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Abstract 
The term ‘cyber physical systems (CPS)’ refers to a class of systems that offer close integration 
between computation, networking and physical processes. The CPS approach to system design 
has been primarily used in a few domains (e.g. aerospace and military industries), however, its 
use in the design of power systems is new.  
 The unique features of CPSs are expected to greatly benefit the transition of today’s 
electrical power networks into the “smart grids” of tomorrow. Smart grids will bring a tighter 
integration of sensors, controls and management systems aiming to enhance power system 
operation, control and efficiency while at the same time facilitating the integration of 
renewable energy resources. Taking a step towards this vision, within the ITEA 3 
OPENCPS(Open Cyber-Physical System Model-Driven Certified Development) project, 
benchmark network models that are needed to test the functionalities of the OPENCPS tool-
chains for smart grid use cases.  
 
Use Case 1 aims to illustrate the design of control system functionalities for gas turbine 
technology in the ‘smart grid’ context. The control functions involve automated de-
synchronization and re-synchronization of a generator unit to the main grid going through 
assets and ICT systems of different owners; control systems for islanded operation; and in both 
cases above, to analyze the performance of the controls under load variability. 
 
In this thesis, part of the modelling for Use Case 1 of ITEA3 OpenCPS project has been carried 
out. The work reported herein focuses on development of control system modeling for islanded 
operation and re-synchronization to the electrical power grid using the Modelica language. 
Both the automatic resynchronization controller and islanded controllers are built considering 
the signals that PMUs (Phasor Measurement Unit) provide. The controls are modelled as 
centralized units that receive data from PMUs and compliment existing generator control 
systems that act as Distributed Energy Resources (DER) units in the distribution power 
network. 
 
In this thesis two types of automatic resynchronization control functions were developed in 
using the Modelica language. They were tested in a power network developed using a 
Modelica-compliant power system library called OpenIPSL (Open Instance Power System 
Library). The performance of these controllers has been analysed considering uncertainties of 
power consumption. Uncertainties are modelled using stochastic properties, and as a result, 
random load variations with different level of variance and amplitude help to understand the 
controller’s response at an array of operating points (dispatch). 
In addition, an islanded operation controller was developed using the Modelica language. The 
function of this controller is to steer the distribution network’s frequency to the desired 
frequency (i.e. 50 Hz), when islanded from the main transmission network. 
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Résumé en Français 
La notion de « systèmes cyper-physiques (CPS) » définit l’ensemble des systèmes qui 
présentent une intégration entre des entités informatiques communicantes, et des processus 
physiques. L’approche CPS a principalement été utilisée dans certains domaines tels que 
l’industrie aérospatiale et militaire pour le design de systèmes. Récemment, cependant, son 
usage s’est répandu dans d’autres domaines, notamment pour le design et l’étude de systèmes 
électriques de puissance.  
Les propriétés spécifiques aux CPS devraient pouvoir largement bénéficier à la transition des 
réseaux électriques de puissance d’aujourd’hui vers les « smart grids » (réseaux intelligents) de 
demain. En effet, les smart grids apportent une intégration plus poussée entre différents 
capteurs, systèmes de contrôle et systèmes de gestion, avec pour objectif de faciliter 
l’intégration des énergies renouvelables. Dans le cadre du projet ITEA 3 OPENCPS (Open 
Cyber-Physical System Model-Driven Certified Development), cette approche est adoptée pour 
le développement de modèles de réseaux de référence pour tester les fonctionnalités de 
l’ensemble des programmes développés pour les cas d’utilisation de smart grids dans 
OPENCPS. 
 
Le premier cas d’utilisation a pour objectif d’illustrer le design de systèmes de contrôle pour 
turbines à gaz dans un contexte de smart grids. En particulier, ces systèmes de contrôle doivent 
pouvoir assurer la désynchronisation et resynchronisation automatique de la turbine avec le 
réseau électrique principale en utilisant des équipements et systèmes informatiques appartenant 
à différentes entités. Ces systèmes doivent aussi pouvoir assurer le contrôle de la turbine en 
mode isolé (ile électrique) et enfin, pouvoir fournir des analyses de performance du système de 
contrôle, dans les modes isolé et connecté, dans des conditions de charge variable.  
 
Le travail présenté dans cette thèse se focalise sur une partie de la modélisation nécessaire au 
premier cas d’utilisation du projet ITEA 3 OpenCPS. Il s’agit, en particulier, du développement 
de modèles pour la simulation de systèmes de contrôle en mode isolé et en resynchronisation 
avec le réseau électrique principale. Ces modèles sont développés en utilisant Modelica, en 
considérant les signaux d’entrées comme provenant de PMU (Phasor measurement unit). Les 
systèmes de contrôle sont modélisés avec une architecture centralisée, qui reçoit les signaux de 
différents PMUs et s’ajoutent aux systèmes de contrôle existants pour le fonctionnement des 
turbines à gaz comme sources d’énergie distribuées dans le réseau électrique de distribution. 
 
Les systèmes de contrôle pour la resynchronisation automatique ont été développés en 
Modelica, et ont été testés sur les modèles de réseaux électriques développés avec la 
bibliothèque OpenIPSL  (Open Instance Power System Library). Les performances de ces 
systèmes de contrôle ont été analysées en prenant en compte les incertitudes sur la 
consommation électrique. Ces incertitudes ont été modélisées comme variations aléatoires de 
type gaussien, en utilisant leurs propriétés stochastiques (moyenne et variance) pour définir 
leur niveau. Ainsi en comparant les résultats obtenus avec différents niveaux de variations, les 
systèmes de contrôle ont pu être analysées sur une matrice de points d’opérations (dispatch). 
Aussi, un système de contrôle en mode isolé a été développé en Modelica. La fonction 

principale de ce système est de stabiliser la fréquence sur la partie isolée du réseau autour de la  

fréquence de référence (50 Hz). 
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Notations 

 
 

EU:                   European Union 
OpenIPSL:       Open Instance Power System Library 
CPS:                 Cyber physical systems  
SGAM:             Smart Grid Architecture Model 
DN:                   Distribution Network 
TN:                   Transmission Network 
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DAE:                 Differential algebraic equation 
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Hz:                     Hertz 
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PSS:                   Power system Stabilizer 
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GENSAL:          Salient pole generator model 
SEXS:                Simplified Excitation System 
HYGOV:           Hydro governor model 
MSL:                 Modelica Standard Library 
Dymola :            Dynamic Modelling Laboratory   
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Chapter 1  
 

1. Introduction 
 

1.1. Background and motivation 

 

In power network the stability is the most important factor when it comes to re-synchronizing 
an islanding a distribution network to the main transmission grid. Both the resynchronization 
and islanding operations are required to secure the overall network so that consumers are not 
affected due to interruption in the power flow. An intentional islanding of the distribution 
network is preferred when a fault occurs in the main transmission network [1]. If the 
distribution network is not islanded from main grid, both frequency and voltage oscillation will 
make the system unstable which might cause a blackout in the overall network. The 
resynchronization procedure should be conceptually similar to the traditional synchronization 
approach of SMs by gradually acting on the external references for the local control system [2]. 
So while closing the circuit breaker to resynchronize two separate power networks it is 
required to maintain the following conditions: 

a. Permissible voltage magnitude difference between two sides 
b. The frequency difference of two sides 
c. The phase angle difference between two bus voltages 

 
If these above conditions are not maintained correctly, before closing the breaker, it will make 
the complete power network unstable creating disturbance which might damage the equipments 
in the system. For example, while re-synchronizing if one side has higher frequency than the 
other side, then the generator at that side has higher speed compared to low frequency side 
generator. Thus when these two sides are resynchronized the low speed generator will speed up 
and the high speed generator will speed down. The increase in the frequency or decrease in 
frequency will cause generator to speed (N in rpm) up or down due to the following equation 
(1). Where P is the number of pole pares, N is the synchronous speed in rpm and f is frequency 
in Hz. 

� = 120
�

�
  ---------- (1) 
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If the frequency difference is very high between two sides it will create oscillation which may 
cause system to become unstable. 
the generator high torque is
generator or transformer winding. This may cause serious damage in to the transformers and 
generators. 

Voltage magnitude control during resynchronization is 
separate power network having 
flow the from the higher voltage system to low voltage system
reactive power flow field current 
to significant power swing in 
network.  

We know that if the voltage at the sending node V
by angle θ then the power (PR

equation (2) (considering a 
resistance), where X is the reactance of the line.

The most important amongst all the
difference. If the voltage phase angle difference between the buses is not reduced to a very 
small value before closing the circuit breaker, then a very high 
through the causing damage in
flow. Therefore it is always desired to have 
possible or close to zero. 

                                                                               Grenoble Institute of Technology

If the frequency difference is very high between two sides it will create oscillation which may 
cause system to become unstable. As we know that due to sudden speed up or speed down of 

is created which may cause sudden current to increase in the 
generator or transformer winding. This may cause serious damage in to the transformers and 

Voltage magnitude control during resynchronization is also very crucial. Re
separate power network having sufficient voltage difference will result in reactive power 

the from the higher voltage system to low voltage system [3]. Due to increase in the 
reactive power flow field current in the excitation system will increase which can further lead 
to significant power swing in the system causing loss in synchronism of the complete power 

if the voltage at the sending node Vs leads the voltage VR at the receiving node 

R) flowing from sending end to receiving end
 case of a medium or long transmission line ignoring the line 

here X is the reactance of the line. 

�� =
��	��

�
sin � ---------- (2) 

important amongst all the three resynchronization factors is the voltage phase angle 
If the voltage phase angle difference between the buses is not reduced to a very 

small value before closing the circuit breaker, then a very high transient 
in the insulation of equipment due to sudden rise in the real power 

Therefore it is always desired to have voltage phase angle difference as minimum as 

Figure 1: The SGAM architecture 
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If the frequency difference is very high between two sides it will create oscillation which may 
due to sudden speed up or speed down of 

created which may cause sudden current to increase in the 
generator or transformer winding. This may cause serious damage in to the transformers and 

Re-synchronizing two 
voltage difference will result in reactive power to 

Due to increase in the 
will increase which can further lead 

the system causing loss in synchronism of the complete power 

at the receiving node 
end can be written as in 

case of a medium or long transmission line ignoring the line 

is the voltage phase angle 
If the voltage phase angle difference between the buses is not reduced to a very 

transient current can flow 
due to sudden rise in the real power 

difference as minimum as 
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The controllers for the automatic resynchronization have been developed and simulated in a 

network shown in the Figure 2 based on the SGAM architecture represented in Figure 1. The 

SGAM is the main response to the EU Mandate M/490 for the development of a framework to 

support European smart grid deployment [4]. The SGAM consists of five interoperability 

layers representing business objectives and processes, functions, information exchange and 

models, communication protocols, and components. To be more specific the network is a part 

of the component layer and deals with the process and the field zones within the component 

layer 

 

 

1.1. Objective 

 

This thesis work is a part of OpenCPS project with Use Case 1, where following scenarios have 

been simulated. Scenario A: automatic Re-synchronization control for an islanded distribution 

network and Scenario B: Islanded operation. 

