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Peter Fritzson
Principles of Object Oriented 

Modeling and Simulation with 

Modelica 3.3

A Cyber-Physical Approach

Can be ordered from Wiley or Amazon

Wiley-IEEE Press, 2014,    1250 pages

ÅOpenModelica
Åwww.openmodelica.org

ÅModelica Association
Åwww.modelica.org

Tutorial Based on Book, December 2014 

Download OpenModelica Software 

http://www.openmodelica.org/
http://www.modelica.org/
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September 2011

232 pages

2015 ïTranslations

available in

Chinese, 

Japanese, 

Spanish

Wiley

IEEE Press

For Introductory 

Short Courses on

Object Oriented

Mathematical Modeling

Introductory 

Modelica Book
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Acknowledgements, Usage, Copyrights

ÅIf you want to use the Powerpoint version of these slides in 
your own course, send an email to: peter.fritzson@ida.liu.se

ÅThanks to Emma Larsdotter Nilsson, Peter Bunus, David 
Broman, Jan Brugård, Mohsen-Torabzadeh-Tari, Adeel 
Asghar, Lena Buffoni, for contributions to these slides.

ÅMost examples and figures in this tutorial are adapted with 
permission from Peter Fritzson s book Principles of Object 
Oriented Modeling and Simulation with Modelica 2.1 , 
copyright Wiley-IEEE Press

ÅSome examples and figures reproduced with permission 
from Modelica Association, Martin Otter, Hilding Elmqvist, 
Wolfram MathCore, Siemens

ÅModelica Association: www.modelica.org

ÅOpenModelica: www.openmodelica.org

http://www.modelica.org/
http://www.openmodelica.org/
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Outline

Part I

Introduction to Modelica and a 

demo example

Part II

Modelica environments

Part III

Modelica language concepts 
and textual modeling

Part IV and Part V

Graphical modeling and the 
Modelica standard library

Dynamic Optimization
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Detailed Schedule (morning version) 09.00-13.00 

09:00 - Introduction to Modeling and Simulation
Å Start installation of OpenModelica including OMEdit graphic editor

09:10 - Modelica ïThe Next Generation Modeling Language

09:25 - Exercises Part I (15 minutes)
Å Short hands-on exercise on graphical modeling using OMEditïRL Circuit

09:50 ïPart II: Modelica Environments and the OpenModelica Environment

10:10 ïPart III: Modelica Textual Modeling

10:15 - Exercises Part IIIa (10 minutes)
Å Hands-on exerciseson textual modeling using the OpenModelica environment

10:25 ïCoffee Break

10:40 - Modelica Discrete Events, Hybrid, Clocked Properties  (Bernhard Thiele)

11:00- Exercises Part IIIb (15 minutes)
Å Hands-on exercises on textual modeling using the OpenModelica environment

11:20ïPart IV: Components, Connectors and Connections
- Modelica Libraries 

11:30ïPart V Dynamic Optimization (Bernhard Thiele)
Å Hands-on exercise on dynamic optimization using OpenModelica

12:00 ïExercise Graphical Modeling DCMotor using OpenModelica
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Software Installation - Windows

ÅStart the software installation

ÅInstall OpenModelica-1.11.0.exe Download or from 

the USB Stick
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Software Installation ïLinux (requires internet connection)

ÅGo to 

https://openmodelica.org/index.php/download/down

load-linux and follow the instructions.

https://openmodelica.org/index.php/download/download-linux


9 Copyright © Open Source Modelica Consortium

Software Installation ïMAC (requires internet connection)

ÅGo to 

https://openmodelica.org/index.php/download/down

load-mac and follow the instructions or follow the 

instructions written below.

ÅThe installation uses MacPorts. After setting up a 

MacPorts installation, run the following commands 

on the terminal (as root):
Å echo rsync://build.openmodelica.org/macports/ >> 

/opt/local/etc/macports/sources.conf # assuming you installed into /opt/local

Å port selfupdate

Å port install openmodelica-devel

https://openmodelica.org/index.php/download/download-mac
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Part I

Introduction to Modelica and 

a demo example 
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Modelica Background:   Stored Knowledge

Model knowledge is stored in books and human 

minds which computers cannot access

The change of motion is proportional 

to the motive force impressed
ïNewton
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Modelica Background:  The Form ïEquations

ÅEquations were used in the third millennium B.C.

