generators with constant frequency and voltage as
slack or PV nodes, or using 3rd or 6th order dqmodels
with excitation and prime mover control systems.
• Transmission lines in pi-link or series impedance
representation.
• Reactive power compensation devices; shunt reactors,
shunt capacitances and series capacitances according to
[8].
• Fixed ratio transformers.
• On-load tap changing transformers (OLTC) modeled as
detailed discrete models or using their corresponding
continuous approximations according to [9].
• Static and dynamic loads, including induction motor
and generic exponential recovery loads [10].
• Buses. • Faulted lines and buses with fault impedance.

Standard assumptions for multi-machine transient
stability simulations are made, i.e., generator stator and
network time constants are neglected and voltages and
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currents are assumed to be sinusoidal and symmetrical.
Except where other references are given, the
components are modeled according to the guidelines
given in [8]. Furthermore each generator’s set of
equations are referred to an individual dq-frame and
the stator equations are related to the system
(common) reference frame using the so-called Kron’s
transformation [8].
All models can be modified and extended through
inheritance. New models or extensions of old ones can
be entered as differential and algebraic equations, block
diagrams or state-graphs. In fact the generator with
governor and exciter is the basic generator model
extended by the block diagram shown in Fig. 1 and the
on-load tap changing transformer is the basic
transformer extended by the state-graph shown in Fig.
2. More complexexciter or turbine models can easily be
entered by drawing their block diagram representations
in the graphical editor.
Voltages and currents are described by their phasor
representation:
I = ia + jib

(3)

V = 1+ va + jvb

(4)

Using this representation a connection point can be defined by the following Modelica connector definition

connector Pin
Real va;
Real vb;
flow Real ia;
flow Real ib;
end Pin;
The equations generated by the connection of two pins
called Pin1 and Pin2 will be: Pin1.va = Pin2.va Pin1.vb =
Pin2.vb Pin1.ia + Pin2.ia = 0
Pin1.ib + Pin2.ib = 0
The first pair of equations implies that the voltages of
two connected Pins will be equal and the second pair
that the sum of all currents flowing into a point will be
zero.
A. Modeling example: Pi-link line model
The inheritance hierarchy for the Pi-link transmission
line model is given below
partial model TwoPin
Pin T1;
Pin T2;
endTwoPin;
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The definition implies that a TwoPin is a model which
has two pins named T1 and T2 that will be used as
external connectors for the Pi-link. The Pi-link model is
defined using the TwoPin as a base class and thereby
inherit its attributes:

T1.ib + T2.ib = 0;
end Admittance;

modelPilink
extendsTwoPin;
parameter Real R=0.0, X=0.1;
parameter Real G=0.0, B=0.1;
Impedance Imp (R=R, X=X);
Admittance T1Adm (G=G/2, B=B/2);
Admittance T2Adm (G=G/2, B=B/2);
Ground GT1, Ground GT2;
equation connect(Imp.T1, T1);
equation connect(Imp.T2, T2);
equation connect(T1Adm.T2, T2);
equation connect(T1Adm.T1, GT2.T);
equation connect(GT1.T, T2Adm.T1);
equation connect(T2Adm.T2, Imp.T1);
endPilink;
The admittance model is defined as follows:
model Admittance
extendsTwoPin;
parameter Real G=0.0;
parameter Real B=0.1;
equation T1.ia = (T1.va - T2.va)*G- (T1.vb - T2.vb)*B;
T1.ib = (T1.va - T2.va)*B + (T1.vb - T2.vb)*G;
T1.ia + T2.ia = 0;

This example illustrates the principle of inheritance
where new classes inherit the attributes of their parent
classes, and how different components can be
connected using electrical connectors called Pins. Class
definitions and documentation for the other models can
be found on the ObjectStab website3
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The impedance model is analogous to the admittance
model. It would have been equivalent to define the
pilink model by drawing the system shown Fig. 3 using
the graphical editor and the blocks from the ObjectStab
library. The textual representation of the model would
then be automatically generated. Similarly to the
TwoPin definition there is aOnePin for the various
components with just one connector, such as
generators and loads

III. Case Study: Nine bus system
The following steps must be carried out to simulate a
power system using the ObjectStab library:
1. Create a new model window.
2. Draw the desired power system in the model window
using the graphical model editor. New components can
be created by dragging them from a library window into
the model window. By double-clicking on a component
in the model window, a dialog boxappears and the
parameters can be entered.
3. Compile the model by choosing ’Translate’ in the file
menu of the model editor.
4. Solve for the initial state of the system using the
interactive initial value solver. By default, this tool
solves for the stationary point on the basis of the
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various reference values and other parameters given.
Parameter values and the variables to solve for can be
changed interactively. For example, the tool can be
used to solve for given load voltages instead of
generator voltages which is the default.
5. Simulate the system

As an alternative to steps 1-2, the model can be entered
in textual format. If the system is built using the
graphical editor, parameter values are entered using
dialog boxes and the corresponding textual
representation is automatically generated. Fig. 4 shows
the graphical display of the nine bus system [11] used
for validation of the library. Fig. 5 shows simulation
results obtained using the ObjectStab library and results
from simulation results obtained using Eurostag [7]. At
simulation time 1 s, a change of the setpoint voltages of
generator G2 and G3 to 1.15 p.u. occurs and, at
simulation time 10 s, a bus-ground fault with fault
resistance 0.1 p.u. occurs. The fault clears at simulation
time 11 s. From the figure we can se that there is a
perfect agreement between the results of the two
programs.

Conclusions
A component library called ObjectStab for power
system transient and voltage stability simulations has
been presented. Using the library, students can quickly
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enter their power system in one-line diagram form
using a graphical editor, without having to type cryptic
data files in text format or entering parameter data in
countless dialog boxes. The library has an open
structure and all models can be modified or extended
using various Modelica constructs, such as state
machines, block diagrams or plain algebraic or
differential equations. The models also have reasonable
default parameter values defined such that students
can play around with the models even before they have
full understanding of the meaning of all system
parameters. It is primarily intended as an educational
tool, which can be used to experiment with and observe
the effect of the different levels of modelling or trying
out new types of controllers. Because of some
drawbacks described in Sec. IV it can not yet compete
with specialpurpose tools such as Eurostag in terms of
computational efficiency, and is therefore most suitable
for analysis of small systems.
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