In the Figure 2 G1 is the generator connected to the main grid, which is connected to the IB 

(Infinite Bus). There are basically two circuit breakers between the transmission and 

distribution side of the network. G1 is a hydro power generator, containing a hydro governor 

and a salient pole generator model (GENSAL). The G22 is considered as a DER (Distributed 

energy resource) in the distribution side containing one gas turbine governor and a GENSAL. 

There are constant voltage sensitive loads in both the sides of transmission and distribution 

network. The circuit breaker B2 is one in the vicinity of the transmission network and it is 

always closed so that the transmission line L3 between the transmission and distribution 

network remains energized, which will essentially cause less voltage fluctuation when the 

circuit breaker (CB) 1 is closed or opened. The controllers are placed within the G22 model to 

control the circuit breaker 1, so that the DN (Distribution Network) can easily be 

resynchronized or islanded to the main grid. 

During the thesis work two types of automatic resynchronization controllers have been 

developed to operate the circuit breakers seamlessly in an islanded distribution network to 

successfully re-synchronize. In addition an islanded controller has also been developed 

including islanding detection by the power plant and switchover from connected to islanded 

mode by maintaining the frequency of the distribution network at 50 Hz.  
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Figure 2: The network model in Modelica 

 

1.2. Outline of the Thesis: 

The thesis work has been organized in the following way. The software environments that have 

been used during the thesis have been discussed in Chapter 2. Chapter 3 covers the controller 

descriptions with their components which are proposed to resynchronize an island distribution 

network, followed by their Dymola implementation. In Chapter 4 PSS/E model of the network 

with power flow results have been provided along with a method to create Modelica records 

(which is a way to store data in a model keeping the data separate from model) in the Modelica 

model. Few case studies have been discussed and analyzed in the Chapter 5. Finally the thesis 

is ended with conclusion and future work in Chapter 6. 
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Chapter 2 

        

 

2.  Software Environment 

 
 
This chapter provides a very brief introduction to the main software environment used in the 
case studies of the thesis. At fist in this chapter some information about Modelica language and 
Dymola has been provided followed by Modelica Standard Library, Noise Library and solvers. 
Here it is also been discussed why Modelica is a choice for power system modelling. In the 
next part of this chapter a brief introduction of few OpenIPSL models are provided which are 
used to build the complete power system model of the network. Finally here the reason for 
using other software environments like PSS/E or Power System Simulator for Engineer, 
MATLAB and Python has been discussed. 

2.1. Introduction to Modelica and Dymola 

Modelica is primarily an object oriented, acusal, equation based, open source modelling 
language that allows complete specification of complex mathematical and natural problems. 
Since Modelica offers equation statements rather than assignment statement it is called acausal 
modelling language. One of the most important features of Modelica is its multi-domain 
modelling, in which several different domains such as, e.g., electrical, mechanical, 
thermodynamic, hydraulic and control applications can be connected and modelled together. 
Moreover, a Modelica model doesn’t depend upon several model solvers (for example: 
DASSL, Runge-Kutta); this makes Modelica very powerful for modelling [5]. 
 
Dymola or the Dynamic Modelling Laboratory provides the most complete support for the 
Modelica language. Dymola integrates modelling, analysis, simulation and result evaluation 
seamlessly. At present there are different Modelica simulation platforms available in open 
source and commercially. In this work the power system modelling has been done in Dymola. 
Basically Dymola has been developed by the European company Dassault Systèmes [6].  
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A flat model is something which is a translated by a translator form of Modelica code or .mo 
file. This flat model does not include any object-oriented structure but includes a set of 
equations. The equation analyzer resolves this flat model and provides sorted set of equations. 
Next these sorted set of equations are passed into the optimizer, which optimizes the sorted 
equations. After this optimization process only few numbers of equations are left which are 
then passed into the Code Generator that converts these equations into C code. Next C 
compilers compile these C codes and provide the simulation results. 
 

 
Figure 1: Translation stages from Modelica code to executing simulation [5] 

 

2.1.1. Motivation to use Modelica for power system modelling 

Using Modelica all the power system models can be developed using formal mathematical 

description. It also separates the model from the solver [7]. The models developed in Modelica 

use an explicit mathematical representation which makes the model representation simple and 

easy. It also facilitates in smooth simulation of the models [8]. Modelica also allows users to 

access the code of the model and makes modelling flexible. Most importantly Modelica models 

can be used through Functional Mockup Interface (FMI), which is a standard for model 

exchange between different tools. So all models developed in Modelica can be reused within 

different software tools [8].  Modelica also allows acausal modelling since Modelica is based 

on equation statements instead of assignment statements. These features of Modelica motivate 

to use this software for Power system modelling and simulation. 

 

2.1.2. Modelica Libraries 

Modelica Standard Library (MSL) is a free library developed together with the Modelica 

language from the Modelica Association. To use this MSL a Modelica simulation environment 

is required. The model components from different engineering domains in MSL allow to 
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develop multi-domain modelling which makes Modelica very useful. All the model 

components in Modelica standard library include detail documentation. The modelling window 

allows user to develop a model just by dragging and dropping a model from the library [9]. In 

this thesis some basic blocks have been used from the Modelica Standard Library to develop 

the controllers and the event generation blocks which are discussed in the Chapter 3. 

 

 

Figure 2: Modelica Standard Library (MSL) and Noise Library Structure 

 

2.1.3. Modelica Noise Library 

Modelica Noise Library allows users to model stochastic signal. The structure of the Modelica 

Noise Library is shown in figure 2 along with MSL. Presently this library is integrated with 

Modelica Standard Library 3.2.2 [10]. 

In this thesis to simulate the random load variation white noise has been used. The output of 

this white noise is the same as the output of the normal noise obtained from the Modelica Noise 

Library (The normal noise generates a noise having normal distribution). To analyze the 

performance of the automatic resynchronization controllers in case of random load variation in 

the distribution side, few cases have been studied for the different values of sigma (or the 

standard deviation of the normal distribution) with same noise realization (or the same global 

seed).  
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2.1.4. Dymosim and solvers 

Dymosim stands for Dynamic model simulator. This is the executable code generated by 
Dymola to simulate a model and compute the initial values for the simulation. At present there 
are ten different solvers provided by the simulation setup in Dymola. These solvers are 
basically different integration methods. There are some solvers with fixed step size and some 
are with variable step size. In this thesis work Runge-Kutta of order four and DASSL have 
been used, therefore in this section we will talk about only these two solvers. 
 
The fourth order Runge-Kutta method can be expressed with the equation as shown in the 
equation (3). The fourth-order Runge-Kutta method is generally superior over the second-order 
Runge-Kutta method [11].  In the fourth-order Runge-Kutta method derivative is evaluated 
four times in each step: once at the initial point, twice at trial midpoints, and once at a trial 
endpoint. The final function value is calculated from these derivatives. Runge-Kutta of order 
four is preferred when the power system model includes a probabilistic load in the form of 
noise, since this solver takes less time to simulate the model than DASSL. Since Runge-Kutta 
is a fixed step solver the step size has to be same as the step size of the noise injection, 
otherwise the simulation result will introduce error. The fourth-order Runge-Kutta method 
requires four evaluations of the right-hand side per step h as shown in the equation (3). 
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DASSL or ‘Differential Algebraic System Solver’ can solve successfully solve most of the 
DAEs and ODEs. It is basically a variable-step and variable-order solver. DASSL uses a k-th 
order backward differentiation formula (BDF) to approximate the derivative where k ranges 
from 1 to 5. It can also deal with the stiff system [12]. DASSL is also used as the default solver 
to simulate the models in Dymola. In this thesis DASSL has been used to simulate all models 
except those which include probabilistic load variations.  
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Figure 3: Simulation setup of Dymola 

 

 

 

 

2.2. Introduction to OpenIPSL 

 

The OpenIPSL stands for Open Instance Power System Library which is a library for 

modelling power system in Modelica developed and maintained by SmarTS Lab research 

group of KTH Sweden. This library provides verified power system models and networks, 

which are adopted to phasor modelling approach [13]. 
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Figure 4: Library Structure of OpenIPSL 

All the OpenIPSL models have similar response with other power system simulation software 

models e.g. PSS/E and PSAT. In Modelica library all models require initial guess values that 

are obtained from the solution of the overall model in the steady state. For all OpenIPSL 

models the initial guess values are obtained with the introduction of power flow solution from 

other tool (for e.g. PSS/E).  These values are used to solve initialization problem with the help 

of initial equation [14]. 

 

2.2.1. The OpenIPSL models 

In this section a brief description has been provided for few models, which were used from 

OpenIPSL to develop the complete power system model of the network.  

2.2.2. The Simplified Excitation System (SEXS) 

The simplified excitation system SEXS is used as model for the automatic voltage regulator 

and the excitation system of the synchronous machine. Fig. 5 shows the block diagram of this 

model with the excitation voltage EFD as output. The input VS will be set by the PSS output. 

The variables are described in the Table 1 below. A detail explanation about the excitation 

system can be found in [15]. 
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Figure 5: Block diagram of SEXS 

Table 1: Description of parameter and values of SEXS 

Variable Description Unit 

TA/TB Ratio of power source transient gain reduction (p.u.) 0.1. 
TB Power source transient gain reduction (sec) 1 
K Power source gain (sec) 100 
TE Power source time constant (p.u.) 0.1 

EMAX Power source upper limit (sec) -10 
EMIN Power source lower limit (sec) 10 

 

2.2.3. The GENSAL 

GENSAL or salient pole generator has in total three rotor circuits. In order to represent the 
model in detail, one state variable is introduced for each of the rotor circuit. Additionally, the 
magnetic saturation is only account for d axis. The standard parameters are shown in Table 2 
for this generator model. This generator model has been used in both transmission and 
distribution side of the network. The fundamental derivation of the model can be found in [15] 
and in Chapter 3 of [16]. 
 
 

Table 2: GENSAL variable values and description 

Variable Description Value 
Tpd0 d-axis transient open-circuit time constant (s) 5 

Tppd0 d-axis sub transient open-circuit time constant (s) 0.07 
Tppq0 q-axis transient open-circuit time constant (s) 0.09 

H Inertia Constant (s) 4.28 
D Speed damping 0 

Xd d-axis reactance 1.84 
Xq q-axis reactance 1.75 

Xpd d-axis transient reactance 0.41 
Xppd d-axis sub-transient reactance 0.2 
Xppq q-axis sub-transient reactance 0.2 
XL Leakage reactance 0.12 
S10 Saturation factor at 1.0 pu 0.11 
S12 Saturation factor at 1.2 pu 0.39 
R_a Armature resistance 0 
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2.2.4. The HYGOV 

HYGOV is a hydro governor model that includes hydraulic turbine system. The block diagram 

of this model is shown in the figure 6 below. The values of the model parameters used are 

provided in the following Table 3. This governor type has been used in the transmission side 

generator model G1. A detail description of hydro turbine governor model can be found in 

[15]. 

 

Figure 6: Block diagram of HYGOV 

Speed input to the hydro-governor is connected to the speed of the synchronous machine speed. 
The initial output of the integrator in the turbine system of HYGOV is set to the output 
mechanical power of the synchronous machine.  