ÅEquality sign was introduced by Robert Recorde in 1557

Newton still wrote text (Principia, vol. 1, 1686)

The change of motion is proportional to the motive force 

impressed 
CSSL (1967) introduced a special form of equation :

variable = expression

v = INTEG(F)/m

Programming languages usually do not allow equations!
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What is Modelica?

ÅRobotics

ÅAutomotive

ÅAircrafts

ÅSatellites

ÅPower plants

ÅSystems biology

A language for modeling of complex cyber-physical systems
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What is Modelica?

A language for modeling of complex cyber-physical systems

Primary designed for simulation, but there are also other 

usages of models, e.g. optimization.
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What is Modelica?

A language for modeling of complex cyber-physical systems

i.e., Modelica is not a tool

Free, open language 

specification: 
There exist several free and commercial 

tools, for example:

ÅOpenModelica from OSMC

ÅDymola from Dassault systems

ÅWolfram System Modeler fr Wolfram MathCore

ÅSimulationX from ITI

ÅMapleSim from MapleSoft

ÅAMESIM from LMS

ÅJModelica.org from Modelon

ÅMWORKS from Tongyang Sw & Control

ÅIDA Simulation Env, from Equa

ÅESI Group Modeling tool, ESI Group

Available at: www.modelica.org 

Developed and standardized

by Modelica Association
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Declarative language
Equations and mathematical functions allow acausal modeling, 

high level specification, increased correctness

Multi-domain modeling
Combine electrical, mechanical, thermodynamic, hydraulic, 

biological, control, event, real-time, etc...

Everything is a class
Strongly typed object-oriented language with a general class 

concept, Java & MATLAB-like syntax

Visual component programming
Hierarchical system architecture capabilities

Efficient, non-proprietary
Efficiency comparable to C; advanced equation compilation, 

e.g. 300 000 equations, ~150 000 lines on standard PC

Modelica ïThe Next Generation Modeling Language
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What is acausal modeling/design?

Why does it increase reuse?

The acausality makes Modelica library classes more  

reusable than traditional classes containing assignment 

statements where the input-output causality is fixed.

Example: a resistor equation:

R*i = v;

can be used in three ways:

i := v/R;

v := R*i;

R := v/i;

Modelica Acausal Modeling
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What is Special about Modelica?

ÅMulti-Domain Modeling

ÅVisual acausal hierarchical component modeling

ÅTyped declarative equation-based textual language

ÅHybrid modeling and simulation
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What is Special about Modelica?

Multi-Domain

Modeling

Cyber-Physical Modeling

Physical

Cyber

3 domains

- electric

- mechanics

- control
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What is Special about Modelica?

Multi-Domain

Modeling

Acausal model

(Modelica)

Causal 

block-based

model

(Simulink)

Keeps the physical 

structure

Visual Acausal

Hierarchical 

Component 

Modeling
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What is Special about Modelica?

Visual Acausal

Hierarchical 

Component 

Modeling

Multi-Domain

Modeling

Hierarchical system

modeling

Courtesy of Martin Otter

Srel = n*transpose(n)+(identity(3) - n*transpose(n))*cos(q) -

skew(n)*sin(q);

wrela = n*qd;

zrela = n*qdd;

Sb = Sa*transpose(Srel);

r0b = r0a;

vb = Srel*va;

wb = Srel*(wa + wrela);

ab = Srel*aa;

zb = Srel*(za + zrela + cross(wa, wrela));
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What is Special about Modelica?