Table 3: Parameter description and values of HYGOV 

variable Description value 

R Permanent droop (pu) 0.05 
r Temporary droop (pu) 0.3 

T_r Governor time constant (s) 5 
T_f Filter time constant (s) 0.05 
T_g Servo time constant (s) 0.5 

VELM Gate open/close velocity limit 0.2 
G_MAX Maximum gate limit 0.9 
G_MIN Minimum gate limit 0 

T_w Water time constant 1.25 
A_t Turbine gain 1.2 

D_turb Turbine damping 0.2 
q_NL Water flow at no load 0.08 
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2.2.5. The IEESGO 

 
IEESGO or IEEE standard turbine-governor model is a simple configuration that is used to 
represent both reheat steam turbine and a simplified hydro plant. The block diagram, parameter 
sheet and initial procedure are provided below. The values of the standard parameters are 
shown in Table 4. This governor model has been used in the distribution side generator model 
G22. A detail description about this governor model can be found in [17]. 

 

Figure 7: Block diagram of IEESGO 

 

Table 4: Parameter description and values of IEESGO 

variable Description value 

T_1 Controller lag (s) 0.2 
T_2 Controller lead compensation (s) 0 
T_3 Governor lag (s) 0.5 

T_4 
Delay due to steam inlet volumes associated with 

steam chest and inlet piping (s) 
0.12 

T_5 Re-heater delay including hot and cold leads (s) 5 

T_6 
Delay due to IP-LP turbine, crossover pipes and LP 

end hoods (s) 
0.5 

K_1 Maximum gate limit (p.u.) 20 
K_2 Minimum gate limit (p.u.) 0.59 
K_3 Water time constant (s) 0.43 

P_MAX Upper power limit (p.u.) 0.11 
P_MIN Lower power limit (p.u.) 0 
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2.3. Motivation to use PSS/E, Python and MATLAB  

PSS/E or Power System Analysis for Engineer package is a power system simulation and 
analysis tool for power transmission operations and planning.  It allows users to perform 
different types of analysis that includes power flow analysis, dynamics, short circuit, 
contingency analysis, optimal power flow, voltage stability, transient stability simulation etc 
[18]. In the thesis PSS/E has been used to execute power flow of the network. During power 
flow study in PSS/E, the equations a network are represented as constant admittance matrix.  
 
A pre-written Python code has been used that calls PSS/E to open .raw files and generate the 

Modelica records. Modelica records are useful because these help in keeping power flow data 

separated from model. This has been discussed further in the Chapter 4. Finally MATLAB has 

been used to plot data to study and analyze the performance of the controllers. 
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Chapter 3   

 

                

3. Theories & controller development in 

Modelica language 
 

 

 

In this chapter a brief description has been provided for the controllers developed using 

Modelica language. The simulation set-up for both automatic resynchronization and islanding 

detection has also been discussed here using the event generation blocks. 

 

3.1. Frequency calculation technique from the bus angle 

If the bus frequency is calculated from the bus angle directly then we will get the wrapped 

angle which is to be unwrapped. Since the derivative of the bus angle provides the frequency, 

therefore the derivative of this wrapped angle introduces spike in the frequency calculation. 

If Vi and Vr represents the imaginary and real values for the bus voltage respectively then the 

bus angle (�) can be calculated from these two values from this following equation (4), 
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� = tan��
��

��
 --------- (4) 

If ω be frequency of the bus voltage then the first order derivative of the bus angle or �̇ 

represents the frequency of the bus. Therefore the bus frequency can be represented in the 

following equation (5). 

 

ω = �̇ =
����̇ �����̇

�������
 --------- (5) 

 

 

Figure 8: Modelica block implementation to simulate the complex rotating phasor 

In the above simulation we have simulated the bus voltage as a complex phasor having real and 

imaginary part which is obtained from the complex to real block. 

 

Figure 9: Plot of angular velocity of bus voltage phasor and calculated frequency plot 

 

It is found that the bus frequency calculated from the bus voltages is same as the angular 

velocity of the bus voltage phasor. The output of the integrator provides the unwrapped angle 

which is the unwrapped frequency of the bus voltage. 
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3.2. The automatic resynchronization controller

The block diagram of the automatic 

contains one voltage control unit, one frequency control unit and one angle control unit. Inside 

this activating unit voltage limit, angle limit and frequency limit is checked. The activating unit 

plays the key role to start the frequency control and the angle con

checked from the three control units. The output of the internal logic equation block is the 

Boolean signal that goes to the 

the main transmission grid. A basic schematic of this controller is shown in the figure 10.

The input to the voltage control unit is the 

transmission network side bus and the distribution network

control unit is the frequency difference 

distribution side bus frequency

transmission network side bus

angle. In this Thesis two types of resynchronization controllers ha

Figure 10: Schematic of the a

3.2.1. The Sequential controller

This control is designed to start the voltage controller first. The voltage con

when the resynchronization process starts

frequency control is activated and if the output of the frequency control 

successfully the angle control is activated. The 

activate the frequency control and angle control in sequence. Since the voltage control, 

frequency and angle control works in 

controller. 
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synchronization controller 

utomatic resynchronization controller is shown in below. It basically 

one voltage control unit, one frequency control unit and one angle control unit. Inside 

this activating unit voltage limit, angle limit and frequency limit is checked. The activating unit 

plays the key role to start the frequency control and the angle control once the limits are 

checked from the three control units. The output of the internal logic equation block is the 

signal that goes to the circuit breaker 1 to resynchronize the distribution network to 

A basic schematic of this controller is shown in the figure 10.

The input to the voltage control unit is the voltage differences between the two bus

bus and the distribution network side bus. The input to the frequency

control unit is the frequency difference between transmission side bus frequency

frequency, and the angle control input is the angular difference between 

bus voltage angle and the distribution networ

two types of resynchronization controllers have been developed.
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start the voltage controller first. The voltage con

when the resynchronization process starts. After the voltage control is done successfully, 

requency control is activated and if the output of the frequency control 
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esynchronization controller is shown in below. It basically 

one voltage control unit, one frequency control unit and one angle control unit. Inside 

this activating unit voltage limit, angle limit and frequency limit is checked. The activating unit 

trol once the limits are 

checked from the three control units. The output of the internal logic equation block is the 

reaker 1 to resynchronize the distribution network to 

A basic schematic of this controller is shown in the figure 10. 

voltage differences between the two buses i.e. the 

bus. The input to the frequency 

side bus frequency and the 

, and the angle control input is the angular difference between 

and the distribution network side bus voltage 

been developed. 

 

 

start the voltage controller first. The voltage controller starts acting 

is done successfully, the 

requency control is activated and if the output of the frequency control limit is checked 

ctuating unit plays the key role to 

activate the frequency control and angle control in sequence. Since the voltage control, 

called the Sequential 
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3.2.2. The Parallel controller 

This control is designed to control voltage and the frequency controller at the same time when 

the resynchronization process starts. After the voltage limit and the frequency limit is checked 

successfully the angle control unit is activated and this is achieved with the help of the parallel 

activating Unit. Since the voltage and the frequency controller works at the same time or in 

parallel and the angle control is activated after the limits for the voltage and frequency 

controllers output limits are checked, this controller is called the parallel controller. 

 

3.2.3. The voltage controller 

The voltage controller is just a simple PI controller. The input to this controller is the difference 

of the two bus voltages (transmission and distribution side bus). The output of this controller is 

applied to the excitation system or the automatic voltage regulator (AVR). The output of the 

AVR (SEXS in our case) is further applied to the field voltage of the generator model 

(GENSAL). A simple block diagram representation of the voltage controller is shown in the 

figure 11 below. 

 

Figure 11: Block diagram of the voltage controller 

The Modelica implementation of this controller is shown in figure 12. In the controller, V_IB is 

the voltage of the transmission side or the infinite bus side in per unit, whereas the voltage of 

the distribution side is represented by V_DN in per unit.  The output of the voltage control unit 

y is applied to the AVR to control the field voltage of the generator. If the Boolean input signal 

to the switch is true then the voltage difference is applied to the PI controller. If the Boolean 

input signal (‘start_voltage’) is false then the input of the PI controller is zero and the output 

also becomes zero. 
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Figure 12: Implementation of the Voltage Controller in Modelica 

Therefore the PI controller output can be expressed as in the table 5 below, 

 
Table 5: Output truth table of voltage controller: 

Boolean Input signal Output of voltage controller (y) 

True y = ∆f. (�� +
��

�
) 

False 0 
 

 

 

3.2.4. The frequency controller 

The frequency controller is also a simple PI controller, whose input is the frequency difference 

of the two sides of the network, i.e. the transmission and the distribution side. The simple block 

diagram representation of this controller is shown in figure 13 below.  

Both the frequency control and angle control outputs contribute to the power control of the 

generator through the speed governor.  
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Figure 13: Block diagram of the frequency controller 

The Modelica implementation of this controller is shown below in figure 14. In this controller, 

f_IB is the frequency of the transmission side or the infinite bus side in rad/s, whereas the 

frequency of the distribution side is represented by f_DN in rad/s.  The output of the frequency 

control unit y is applied to the speed governor which controls the power of the generator. The 

unit conversion unit is block to convert the frequency difference from rad/s to Hz. When the 

Boolean signal output from the Xor gate is true then the frequency difference is applied to the 

PI controller. If the Boolean output of Xor gate is false then the input of the PI controller is 

zero and the output also becomes zero. The output of the Xor gate is true when either of the 

inputs to Xor is true. If booth the signals are true then output of Xor is false. So the output of 

this controller can be represented as shown in the table below. 

 

 

Table 6: Output truth table of the Frequency Controller 

Output of Xor Output of frequency controller (y) 

True y = ∆f. (�� +
��

�
) 

False 0 
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Figure 14: Implementation of the frequency Controller in Modelica 

 

 

3.2.5. The angle controller 

The angle controller is a simple integral controller whose input is the angle difference between 

transmission side and distribution side bus voltage angle. Simple block diagram representation 

of this controller is shown in the figure 15 below. 

 

Figure 15: Block diagram of the angle controller 

The Modelica implementation of this controller is shown in figure 16 below. In the controller, 

the input ‘Theta_diff’ is the angular difference between two bus voltages i.e. the transmission 

side and the distribution side bus voltage in degree. The output of the frequency control unit ‘y’ 

is applied to the speed governor which controls the power of the generator.  
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Figure 16: Implementation of the angle controller in Modelica 

When the Boolean signal output from the Xor gate is true then the frequency difference is 

applied to the integral controller. If the Boolean output of Xor gate is false then the input of the 

integral controller is zero and the output is also becomes zero. The output of the Xor gate is 

true when either of the inputs to Xor is true. If booth the signals are true then output of Xor is 

false. The output of the controller can be written in the following way. 

Table 7: Output truth table of the angle Controller 

Output of Xor Output of angle controller (y) 

True y = ∆θ. ( 
��

�
	) 

False 0 
 

 

 

3.3. The activating unit 

The activating unit plays key role to start the frequency and the angle control. In this unit the 

limit checking is done for all the three control signals. It also triggers the breaker when all three 

limits are true. During this thesis two activating units have been designed. One activating is for 

the Sequential controller and another one is for the Parallel controller. The algorithms for these 

units are discussed below. 
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3.3.1. The sequential activating unit 

The sequential activating unit starts the voltage limit check as soon as the resynchronization 

process starts. After the voltage limit is checked successfully and the output of this voltage 

limit checking block becomes true and the frequency control starts. So the frequency limit 

checking block starts acting when the voltage limit checking block output is true. Similarly 

when the frequency limit checking block output becomes true the angle controller starts and at 

the same time the angle control limit checking block starts. If the outputs of all the limit 

checking blocks become true, the Boolean signal ‘Trigger_Breaker’ becomes true and the 

circuit breaker 1 is closed to resynchronize the DN with the IB network side. Figure 17 shows 

the Modelica implementation. Figure 18 shows the algorithm of this unit. 

 

 

Figure 17: Implementation of sequential activating unit in Modelica 
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Figure 18: Algorithm for the sequential activating Unit 
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3.3.2. The parallel activating unit 

The Modelica implementation of the parallel activating unit is very similar to the sequential 

activating unit. But here both the voltage and frequency limit checking starts as soon as the 

resynchronization process starts. If output of both the frequency limit checking block becomes 

true the angle control starts and at the same time the angle limit checking block is activated. If 

the outputs of all three limit checking blocks become true, the circuit breaker is closed to 

resynchronize the DN with the IB side. Figure 19 is showing the algorithm of this unit 

 

Figure 19: Algorithm for the parallel activating Unit 
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3.4. The event generation blocks 

In this section description of two different event generation blocks have been discussed. In the 

first part the event generation block to simulate the automatic resynchronization process has 

been discussed and in the next part the event generation block to simulate the islanding 

detection process has been discussed. 

3.4.1. The event generation for automatic resynchronization 

operation 

The event generation block has been used to simulate the event or the simulation set-up for 

resynchronization process and its Modelica implementation is shown in figure 20. The circuit 

breaker 2 is always closed and it keeps the line (L3) energized between two networks. The 

circuit breaker 1 is controlled with the following logic. Initially for first 6 seconds the breaker 

is closed. After that it is open. At 6.01 seconds the resynchronization process starts and the 

Boolean signal ‘Start_Resynch’ becomes true. When the output from the activating unit 

becomes true, the breaker is closed. The f_IB and f_DN are the blocks calculating the 

frequencies of the two sides of the network. The outputs y1 and y2 from these frequency 

calculation blocks are applied to the Generator G22. 

 

 

Figure 20: Event Generation block for automatic resynchronization (or simulation set-up) implementation in Modelica 
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3.4.2. The event generation to simulate islanding detection: 

To simulate the islanding detection process the event generation block in figure 21 has been 

used. f_DN block calculates the frequency of the distribution side of the network. A Boolean 

true signal is always applied to the circuit breaker 2 to energize the line L3 interconnecting the 

transmission and distribution network. The output of the NOR gate is applied to the breaker 1 

to control it. The input to the frequency limit check block is just the frequency difference 

between the load frequency (which is same as the frequency of the distribution network) and 

the set frequency (which is 50 HZ). Initially the breaker 1 is closed. If the output of the 

frequency limit checking block becomes true then the output of the NOR gate becomes false 

and the breaker 1 opens to make the distribution network islanded from the transmission 

network. 

 

Figure 21: Event Generation block implementation for Islanding detection (or simulation set-up) in Modelica 

 

 

3.5. The Islanded Controller 

The condition of ‘‘Islanding’’ in distributed generators (DGs) is an electrical phenomenon that 

occurs when the energy injected to the power grid is interrupted due to various factors. During 

the islanded condition DGs continue energizing some or the entire load. Thus, the power grid 
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stops controlling this isolated part of the distribution system (contains both loads and 

generation). Reference [19] shows a possible turbine governor configuration that improves the 

frequency of an islanded power network. The isochronous controller in [19] which is basically 

a PI controller inside the governor system can bring the frequency back to nominal value when 

the system is islanded and it shows better performance over fixed droop and isochronous with 

feedback controller. 

 
In this thesis the Islanded controller is designed to maintain the frequency of any islanded 

network constant which is also a PI controller placed outside the turbine and governor system 

connected to generator. The block diagram of this controller is shown in the figure 22. If the 

frequency of the network goes beyond some particular values as indicated in the table 8, a PI 

controller before the speed governor is activated to maintain the load frequency or the 

distribution network frequency at 50 hertz. A schematic of the islanded controller is shown in 

the figure below. The performance of this controller is analyzed in the chapter 5. The table 

below indicates the frequency range and clearing time for interconnected 60 Hz system [20]. 

 

Table 8: Frequency range and clearing time for interconnected DER 

DER size Frequency range (Hz) Clearing time (s) 

≤ 30 KW 
˃60.5 0.16 
˂59.3 0.16 

˃ 30 KW 
˃60.5 0.16 

˂(59.8-57.0) 0.16 to 300 
˂57.0 0.16 

 

 

 

Figure 22: Schematic diagram of Islanded Controller 
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Chapter 4 

 
 

4. PSS/E and power flow results 
 

 

This chapter provides a brief description for obtaining the power flow results of the test 

network in PSS/E and also recording the power flow data in Modelica model of the network as 

Modelica records using a Python code. 

4.1. Power flow in PSS/E 

The network built and simulated in PSS/E is shown in the figure 22. The original Modelica 

model of the test network consists of two circuit breakers, where the one in the distribution side 

is controlled while the other in the transmission side is always kept closed.  The network built 

in PSS/E consists of only one circuit breaker and it does not have any impact on the overall 

power flow results.  

 

Figure 23: simulated network in PSS/E 

Transmission Network (TN) side Distribution Network (DN) side  



 
M.Sc. Thesis                                                                                                       Grenoble Institute of Technology 

43 | P a g e  
 

For different dispatches from the distribution side generator power flow has been carried out in 

PSS/E to analyze the performance of the controllers. The dispatch has been kept equal to the 

consumption in the distribution side of the network so that the power always flows from the 

transmission to the distribution side. To solve the load flow in PSS/E the solution method 

Newton-Raphson was chosen. 

All power flow results have been recorded in this thesis in the form of tables in Appendix A. 

 

4.2. Recording power flow results as Modelica records 

After the power flow is performed in PSS/E the power flow file is required to be saved as a 
.raw file. A Python code is used to generate the Modelica records from these .raw files for all 
different cases. In order to create the replaceable power flow record in Modelica, one needs to 
create a replaceable Modelica record first as shown in the figure 23. Each record use 
extends Modelica.Icons.Record so that it gets a nice icon. 
 

 

Figure 24: Modelica text to create replaceable Modelica record 

 

 

Figure 25: Storing the power flow data in replaceable Modelica record 

In order to store the power flow data first it is required to drag and drop the replaceable 

Modelica record into the model and then by selecting this record desired power flow records 

can be added to store from the class as shown in the figure 24. 

Name of the 

model- class 
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Chapter 5 

 

                                                          

5. Case studies and Results 
 

In this part of the thesis six main scenarios have been discussed in detail. The following cases 

have been studied. To simulate the load fluctuation Modelica Noise library has been used  

a) Frequency calculation Technique from the bus voltage data 
b) Angle Difference calculation for the bus voltages when connected to Load 
c) Performance analysis for the parallele and sequential controller 
d) Performanance analysis for parallel and sequential controller in case of noise injection 
e) Performance of the Islanding Controller with noise injection. 

 
The above cases are as follows: 

5.1. Case Study 1: Frequency calculation technique from the bus 

voltage data 

As discussed before in the thesis, frequency of the network here has been calculated from the 
bus voltage data. A plot of the distribution side frequency is shown in figure 26 below in per 
unit value which is same as the per unit speed of the generator in the distribution side of the 
network when the distibution side is islanded after 6 seconds . This plot validates that the 
frequency calculation approach from the bus voltage data is correct. A small spike is observed 
in the frequency of the distribution network when the circuit breaker 1 is closed to 
resynchronize the distribution grid with the main transmission network. 
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Figure 26: Plot of frequency and generator (G22) speed when islanded 

  
 

5.2. Case Study 2: Performance analysis for the Parallel and 

Sequential controller 

 

For both the controllers triggering time for different capacities is provided below. It is found 

that the parallel controller takes less time to reconnect compared to the sequential controller for 

different capacities of generation. The following data is recorded when the resynchronization 

process starts at 6.01 sec. The network has been simulated using solver Dassl for interval 

length 0.01 sec.  

 
Table 9:  Data for Parallel Controller (the resynchronization process starts at 0.01 sec) 

 

Parallel Controller 

Dispatch 
(MW) 

voltage 
control starts 

Frequency 
control starts 

Angle control 
starts 

Breaker 
Triggered 

5 6.01 6.01 18.3984 44.696 

5.2 6.01 6.01 18.3983 44.3951 

5.4 6.01 6.01 18.4097 43.7255 

5.6 6.01 6.01 18.3979 43.9369 

5.8 6.01 6.01 18.3944 43.7692 

6 6.01 6.01 19.2093 43.9852 

6.2 6.01 6.01 18.7816 43.7616 

6.4 6.01 6.01 18.6608 43.6943 

6.6 6.01 6.01 18.5854 43.6977 

6.8 6.01 6.01 18.5204 43.7135 
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7 6.01 6.01 18.4732 43.7631 

7.2 6.01 6.01 18.5195 43.7926 

7.4 6.01 6.01 18.6270 43.8175 

7.6 6.01 6.01 18.8486 43.8793 

7.8 6.01 6.01 19.1753 44.0587 

8 6.01 6.01 19.4717 47.4778 

8.2 6.01 6.01 19.7961 48.0868 

8.4 6.01 6.01 18.3662 44.4619 

8.6 6.01 6.01 18.3577 45.7849 

8.8 6.01 6.01 18.3561 51.4290 

9 6.01 6.01 18.3548 61.5703 

9.2 6.01 6.01 21.5677 65.7027 

9.4 6.01 6.01 23.0098 71.6207 

9.6 6.01 6.01 24.1608 84.1207 

9.8 6.01 6.01 25.2189 74.9054 

10 6.01 6.01 26.2463 76.1795 

 

From the table it can be seen that in case of parallel control scheme both the voltage and 

frequency control starts at the same time where as in case of sequential control scheme the 

frequency control starts after the voltage control is done successfully. In case of parallel 

controller for different dispatches the frequency control outputs take almost same time to reach 

and stay within limit to start the angle control except in the cases of very high dispatch (more 

than 9 MW). A MATLAB plot is shown in the figure 27 below to compare the performance for 

both the controllers when there is no load variation (or without noise) in the distribution side. It 

can be seen from the plot that the performance of the Parallel controller is better over the 

Sequential one up to 9MW. Above 9.2 MW the Sequential controller performs better than 

Parallel controller. 

 

Figure 27: Plot of Resynchronization time Vs Dispatch for Parallel and Sequential Controller 
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 From the data in the Table 1 and 2, it is the found that the breaker triggering time is entirely 

dependent upon the time taken by the individual controllers. Again the time taken by each 

controller is based on time taken by their outputs to reach and stay within the limit, set in the 

limit checking blocks inside the activating unit.  