Multi-Domain

Modeling

Typed

Declarative

Equation-based 

Textual Language

A textual class-based language

OO primary used for as a structuring concept 

Behaviour described declaratively using

ÅDifferential algebraic equations (DAE) (continuous-time) 

ÅEvent triggers (discrete-time) 

class VanDerPol  "Van der Pol oscillator model"

Real x(start = 1)  "Descriptive string for xò; 

Real y(start = 1)  "y coordinateò;            

parameter Real lambda = 0.3;

equation

der (x) = y;                  

der (y) = - x + lambda*(1 - x*x)*y;  

end VanDerPol;

Differential equations

Variable

declarations

Visual Acausal

Hierarchical 

Component 

Modeling
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What is Special about Modelica?

Hybrid

Modeling

Visual Acausal

Component

Modeling

Multi-Domain

Modeling

Typed

Declarative

Equation-based 

Textual Language

time

Continuous-time

Discrete-time

Hybrid modeling =  

continuous-time + discrete-time modeling

Clocked discrete-time
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Block Diagram (e.g. Simulink, ...) or 

Proprietary Code (e.g. Ada, Fortran, C,...)

vs Modelica

Proprietary 

Code

Block Diagram

Modelica

Systems 

Definition

System 

Decomposition

Modeling of

Subsystems

Causality

Derivation

(manual derivation of

input/output relations) Implementation Simulation

Modelica ïFaster Development, Lower Maintenance

than with Traditional Tools
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Modelica vs Simulink Block Oriented Modeling

Simple Electrical Model
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Modelica: 

Physical model ï

easy to understand

Simulink :

Signal-flow model ïhard to 

understand 

Keeps the 

physical 

structure
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Graphical Modeling - Using Drag and Drop Composition
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ÅA DC motor can be thought of as an electrical circuit which 

also contains an electromechanical component

model DCMotor

Resistor R(R=100);

Inductor L(L=100);

VsourceDC DC(f=10);

Ground G;

ElectroMechanicalElement EM(k=10,J=10, b=2);

Inertia load;

equation

connect (DC.p,R.n);

connect (R.p,L.n);

connect (L.p, EM.n);

connect (EM.p, DC.n);

connect (DC.n,G.p);

connect (EM.flange,load.flange);

end DCMotor 

 

load 

EM 

DC 

G 

R L 

Multi-Domain (Electro-Mechanical) Modelica Model
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Automatic transformation to ODE or DAE for simulation:

(load component not included)

Corresponding DCMotor Model Equations

The following equations are automatically derived from the Modelica model:
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Model Translation Process to Hybrid DAE to Code

Modelica Model

Flat model Hybrid DAE

Sorted equations

C Code

Executable

Optimized sorted

equations

Modelica 

Model

Modelica 

Graphical Editor
Modelica

Source code

Translator

Analyzer

Optimizer

Code generator

C Compiler

Simulation

Modelica 

Textual Editor

Frontend

Backend

"Middle-end"

Modeling

Environment
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Modelica in Power Generation

GTX Gas Turbine Power Cutoff Mechanism

 

Hello 

Courtesy of Siemens Industrial Turbomachinery AB

Developed 

by MathCore 

for Siemens
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Modelica in Automotive Industry
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Modelica in Avionics
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Modelica in Biomechanics
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Application of Modelica in Robotics Models

Real-time Training Simulator for Flight, Driving

Courtesy of  Tobias Bellmann, DLR, 

Oberphaffenhofen, Germany

Å Using Modelica models 

generating real-time 

code

Å Different simulation 

environments (e.g. 

Flight, Car Driving, 

Helicopter)

Å Developed at DLR 

Munich, Germany

Å Dymola Modelica tool

(Movie demo)
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Å GT unit, ST unit, Drum 
boilers unit and HRSG units, 
connected by thermo-fluid 
ports and by signal buses

Å Low-temperature parts 

(condenser, feedwater 

system, LP circuits) are 

represented by trivial 

boundary conditions.

Å GT model: simple law 

relating the electrical load 

request with the exhaust gas 

temperature and flow rate.