Table 10: Data for Sequential Controller (the resynchronization process starts at 0.01 sec) 

Sequential Controller 

Dispatch 
(MW) 

voltage 
control starts 

Frequency 
control starts 

Angle control 
starts 

Breaker 
Triggered 

5 6.01 18.3983 28.4859 59.0400 

5.2 6.01 18.3985 28.4070 58.9835 

5.4 6.01 18.4114 28.4631 58.9190 

5.6 6.01 18.3932 28.3012 58.8868 

5.8 6.01 18.3884 28.2659 58.8682 

6 6.01 18.3965 28.2560 58.8690 

6.2 6.01 18.3940 28.2472 59.0399 

6.4 6.01 18.3902 28.2478 59.1900 

6.6 6.01 18.3936 24.7409 58.8441 

6.8 6.01 18.3833 24.6406 63.6766 

7 6.01 18.3809 24.5465 66.6541 

7.2 6.01 18.3830 24.4530 61.2593 

7.4 6.01 18.3838 24.3535 57.8108 

7.6 6.01 18.3805 24.2728 57.6351 

7.8 6.01 18.3782 24.1452 57.5803 

8 6.01 18.3794 24.0100 57.5987 

8.2 6.01 18.3743 22.5306 57.6052 

8.4 6.01 18.3651 22.4940 58.0926 

8.6 6.01 18.3687 22.4701 58.8505 

8.8 6.01 18.3584 22.4404 62.4561 

9 6.01 18.3596 22.4166 65.6435 

9.2 6.01 18.3574 22.3877 66.7926 

9.4 6.01 18.3452 24.6605 65.2176 

9.6 6.01 18.3350 24.9888 57.2873 

9.8 6.01 18.3417 25.3591 61.3770 

10 6.01 18.3302 25.8939 66.3363 

 

It is also important to observe that based on different time taken by angle control the triggering 

time varies for different dispatches. The reason for taking different time for angle control is 

because of the frequency control output. In fact the rate of change of the frequency control 

output decides how long the angle control will act. The below plot in figure 29 shows 

frequency control outputs for 10 MW and 7 MW cases with parallel control, when the 

resynchronization starts at 6.01 seconds. It is seen from the plot that for both the dispatches 

even though the frequency control starts at the same time, the rate of change of frequency 

control output for 10 MW case is greater than the rate of change of frequency control output for 

7 MW. So the angle control takes more time to trigger the breaker for10 MW case. The plot in 

figure 28 shows frequency control outputs for 10 MW and 6 MW cases with sequential control, 
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when the resynchronization starts at 6.01 seconds. It is seen from the plot that for both the 

cases the rate of change of frequency control output for 10 MW case is greater than the rate of 

change of frequency control output for 6 MW. So the angle control takes more time to trigger 

the breaker in case of 10 MW. 

 

Figure 28: Rate of Change of frequency control output for 6 MW & 10 MW with Sequential controller  

 

Figure 29: Rate of change of frequency control output for 7 MW & 10 MW with Parallel controller 

 
 

5.3. Case Study 3: Performance analysis for the Islanded controller 

 
The islanded controller is designed to maintain the ditribution network frquency at 50 Hertz 
whenthe distribution network is islanded from the main transmision side. In the following plot 
the frequency of the distribution netwok is plolled when the PI controller is active in the 
proposed islandedcontroller and compared with the frequency of the same network when the 
governor is only playing its role to provide mechanical power to the generator. 
 
To make the distribution side islanded the one event generation block has been used, which has 
already been discussed in the previous chapter. The Boolean signal to the circuit breaker 1 
from this event generation block is also plotted along with the frequency of the distribution 
network.  
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Figure 30: Plot of frequency of the distribution network with and without Islanding Controller 

 

From the above plot it is seen that after 2.02 seconds the distribution network is islanded. As 

soon as the distribution network is islanded from the main network the frequency of the 

distribution network starts decreasing. After few seconds the PI controller starts acting and 

maintains the frequency of the distribution network at 50 Hz. Whereas with only governor in 

the generator it is not possible to maintain the frequency at 50 Hz since an error is found 

between the blue and red curves in the Figure 30. 
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5.4. Case Study 4:  The performance analysis for the Parallel and 

Sequential controller with noise modeling: 

 
To model the random load variation in the distribution side of the network, modelica white 
noise has been used. The resynchronization time has been recorded and plotted in MATLAB 
for different dispatches for different noise levels. The below plots are provided to analyze the 
performance of controllers for different level of random load variation having same noise 
realization or the same global seed. The different level of random load variation is simulated 
with different noise levels or different standerd deviations of a normal distribution. 

 
 
From the plots it is found that the performances of the controllers in case of random load 
variation in the distribution network are very similar as in case of no noise. However for a 
noise realization with standard deviation of 0.004 the resynchronization time is constant up-to 
9 MW dispatch with both the controllers which reflects that the controllers fail to operate 
successfully.  
 
 
 
 
 

Figure 31: MATLAB plot for controllers’ performance for different noiselevel 
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Chapter 6 

 
 

6. Conclusion and Future work 

 

6.1. Conclusion 

During the thesis basically three different controllers were built for an islanded power network. 

Two different types of Resynchronization controllers for automatic resynchronization and in 

addition an Islanded controller to maintain the distribution network frequency constant with 

islanding detection ability. From the MATLAB plots of both the controllers it is found that the 

Parallel controller is faster to reconnect until the dispatch reaches almost 90 percent of the 

maximum loading from distribution side generator, whereas if the dispatch is more than 90 

percent of the maximum loading the Sequential controller acts faster than the Parallel one. 

The Islanded controller also works successfully to island the distribution side from 

transmission side and maintains the distribution network frequency at 50 Hz when there is 

random load variation in the distribution side in the form of Modelica noise. 

From the MATLAB plots it is also found that the the resynchronization controllers perform in a 
very similar way both with constant load (no noise case) and random load variation (in the 
form of modelica noise injection) in the distribution side of the network. But for a noise level 
having standard deviation of 0.004 the resynchronization time is constant for different 
dispatches up-to 9 MW for both the controllers from the distribution side generator, which 
means controllers can not work successfully. The reason is that under the same noise 
realization (or same global seed) for every loading conditions and the angle controller is unable 
to control the angle fluctuation caused by the realization until this specific point in time. 
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6.2. Future work 

Further work must include multi-domain modelling where ThermoPower (21) library will be 

used along with OpenIPSL to simulate the gas turbine governor model in the distribution side 

of the network. Analyzing the performance of both parallel and sequential controller in case of 

multi-domain modelling will be of further interest. Performance of the all the controllers in 

case of multi-domain model with noise injection can also be investigated further.  

A study on multiple realizations (different seeds) of the noise process to establish the mean and 

variance of resynchronization time for different amounts of load noise is also required to 

understand the performance of the Resynchronization controllers in a better way in case of load 

fluctuation in the distribution side of the network. 
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7. Appendix A 
 

The power flow results are provided only for the network with load in the transmission network 

in the place of the infinite bus. The power flows carried out during thesis for the networks with 

infinite bus has not been provided here.  

 

Case 10 MW: 
Bus data: 

Bus 
number 

Bus 
Name 

Bus type  Bus voltage in 
Volt 

Bus angle in 
degree 

Base KV 

1 B1 Swing Bus 1.000000 0.0 24 
2 B2 Non generator Bus 0.960860 -7.206201 220 
3 B3 Non generator Bus 0.938050 -14.89110 220 
4 B4 Non generator Bus 0.939980 -15.226201 220 
5 B5 Non generator Bus 0.875770 -18.359800 220 
6 B6 Non generator Bus 0.971940 -15.256498 220 
7 B7  Generator Bus 1.000000 -14.748300 24 
8 B8 Non generator Bus 0.910260 -18.172001 220 

 

Generator Data: 

Generator name Connected Bus Generated real power 
(MW) 

Generated reactive power 
(MVar) 

G1 B1 60.381001 23.062000 
G22 B7 10 27.599998 

 

Load Data: 

Load Connected bus Real power consumption (MW) Reac power consumption (Mvar) 
LD1 B3 50 10 
Load B5 10 10 
LD2 B8 10 10 

 

 

Case 9.8 MW: 
Bus data: 

Bus 
number 

Bus 
Name 

Bus type  Bus voltage in 
Volt 

Bus angle in 
degree 

Base KV 

1 B1 Swing Bus 1.000000 0.0 24 
2 B2 Non generator Bus 0.961340 -7.176601 220 
3 B3 Non generator Bus 0.938850 -14.81890 220 
4 B4 Non generator Bus 0.940840 -15.146301 220 
5 B5 Non generator Bus 0.878160 -18.203899 220 
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6 B6 Non generator Bus 0.972410 -15.17520 220 
7 B7   Generator Bus 1.000000 -14.677401 24 
8 B8 Non generator Bus 0.912130 -18.024900 220 

 

Generator Data: 

Generator name Connected Bus Generated real power 
(MW) 

Generated reactive power 
(MVar) 

G1 B1 60.162998 22.79600 
G22 B7 9.8 27.135000 

 

Load Data: 

Load Connected bus Real power consumption (MW) Reac power consumption (Mvar) 
LD1 B3 50 10 
Load B5 9.8 9.8 
LD2 B8 9.8 9.8 

 

Case 9.6 MW: 
Bus data: 

Bus 
number 

Bus 
Name 

Bus type  Bus voltage in 
Volt 

Bus angle in 
degree 

Base KV 

1 B1 Swing Bus 1.000000 0.0 24 
2 B2 Non generator Bus 0.961780 -7.147900 220 
3 B3 Non generator Bus 0.939610 -14.753700 220 
4 B4 Non generator Bus 0.941650 -15.073700 220 
5 B5 Non generator Bus 0.880430 -18.058800 220 
6 B6 Non generator Bus 0.972860 -15.101701 220 
7 B7   Generator Bus 1.000000 -14.614600 24 
8 B8 Non generator Bus 0.913960 -17.886398 220 

 

Generator Data: 

Generator name Connected Bus Generated real power 
(MW) 

Generated reactive power 
(MVar) 

G1 B1 59.950001 22.546000 
G22 B7 9.6 26.690998 

 

Load Data: 

Load Connected bus Real power consumption (MW) Reac power consumption (Mvar) 
LD1 B3 50 10 
Load B5 9.6 9.6 
LD2 B8 9.6 9.6 
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Case 9.4 MW: 
Bus data: 

Bus 
number 

Bus 
Name 

Bus type  Bus voltage in 
Volt 

Bus angle in 
degree 

Base KV 

1 B1 Swing Bus 1.000000 0.0 24 
2 B2 Non generator Bus 0.962220 -7.119200 220 
3 B3 Non generator Bus 0.940360 -14.68880 220 
4 B4 Non generator Bus 0.942450 -15.001401 220 
5 B5 Non generator Bus 0.882690 -17.914499 220 
6 B6 Non generator Bus 0.973310 -15.028600 220 
7 B7   Generator Bus 1.000000 -14.552201 24 
8 B8 Non generator Bus 0.915780 -17.748501 220 

 

Generator Data: 

Generator name Connected Bus Generated real power 
(MW) 

Generated reactive power 
(MVar) 

G1 B1 59.737999 22.298000 
G22 B7 9.4 26.249998 

 

Load Data: 

Load Connected bus Real power consumption (MW) Reac power consumption (Mvar) 
LD1 B3 50 10 
Load B5 9.4 9.4 
LD2 B8 9.4 9.4 

 

Case 9.2 MW: 
Bus data: 

Bus 
number 

Bus 
Name 

Bus type  Bus voltage in 
Volt 

Bus angle in 
degree 

Base KV 

1 B1 Swing Bus 1.000000 0.0 24 
2 B2 Non generator Bus 0.962650 -7.091199 220 
3 B3 Non generator Bus 0.941070 -14.628401 220 
4 B4 Non generator Bus 0.943220 -14.934000 220 
5 B5 Non generator Bus 0.884880 -17.777000 220 
6 B6 Non generator Bus 0.973750 -14.960502 220 
7 B7   Generator Bus 1.000000 -14.495101 24 
8 B8 Non generator Bus 0.917560 -17.616301 220 

 

Generator Data: 

Generator name Connected Bus Generated real power 
(MW) 

Generated reactive power 
(MVar) 

G1 B1 59.528999 22.061001 
G22 B7 9.2 25.822002 
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Load Data: 

Load Connected bus Real power consumption (MW) Reac power consumption (Mvar) 
LD1 B3 50 10 
Load B5 9.2 9.2 
LD2 B8 9.2 9.2 

 

Case 9.0 MW: 
Bus data: 

Bus 
number 

Bus 
Name 

Bus type  Bus voltage in 
Volt 

Bus angle in 
degree 

Base KV 

1 B1 Swing Bus 1.000000 0.0 24 
2 B2 Non generator Bus 0.963080 -7.062700 220 
3 B3 Non generator Bus 0.941810 -14.563700 220 
4 B4 Non generator Bus 0.944010 -14.862000 220 
5 B5 Non generator Bus 0.887110 -17.633898 220 
6 B6 Non generator Bus 0.974190 -14.887599 220 
7 B7   Generator Bus 1.000000 -14.432899 24 
8 B8 Non generator Bus 0.919360 -17.479399 220 

 

Generator Data: 

Generator name Connected Bus Generated real power 
(MW) 

Generated reactive power 
(MVar) 

G1 B1 59.316998 21.816000 
G22 B7 9.0 25.386997 

 

Load Data: 

Load Connected bus Real power consumption (MW) Reac power consumption (Mvar) 
LD1 B3 50 10 
Load B5 9.0 9.0 
LD2 B8 9.0 9.0 

 

Case 8.8 MW: 
Bus data: 

Bus 
number 

Bus 
Name 

Bus type  Bus voltage in 
Volt 

Bus angle in 
degree 

Base KV 

1 B1 Swing Bus 1.000000 0.0 24 
2 B2 Non generator Bus 0.963530 -7.033801 220 
3 B3 Non generator Bus 0.942570 -14.495700 220 
4 B4 Non generator Bus 0.944820 -14.786600 220 
5 B5 Non generator Bus 0.889370 -17.486700 220 
6 B6 Non generator Bus 0.974640 -14.811100 220 
7 B7   Generator Bus 1.000000 -14.366899 24 
8 B8 Non generator Bus 0.921160 -17.339102 220 
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Generator Data: 

Generator name Connected Bus Generated real power 
(MW) 

Generated reactive power 
(MVar) 

G1 B1 59.101997 21.566000 
G22 B7 8.8 24.945999 

 

 

 

Load Data: 

Load Connected bus Real power consumption (MW) Reac power consumption (Mvar) 
LD1 B3 50 10 
Load B5 8.8 8.8 
LD2 B8 8.8 8.8 

 

Case 8.6 MW: 
Bus data: 

Bus 
number 

Bus 
Name 

Bus type  Bus voltage in 
Volt 

Bus angle in 
degree 

Base KV 

1 B1 Swing Bus 1.000000 0.0 24 
2 B2 Non generator Bus 0.963950 -7.006000 220 
3 B3 Non generator Bus 0.943280 -14.435200 220 
4 B4 Non generator Bus 0.945580 -14.719100 220 
5 B5 Non generator Bus 0.891530 -17.350201 220 
6 B6 Non generator Bus 0.975070 -14.743001 220 
7 B7   Generator Bus 1.000000 -14.309700 24 
8 B8 Non generator Bus 0.922920 -17.207701 220 

 

Generator Data: 

Generator name Connected Bus Generated real power 
(MW) 

Generated reactive power 
(MVar) 

G1 B1 58.894001 21.332001 
G22 B7 8.6 24.525000 

 

Load Data: 

Load Connected bus Real power consumption (MW) Reac power consumption (Mvar) 
LD1 B3 50 10 
Load B5 8.6 8.6 
LD2 B8 8.6 8.6 

 

Case 8.4 MW: 
Bus data: 

Bus 
number 

Bus 
Name 

Bus type  Bus voltage in 
Volt 

Bus angle in 
degree 

Base KV 

1 B1 Swing Bus 1.000000 0.0 24 
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2 B2 Non generator Bus 0.964370 -6.977800 220 
3 B3 Non generator Bus 0.944000 -14.371399 220 
4 B4 Non generator Bus 0.946350 -14.648101 220 
5 B5 Non generator Bus 0.893710 -17.209602 220 
6 B6 Non generator Bus 0.975510 -14.671102 220 
7 B7   Generator Bus 1.000000 -14.248500 24 
8 B8 Non generator Bus 0.924690 -17.072798 220 

 

 

Generator Data: 

Generator name Connected Bus Generated real power 
(MW) 

Generated reactive power 
(MVar) 

G1 B1 58.682995 21.091999 
G22 B7 8.4 24.099001 

 

Load Data: 

Load Connected bus Real power consumption (MW) Reacpower consumption (Mvar) 
LD1 B3 50 10 
Load B5 8.4 8.4 
LD2 B8 8.4 8.4 

 

Case 8.2 MW: 
Bus data: 

Bus 
number 

Bus 
Name 

Bus type  Bus voltage in 
Volt 

Bus angle in 
degree 

Base KV 

1 B1 Swing Bus 1.000000 0.0 24 
2 B2 Non generator Bus 0.964800 -6.949200 220 
3 B3 Non generator Bus 0.944730 -14.305000 220 
4 B4 Non generator Bus 0.947130 -14.574399 220 
5 B5 Non generator Bus 0.895910 -17.066200 220 
6 B6 Non generator Bus 0.975940 -14.596601 220 
7 B7   Generator Bus 1.000000 -14.184500 24 
8 B8 Non generator Bus 0.926460 -16.935499 220 

 

Generator Data: 

Generator name Connected Bus Generated real power 
(MW) 

Generated reactive power 
(MVar) 

G1 B1 58.469997 20.849001 
G22 B7 8.2 23.670000 

 

Load Data: 

Load Connected bus Real power consumption (MW) Reac power consumption (Mvar) 
LD1 B3 50 10 
Load B5 8.2 8.2 
LD2 B8 8.2 8.2 
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Case 8.0 MW: 
Bus data: 

Bus 
number 

Bus 
Name 

Bus type  Bus voltage in 
Volt 

Bus angle in 
degree 

Base KV 

1 B1 Swing Bus 1.000000 0.0 24 
2 B2 Non generator Bus 0.965210 -6.921600 220 
3 B3 Non generator Bus 0.945430 -14.244501 220 
4 B4 Non generator Bus 0.947880 -14.507001 220 
5 B5 Non generator Bus 0.898040 -16.930801 220 
6 B6 Non generator Bus 0.976370 -14.528501 220 
7 B7   Generator Bus 1.000000 -14.127301 24 
8 B8 Non generator Bus 0.928190 -16.805099 220 

 

Generator Data: 

Generator name Connected Bus Generated real power 
(MW) 

Generated reactive power 
(MVar) 

G1 B1 58.262001 20.618999 
G22 B7 8.0 23.256001 

 

Load Data: 

Load Connected bus Real power consumption (MW) Reac.power consumption (Mvar) 
LD1 B3 50 10 
Load B5 8.0 8.0 
LD2 B8 8.0 8.0 

 

Case 7.8 MW: 
Bus data: 

Bus 
number 

Bus 
Name 

Bus type  Bus voltage in 
Volt 

Bus angle in 
degree 

Base KV 

1 B1 Swing Bus 1.000000 0.0 24 
2 B2 Non generator Bus 0.965640 -6.893300 220 
3 B3 Non generator Bus 0.946150 -14.179300 220 
4 B4 Non generator Bus 0.948650 -14.434500 220 
5 B5 Non generator Bus 0.900200 -16.789801 220 
6 B6 Non generator Bus 0.976800 -14.455100 220 
7 B7   Generator Bus 1.000000 -14.064500 24 
8 B8 Non generator Bus 0.929940 -16.669701 220 

 

Generator Data: 

Generator name Connected Bus Generated real power 
(MW) 

Generated reactive power 
(MVar) 

G1 B1 58.04999 20.381001 
G22 B7 7.8 22.834000 

 

Load Data: 
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Load Connected bus Real power consumption (MW) Reac.power consumption (Mvar) 
LD1 B3 50 10 
Load B5 7.8 7.8 
LD2 B8 7.8 7.8 

 

 

 

Case 7.6 MW: 
Bus data: 

Bus 
number 

Bus 
Name 

Bus type  Bus voltage in 
Volt 

Bus angle in 
degree 

Base KV 

1 B1 Swing Bus 1.000000 0.0 24 
2 B2 Non generator Bus 0.966050 -6.865400 220 
3 B3 Non generator Bus 0.946850 -14.116699 220 
4 B4 Non generator Bus 0.949400 -14.364901 220 
5 B5 Non generator Bus 0.902330 -16.652601 220 
6 B6 Non generator Bus 0.977220 -14.384800 220 
7 B7   Generator Bus 1.000000 -14.004800 24 
8 B8 Non generator Bus 0.931670 -16.537703 220 

 

Generator Data: 

Generator name Connected Bus Generated real power 
(MW) 

Generated reactive power 
(MVar) 

G1 B1 57.840996 20.149000 
G22 B7 7.6 22.420000 

 

Load Data: 

Load Connected bus Real power consumption (MW) Reac.power consumption (Mvar) 
LD1 B3 50 10 
Load B5 7.6 7.6 
LD2 B8 7.6 7.6 

 

 

Case 7.4 MW: 
Bus data: 

Bus 
number 

Bus 
Name 

Bus type  Bus voltage in 
Volt 

Bus angle in 
degree 

Base KV 

1 B1 Swing Bus 1.000000 0.0 24 
2 B2 Non generator Bus 0.966510 -6.835400 220 
3 B3 Non generator Bus 0.947620 -14.039600 220 
4 B4 Non generator Bus 0.950220 -14.280099 220 
5 B5 Non generator Bus 0.904600 -16.498301 220 
6 B6 Non generator Bus 0.977670 -14.298900 220 
7 B7   Generator Bus 1.000000 -13.928500 24 
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8 B8 Non generator Bus 0.933460 -16.391300 220 
 

Generator Data: 

Generator name Connected Bus Generated real power 
(MW) 

Generated reactive power 
(MVar) 

G1 B1 57.615002 19.889999 
G22 B7 7.4 21.976999 

 

 

Load Data: 

Load Connected bus Real power consumption (MW) Reac. power consumption(Mvar) 
LD1 B3 50 10 
Load B5 7.4 7.4 
LD2 B8 7.4 7.4 