Combined-Cycle Power Plant
Plant model ïsystem level

Courtesy Francesco Casella, Politecnico di Milano ïItaly

and Francesco Pretolani, CESI SpA - Italy
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Attitude control for satellites 

using magnetic coils as actuators

Torque generation mechanism: 

interaction between coils and 

geomagnetic field

Formation flying on elliptical orbits 

Control the relative motion of two or more 

spacecraft

Modelica Spacecraft Dynamics Library

Courtesy of Francesco Casella, Politecnico di Milano, Italy
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System Dynamics ïWorld Society Simulation
Limits to Material Growth; Population, Energy and Material flows 

Å System Dynamics Modelica library by Francois Cellier (ETH), et al in OM distribution.

Å Warming converts many agriculture areas to deserts (USA, Europe, India, Amazonas)

Å Ecological breakdown around 2080-2100, drastic reduction of world population

Å To avoid this: Need for massive investments in sustainable technology and renewable 

energy sources

CO2 Emissions per 

person:

Å USA 17 ton/yr

Å Sweden 7 ton/yr

Å India 1.4 ton/yr

Å Bangladesh 0.3 ton/yr

Left. World3 simulation 

with OpenModelica

Å 2 collapse scenarios 

(close to current 

developments)

Å 1 sustainable scenario 

(green).
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World3 Simulations with Different Start Years

for Sustainable Policies ïCollapse if starting too late
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What Can You Do?
Need Global Sustainability Mass Movement

Å Develop smart Cyber-Physical systems for reduced energy and material footprint

Å Model-based circular economy for re-use of products and materials

Å Promote sustainable lifestyle and technology

Å Install electric solar PV panels

Å Buy shares in cooperative wind power

20 sqm solar panels on garage roof, Nov 2012

Generated 2700 W at noon March 10, 2013

Expanded to 93 sqm, 12 kW, March 2013

House produced 11600 kwh, used 9500 kwh

Avoids 10 ton CO2 emission per year
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Example Electric Cars
Can be charged by electricity from own solar panels

Renault ZOE; 5 seat; Range:

22kw (2014) vs 40 kw battery (2017)

ÅEU-drive cycle 210 km, now 400 km

ÅRealistic Swedish drive cycle:

Å Summer:  165 km,  now 300 km

Å Winter:     110 km,  now 200 km

Cheap fast AC chargers (22kw, 43kw)

Tesla model S

range 480 km

DLR ROboMObil

Å experimental electric car

Å Modelica models
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What Can You Do?
More Train Travel ïLess Air Travel

Å Air travel by Swedish Citizens 

ïabout the same emissions 

as all personal car traffic in 

Sweden!

Å By train from Linköping to 

Munich and back ïsaves 

almost 1 ton of CO2e 

emissions compared to flight

Å Leave Linköping 07.00

in Munich 23.14

More Examples, PF travel 2016:

Å Train Linköping-Paris, Dec 3-

6, EU project meeting

Å Train  Linköping-Dresden, 

Dec 10-16, 1 week workshop

Train 

travel 

Linköping 

- Munich
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Small rectangles ïsurface needed 

for 100% solar energy for humanity
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Sustainable Society Necessary for Human Survival

Almost Sustainable

Å India,  recently 1.4 ton C02/person/year

Å Healthy vegetarian food

Å Small-scale agriculture

Å Small-scale shops

Å Simpler life-style (Mahatma Gandhi)

Non-sustainable

Å USA 17 ton CO2, Sweden 7 ton CO2/yr

Å High meat consumption (1 kg beef uses ca 

4000 L water for production)

Å Hamburgers, unhealthy , includes beef

Å Energy-consuming mechanized agriculture

Å Transport dependent shopping centres

Å Stressful materialistic lifestyle

Gandhi ïrole model for

future less materialistic

life style
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Brief Modelica History

ÅFirst Modelica design group meeting in fall 1996
Å International group of people with expert knowledge in both language design 

and physical modeling

Å Industry and academia

ÅModelica Versions
Å 1.0 released September 1997

Å 2.0 released March 2002

Å 2.2 released March 2005

Å 3.0 released September 2007

Å 3.1 released May 2009

Å 3.2 released March 2010

Å 3.3 released May 2012

Å 3.2 rev 2 released November 2013

Å 3.3 rev 1 released July 2014

Å 3.4 planned spring 2017

ÅModelica Association established 2000 in Linköping
ÅOpen, non-profit organization
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Modelica Conferences