 

Case 7.2 MW: 
Bus data: 

Bus 
number 

Bus 
Name 

Bus type  Bus voltage in 
Volt 

Bus angle in 
degree 

Base KV 

1 B1 Swing Bus 1.000000 0.0 24 
2 B2 Non generator Bus 0.966870 -6.810000 220 
3 B3 Non generator Bus 0.948230 -13.992400 220 
4 B4 Non generator Bus 0.950880 -14.226599 220 
5 B5 Non generator Bus 0.906530 -16.380501 220 
6 B6 Non generator Bus 0.978060 -14.245199 220 
7 B7   Generator Bus 1.000000 -13.886600 24 
8 B8 Non generator Bus 0.935100 -16.275400 220 

 

Generator Data: 

Generator name Connected Bus Generated real power 
(MW) 

Generated reactive power 
(MVar) 

G1 B1 57.422001 19.690001 
G22 B7 7.2 21.601000 

 

Load Data: 

Load Connected bus Real power consumption (MW) Reac.power consumption (Mvar) 
LD1 B3 50 10 
Load B5 7.2 7.2 
LD2 B8 7.2 7.2 

 

Case 7.0 MW: 
Bus data: 

Bus 
number 

Bus 
Name 

Bus type  Bus voltage in 
Volt 

Bus angle in 
degree 

Base KV 
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1 B1 Swing Bus 1.000000 0.0 24 
2 B2 Non generator Bus 0.967270 -6.782500 220 
3 B3 Non generator Bus 0.948910 -13.93200 220 
4 B4 Non generator Bus 0.951610 -14.159399 220 
5 B5 Non generator Bus 0.908610 -16.247198 220 
6 B6 Non generator Bus 0.978470 -14.177400 220 
7 B7   Generator Bus 1.000000 -13.829500 24 
8 B8 Non generator Bus 0.936790 -16.146799 220 

 

Generator Data: 

Generator name Connected Bus Generated real power 
(MW) 

Generated reactive power 
(MVar) 

G1 B1 57.215000 19.465000 
G22 B7 7.0 21.198000 

 

Load Data: 

Load Connected bus Real power consumption (MW) Reac.power consumption (Mvar) 
LD1 B3 50 10 
Load B5 7.0 7.0 
LD2 B8 7.0 7.0 

 

Case 6.8 MW: 
Bus data: 

Bus 
number 

Bus 
Name 

Bus type  Bus voltage in 
Volt 

Bus angle in 
degree 

Base KV 

1 B1 Swing Bus 1.000000 0.0 24 
2 B2 Non generator Bus 0.967670 -6.754800 220 
3 B3 Non generator Bus 0.949600 -13.868999 220 
4 B4 Non generator Bus 0.952340 -14.089401 220 
5 B5 Non generator Bus 0.910690 -16.111200 220 
6 B6 Non generator Bus 0.978880 -14.106700 220 
7 B7   Generator Bus 1.000000 -13.769500 24 
8 B8 Non generator Bus 0.938490 -16.015602 220 

 

Generator Data: 

Generator name Connected Bus Generated real power 
(MW) 

Generated reactive power 
(MVar) 

G1 B1 57.005001 19.237000 
G22 B7 6.8 20.792999 

 

Load Data: 

Load Connected bus Real power consumption (MW) Reac.power consumption (Mvar) 
LD1 B3 50 10 
Load B5 6.8 6.8 
LD2 B8 6.8 6.8 
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Case 6.6 MW: 
Bus data: 

Bus 
number 

Bus 
Name 

Bus type  Bus voltage in 
Volt 

Bus angle in 
degree 

Base KV 

1 B1 Swing Bus 1.000000 0.0 24 
2 B2 Non generator Bus 0.968100 -6.725900 220 
3 B3 Non generator Bus 0.950320 -13.798400 220 
4 B4 Non generator Bus 0.953110 -14.011600 220 
5 B5 Non generator Bus 0.912830 -15.967299 220 
6 B6 Non generator Bus 0.979310 -14.027899 220 
7 B7   Generator Bus 1.000000 -13.700700 24 
8 B8 Non generator Bus 0.940210 -15.877498 220 

 

Generator Data: 

Generator name Connected Bus Generated real power 
(MW) 

Generated reactive power 
(MVar) 

G1 B1 56.785999 18.997000 
G22 B7 6.6 20.37500 

 

Load Data: 

Load Connected bus Real power consumption (MW) Reac.power consumption (Mvar) 
LD1 B3 50 10 
Load B5 6.6 6.6 
LD2 B8 6.6 6.6 

 

Case 6.4 MW: 
Bus data: 

Bus 
number 

Bus 
Name 

Bus type  Bus voltage in 
Volt 

Bus angle in 
degree 

Base KV 

1 B1 Swing Bus 1.000000 0.0 24 
2 B2 Non generator Bus 0.968470 -6.699900 220 
3 B3 Non generator Bus 0.950940 -13.746500 220 
4 B4 Non generator Bus 0.953790 -13.953200 220 
5 B5 Non generator Bus 0.914790 -15.844699 220 
6 B6 Non generator Bus 0.979700 -13.969300 220 
7 B7   Generator Bus 1.000000 -13.653400 24 
8 B8 Non generator Bus 0.941850 -15.757899 220 

 

Generator Data: 

Generator name Connected Bus Generated real power 
(MW) 

Generated reactive power 
(MVar) 

G1 B1 56.589001 18.791000 
G22 B7 6.4 19.996000 
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Load Data: 

Load Connected bus Real power consumption (MW) Reac.power consumption (Mvar) 
LD1 B3 50 10 
Load B5 6.4 6.4 
LD2 B8 6.4 6.4 

 

 

Case 6.2 MW: 
Bus data: 

Bus 
number 

Bus 
Name 

Bus type  Bus voltage in 
Volt 

Bus angle in 
degree 

Base KV 

1 B1 Swing Bus 1.000000 0.0 24 
2 B2 Non generator Bus 0.968880 -6.671501 220 
3 B3 Non generator Bus 0.951640 -13.678900 220 
4 B4 Non generator Bus 0.954530 -13.878599 220 
5 B5 Non generator Bus 0.916880 -15.705200 220 
6 B6 Non generator Bus 0.980110 -13.893801 220 
7 B7   Generator Bus 1.000000 -13.588100 24 
8 B8 Non generator Bus 0.943540 -15.623500 220 

 

Generator Data: 

Generator name Connected Bus Generated real power 
(MW) 

Generated reactive power 
(MVar) 

G1 B1 56.374001 18.559000 
G22 B7 6.2 19.589001 

 

Load Data: 

Load Connected bus Real power consumption (MW) Reac.power consumption (Mvar) 
LD1 B3 50 10 
Load B5 6.2 6.2 
LD2 B8 6.2 6.2 

 

Case 6.0 MW: 
Bus data: 

Bus 
number 

Bus 
Name 

Bus type Bus voltage in 
Volt 

Bus angle in 
degree 

Base KV 

1 B1 Swing Bus 1.000000 0.0 24 
2 B2 Non generator Bus 0.969250 -6.645400 220 
3 B3 Non generator Bus 0.952270 -13.625000 220 
4 B4 Non generator Bus 0.955210 -13.818099 220 
5 B5 Non generator Bus 0.918840 -15.580899 220 
6 B6 Non generator Bus 0.980500 -13.833000 220 
7 B7 Generator Bus 1.000000 -13.538500 24 
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8 B8 Non generator Bus 0.945170 -15.502600 220 
 

Generator Data: 

Generator name Connected Bus Generated real power 
(MW) 

Generated reactive power 
(MVar) 

G1 B1 56.174000 18.351000 
G22 B7 6.0 19.209000 

 

 

Load Data: 

Load Connected bus Real power consumption (MW) Reac.power consumption (Mvar) 
LD1 B3 50 10 
Load B5 6.0 6.0 
LD2 B8 6.0 6.0 

 

Case 5.8 MW: 
Bus data: 

Bus 
number 

Bus 
Name 

Bus type  Bus voltage in 
Volt 

Bus angle in 
degree 

Base KV 

1 B1 Swing Bus 1.000000 0.0 24 
2 B2 Non generator Bus 0.969650 -6.617499 220 
3 B3 Non generator Bus 0.952950 -13.560100 220 
4 B4 Non generator Bus 0.955930 -13.746300 220 
5 B5 Non generator Bus 0.920890 -15.445300 220 
6 B6 Non generator Bus 0.980910 -13.760600 220 
7 B7   Generator Bus 1.000000 -13.476400 24 
8 B8 Non generator Bus 0.946840 -15.371500 220 

 

Generator Data: 

Generator name Connected Bus Generated real power 
(MW) 

Generated reactive power 
(MVar) 

G1 B1 55.962002 18.125999 
G22 B7 5.8 18.812000 

 

Load Data: 

Load Connected bus Real power consumption (MW) Reac.power consumption (Mvar) 
LD1 B3 50 10 
Load B5 5.8 5.8 
LD2 B8 5.8 5.8 

 

Case 5.6 MW: 
Bus data: 

Bus 
number 

Bus 
Name 

Bus type  Bus voltage in 
Volt 

Bus angle in 
degree 

Base KV 
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1 B1 Swing Bus 1.000000 0.0 24 
2 B2 Non generator Bus 0.970030 -6.590500 220 
3 B3 Non generator Bus 0.953600 -13.501000 220 
4 B4 Non generator Bus 0.956630 -13.680499 220 
5 B5 Non generator Bus 0.922870 -15.316201 220 
6 B6 Non generator Bus 0.981300 -13.694201 220 
7 B7   Generator Bus 1.000000 -13.538500 24 
8 B8 Non generator Bus 0.948480 -15.246202 220 

 

Generator Data: 

Generator name Connected Bus Generated real power 
(MW) 

Generated reactive power 
(MVar) 

G1 B1 55.756004 17.912001 
G22 B7 5.6 18.426001 

 

Load Data: 

Load Connected bus Real power consumption (MW) Reac.power consumption (Mvar) 
LD1 B3 50 10 
Load B5 5.6 5.6 
LD2 B8 5.6 5.6 

 

Case 5.4 MW: 
Bus data: 

Bus 
number 

Bus 
Name 

Bus type  Bus voltage in 
Volt 

Bus angle in 
degree 

Base KV 

1 B1 Swing Bus 1.000000 0.0 24 
2 B2 Non generator Bus 0.971210 -6.488300 220 
3 B3 Non generator Bus 0.955540 -13.28700 220 
4 B4 Non generator Bus 0.958700 -13.44100 220 
5 B5 Non generator Bus 0.928730 -14.889400 220 
6 B6 Non generator Bus 0.982470 -13.429901 220 
7 B7   Generator Bus 1.000000 -13.17800 24 
8 B8 Non generator Bus 0.953300 -14.804298 220 

 

Generator Data: 

Generator name Connected Bus Generated real power 
(MW) 

Generated reactive power 
(MVar) 

G1 B1 54.959999 17.230000 
G22 B7 5.4 17.283001 

 

Load Data: 

Load Connected bus Real power consumption (MW) Reac.power consumption (Mvar) 
LD1 B3 50 10 
Load B5 5.4 5.4 
LD2 B8 5.4 5.4 
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Case 5.2 MW: 
Bus data: 

Bus 
number 

Bus 
Name 

Bus type  Bus voltage in 
Volt 

Bus angle in 
degree 

Base KV 

1 B1 Swing Bus 1.000000 0.0 24 
2 B2 Non generator Bus 0.970820 -6.534700 220 
3 B3 Non generator Bus 0.954930 -13.37310 220 
4 B4 Non generator Bus 0.958060 -13.538701 220 
5 B5 Non generator Bus 0.926920 -15.048100 220 
6 B6 Non generator Bus 0.982110 -13.550900 220 
7 B7   Generator Bus 1.000000 -13.298100 24 
8 B8 Non generator Bus 0.951790 -14.987300 220 

 

Generator Data: 

Generator name Connected Bus Generated real power 
(MW) 

Generated reactive power 
(MVar) 

G1 B1 55.330002 17.466999 
G22 B7 5.2 17.639000 

 

Load Data: 

Load Connected bus Real power consumption (MW) Reac.power consumption (Mvar) 
LD1 B3 50 10 
Load B5 5.2 5.2 
LD2 B8 5.2 5.2 

 

Case 5.0 MW: 
Bus data: 

Bus 
number 

Bus 
Name 

Bus type  Bus voltage in 
Volt 

Bus angle in 
degree 

Base KV 

1 B1 Swing Bus 1.000000 0.0 24 
2 B2 Non generator Bus 0.971160 -6.510200 220 
3 B3 Non generator Bus 0.955510 -13.324800 220 
4 B4 Non generator Bus 0.958680 -13.484501 220 
5 B5 Non generator Bus 0.928770 -14.932401 220 
6 B6 Non generator Bus 0.982470 -13.496901 220 
7 B7   Generator Bus 1.000000 -13.255699 24 
8 B8 Non generator Bus 0.953340 -14.873400 220 

 

Generator Data: 

Generator name Connected Bus Generated real power 
(MW) 

Generated reactive power 
(MVar) 

G1 B1 55.140995 17.277000 
G22 B7 5.0 17.285000 
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Load Data: 

Load Connected bus Real power consumption (MW) Reac.power consumption (Mvar) 
LD1 B3 50 10 
Load B5 5.0 5.0 
LD2 B8 5.0 5.0 
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8. Appendix B 
This section is containing the Modelica models  

 
1. Network model for automatic resynchronization 

 

 
 
 
 
 
 
 
 
 
 
 
 

Modelica records containing 

the Power flow data 

Simulation set-up for 

automatic resynchronization  

Transmission side generator 

Distribution side generator 

Distribution side load 
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2. Network model for islanding scenario:  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Modelica records containing 

the Power flow data 

Modelica Noise to model 

random load variation in DN 

Simulation set-up for 

islanding operation 

Transmission side load 
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3. Model for generator G22 (distribution side generator model): 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The turbine governor model 

The automatic resynchronization unit 

Excitation system or AVR 

Salient pole generator model 
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4. Model for generator G1 (transmission side generator model): 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Excitation system or AVR 

The hydro governor model 

Salient pole generator model 



 
M.Sc. Thesis                                                                                                       Grenoble Institute of Technology 

73 | P a g e  
 

 

References 
[1] Automatic Reconnection From Intentional Islanding Based on Remote Sensing of Voltage and 

Frequency Signals. G.N.Taranto, Tatiana M.L. Assis. 4, s.l. : IEEE Transsactions on Smart Grid, 

December 2012, Vol. 3, pp. 1877-1884. 

[2] A synchronization controller for grid reconnection of islanded virtual synchronous machines. D'Arco, 

Salvatore and Suul, Jon Are. s.l. : IEEE Conference Publications, 2015. 2015 IEEE 6th International 

Symposium on Power Electronics for Distributed Generation Systems (PEDG). pp. 1-8. 

[3] Voltage Considerations During Generator Synchronizing. Norman T. Stringer, SM IEEE. 3, s.l. : IEEE 

Transactions on Industry Applications, May-Jun 1999, Vol. 35. 

[4] Group, CEN-CENELEC-ETSI Smart Grid Coordination. European Commission. [Online] November 

2012. 

http://ec.europa.eu/energy/sites/ener/files/documents/xpert_group1_sustainable_processes.pdf . 

[5] Fritzson, Peter. Principles of Object-Oriented Modeling and Simulation with Modelica 3.3. s.l. : IEEE, 

19 DEC 2014. ISBN: 9781118989166. 

[6] Dymola - Dassault Systèmes. [Online] https://www.3ds.com/products-

services/catia/products/dymola/. 

[7] Unambiguous Power System Dynamic Modeling and Simulation using Modelica Tools. L. Vanfretti, 

W. Li, T. Bogodorova, and P. Panciatici. s.l. : IEEE PES General Meeting, 2013. 

[8] A Modelica Power System Component Library for Model Validation and Parameter Identification. 

Luigi Vanfretti, Tetiana Bogodorova and Maxime Baudette. s.l. : Modelica®, 2014. The 10th 

International Modelica Conference . pp. 1195-1203. 

[9] Github web page of Modelica Association. [Online] https://github.com/modelica/. 

[10] Modelica Noise Library at Github. Github.com. [Online] https://github.com/DLR-SR/Noise. 

[11] Press, William H., et al. NUMERICAL RECIPES IN C: THE ART OF SCIENTIFIC COMPUTING. s.l. : 

Cambridge University Press. ISBN 0-521-43108-5. 

[12] Comparison of 4 Numerical Solvers for Stiff and Hybrid Systems Simulation. Liu, Liu, Felgner, Felix 

and Frey, Georg. Bilbao, Spain : IEEE, 2010. IEEE 15th Conference on Emerging Technologies & Factory 

Automation (ETFA 2010). pp. 1-8. 

[13] SmarTS-Lab in Github. [Online] https://github.com/SmarTS-

Lab/OpenIPSL/blob/master/docs/index.rst. 

[14] Modelica Implementation and Software-to-Software Validation of Power System Component 

Models Commonly used by Nordic TSOs for Dynamic Simulations. Mengjia Zhang, Maxime Baudette, 



 
M.Sc. Thesis                                                                                                       Grenoble Institute of Technology 

74 | P a g e  
 

Jan Lavenius, Stig Løvlund, Luigi Vanfretti. 2015. Proceedings of the 56th Conference on Simulation 

and Modelling (SIMS 56), October, 7-9, 2015, Linköping University, Sweden. pp. 105-112. 

[15] Kundur, P. Power System Stability and Control . New York : McGraw-Hill, 1994. 

[16] Sauer, P. and Pai, M.A. Power System Dynamics and Stability. s.l. : Prentice Hall, 1998. 

[17] Dynamic Models forTurbine-Governors in Power System Studies . IEEE Task Force on Turbine-

Governor Modeling, PES-TR1. s.l. : IEEE Power & Energy Society, 2013. 

[18] PSS/E Brochure from Siemens PTI. s.l. : Siemens Power Transmission & Distribution Inc., 2017. 

[19] Gas turbine control for islanding operation of distribution systems. Mahat, Pukar, Chen, Zhe and 

Bak-Jensen, Birgitte. Calgary, AB, Canada : Power & Energy Society General Meeting, PES '09. IEEE, 

2009. 

[20] IEEE Standard for Interconnecting Distributed Resources with Electric Power Systems, 1547™-2003. 

Board, IEEE-SA Standards. 2013. ISBN 0-7381-3721-9. 

[21] Casella, Francesco. An open-source Modelica library for the dynamic modelling of thermal power 

plants and energy conversion systems. Github.com. [Online] 

https://github.com/casella/ThermoPower. 

 

 
 
 
 

 

  



 
M.Sc. Thesis                                                                                                       Grenoble Institute of Technology 

75 | P a g e  
 

 

Résumé en Français 

La notion de « systèmes cyper-physiques (CPS) » définit l’ensemble des systèmes qui 
présentent une intégration entre des entités informatiques communicantes, et des processus 
physiques. L’approche CPS a principalement été utilisée dans certains domaines tels que 
l’industrie aérospatiale et militaire pour le design de systèmes. Récemment, cependant, son 
usage s’est répandu dans d’autres domaines, notamment pour le design et l’étude de systèmes 
électriques de puissance.  
Les propriétés spécifiques aux CPS devraient pouvoir largement bénéficier à la transition des 
réseaux électriques de puissance d’aujourd’hui vers les « smart grids » (réseaux intelligents) de 
demain. En effet, les smart grids apportent une intégration plus poussée entre différents 
capteurs, systèmes de contrôle et systèmes de gestion, avec pour objectif de faciliter 
l’intégration des énergies renouvelables. Dans le cadre du projet ITEA 3 OPENCPS (Open 
Cyber-Physical System Model-Driven Certified Development), cette approche est adoptée pour 
le développement de modèles de réseaux de référence pour tester les fonctionnalités de 
l’ensemble des programmes développés pour les cas d’utilisation de smart grids dans 
OPENCPS. 
 
Le premier cas d’utilisation a pour objectif d’illustrer le design de systèmes de contrôle pour 
turbines à gaz dans un contexte de smart grids. En particulier, ces systèmes de contrôle doivent 
pouvoir assurer la désynchronisation et resynchronisation automatique de la turbine avec le 
réseau électrique principale en utilisant des équipements et systèmes informatiques appartenant 
à différentes entités. Ces systèmes doivent aussi pouvoir assurer le contrôle de la turbine en 
mode isolé (ile électrique) et enfin, pouvoir fournir des analyses de performance du système de 
contrôle, dans les modes isolé et connecté, dans des conditions de charge variable.  
 
Le travail présenté dans cette thèse se focalise sur une partie de la modélisation nécessaire au 
premier cas d’utilisation du projet ITEA 3 OpenCPS. Il s’agit, en particulier, du développement 
de modèles pour la simulation de systèmes de contrôle en mode isolé et en resynchronisation 
avec le réseau électrique principale. Ces modèles sont développés en utilisant Modelica, en 
considérant les signaux d’entrées comme provenant de PMU (Phasor measurement unit). Les 
systèmes de contrôle sont modélisés avec une architecture centralisée, qui reçoit les signaux de 
différents PMUs et s’ajoutent aux systèmes de contrôle existants pour le fonctionnement des 
turbines à gaz comme sources d’énergie distribuées dans le réseau électrique de distribution. 
 
Les systèmes de contrôle pour la resynchronisation automatique ont été développés en 
Modelica, et ont été testés sur les modèles de réseaux électriques développés avec la 
bibliothèque OpenIPSL  (Open Instance Power System Library). Les performances de ces 
systèmes de contrôle ont été analysées en prenant en compte les incertitudes sur la 
consommation électrique. Ces incertitudes ont été modélisées comme variations aléatoires de 
type gaussien, en utilisant leurs propriétés stochastiques (moyenne et variance) pour définir 
leur niveau. Ainsi en comparant les résultats obtenus avec différents niveaux de variations, les 
systèmes de contrôle ont pu être analysées sur une matrice de points d’opérations (dispatch). 
Aussi, un système de contrôle en mode isolé a été développé en Modelica. La fonction 

principale de ce système est de stabiliser la fréquence sur la partie isolée du réseau autour de la  

fréquence de référence (50 Hz). 
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