Å The 1st International Modelica conference October, 2000 

Å The 2nd International Modelica conference March 18-19, 2002  

Å The 3rd International Modelica conference November 5-6, 2003 in Linköping, 
Sweden

Å The 4th International Modelica conference March 6-7, 2005 in Hamburg, Germany

Å The 5th International Modelica conference September 4-5, 2006 in Vienna, Austria

Å The 6th International Modelica conference March 3-4, 2008 in Bielefeld, Germany

Å The 7th International Modelica conference Sept 21-22, 2009 in Como, Italy

Å The 8th International Modelica conference March 20-22, 2011 in Dresden, Germany

Å The 9th International Modelica conference Sept 3-5, 2012 in Munich, Germany

Å The 10th International Modelica conference March 10-12, 2014 in Lund, Sweden

Å The 11th International Modelica conference Sept 21-23, 2015 in Versailles, Paris

Å The 12th International Modelica conference planned May 15-17, 2017 in Prague, 
Czech Republic
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Exercises Part I

Hands-on graphical modeling

(15 minutes)
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Exercises Part I ïBasic Graphical Modeling

Å (See instructions on next two pages) 

Å Start the OMEdit editor (part of OpenModelica)

Å Draw the RLCircuit

Å Simulate

A
C

R=10

R1

L=0.1

L

G

L=1R=100

SimulationThe RLCircuit
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Exercises Part I ïOMEdit Instructions (Part I)

Å Start OMEdit from the Program menu under OpenModelica

Å Go to File menu and choose New, and then select Model.

Å E.g. write RLCircuit as the model name.

Å For more information on how to use OMEdit, go to Help and choose 

User Manual or press F1.

ÅUnder  the Modelica Library:   

ÅContains The standard Modelica library components

ÅThe Modelica files contains the list of models you 

have created. 
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Exercises Part I ïOMEdit Instructions (Part II)

Å For the RLCircuit model, browse the Modelica standard library and add 

the following component models:

Å Add Ground , Inductor and Resistor component models from 

Modelica.Electrical.Analog.Basic package.

Å Add SineVoltage component model from Modelica.Electrical.Analog.Sources 

package.

Å Make the corresponding connections between the component models 

as shown in the previous slide.

Å Simulate the model

Å Go to Simulation menu and choose simulate or click on the simulate button in the 

toolbar.

Å Plot the instance variables

Å Once the simulation is completed, a plot variables list will appear on the right side. 

Select the variable that you want to plot.
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Part II

Modelica environments and OpenModelica
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Courtesy

Wolfram 

Research

Å Wolfram Research

Å USA, Sweden

Å General purpose

Å Mathematica integration

Å www.wolfram.com

Å www.mathcore.com

Car model graphical view

Wolfram System Modeler ïWolfram MathCore

Mathematica

Simulation and 

analysis

http://www.wolfram.com/
http://www.mathcore.com/
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Å Dassault Systemes Sweden

Å Sweden

Å First Modelica tool on the market

Å Initial main focus on automotive 

industry

Å www.dymola.com

Dymola
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Simulation X

Å ITI Gmbh (Just bought by ESI 

Group)

Å Germany

Å Mechatronic systems

Å www.simulationx.com



55 Copyright © Open Source Modelica Consortium

MapleSim

Å Maplesoft

Å Canada

Å Recent Modelica tool on the 

market

Å Integrated with Maple

Å www.maplesoft.com
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The OpenModelica Environment

www.OpenModelica.org

http://www.openmodelica.org/
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OpenModelica ïFree Open Source Tool
developed by the Open Source Modelica Consortium (OSMC)

Å Graphical editor

Å Model compiler

and simulator

Å Debugger

Å Performance 

analyzer

Å Dynamic optimizer

Å Symbolic modeling

Å Parallelization

Å Electronic 

Notebook and 

OMWebbook

for teaching

Å Spokentutorial for 

teaching

EngineV6 11116

equation model


