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Definitions
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Modelica

� Object-Oriented modeling language

� Modelica Standard Library

Developed and supported by Modelica Association
www.modelica.org

8th International Modelica Conference,
March 20th - 22nd, 2011

Literature:

� Michael Tiller, Introduction to Physical Modeling
with Modelica Kluwer Academic Publisher

� Peter Fritzson, Priciples of Object Oriented
Modeling and Simulation with Modelica
Wiley IEEE press
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ModelicaStandardLibrary (MSL)

� MSL provided by Modelica Association
� Current version 3.1

� MSL includes basic components of various 
physical areas
� Electrical

� Magnetic

� Mechanics

� Thermal
� SIunits

� Constants

� etc ...
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Dymola

� Modeling and Simulation tool based on Modelica
� Graphical editor

� Symbolic transformation + compiling

� Simulation and graphical plot
� Windows or Linux

� Developed and supported by Dassault Systems
Based on the work of Hilding Elmqvist, Lund, Sweden
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Modeling Environment
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Object-Oriented Modeling

� Each icon represents a physical 
component

� Connectors are the interfaces to 
environment

� Connections correspond to physical 
connections

component
connection

connector
parameter
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Dymola Diagram Layer
info

code/text

diagram

icon

libraries Modeling/Simulation
Windows
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Dymola Text Layer

Modelica 
Code
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Dymola Modeling

Diagram 
Layer

Text
Layer
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Dymola Modeling
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Dymola Simulation Window

variables

simulate

plot window

command 
line

settings
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Basics of Modelica
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Modeling and Simulation

� Modeling
� Simplified description of the reality

� Algebraic equations

Resistor:
� Ordinary (time dependent) differential equations 

Inductor:

� Simulation
� Solving the Differential-Algebraic Equation System (DAE) by means of suitable 

solvers

iRv ⋅=

dt

di
Lv ⋅=
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From Modeling to Results I

1. Models in the Dymola Modeling Window (Graphical or Textual)
� Instantiated models are replaced by their class definitions

2. Differential-Algebraic Equation System is created
� Component and connection equations

3. Alias and zero variables are eliminated
� a = b, a = -b, a = 0, ...

� Due to connections and restrictions

4. Equation system is sorted to get Block Lower Triangular (BLT) form
� Finding algebraic loops
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From Modeling to Results II

5. Tearing
� Breaking algebraic loops and simplifying the equation system

6. Modelica is translated to C – Code

7. Code is compiled and the solver is linked to the executable
� Machine code to maximize execution speed
� Stand-alone program usable in different environments

8. Simulation is started by calling the executable

9. Results can be plotted in the Dymola Simulation Window
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Variables

� Basic types of variables

� Real continuous

� Integer discrete

� Boolean false, true

� String

� Prefixes:

� constant

� parameter

� input, output

� flow

� Other variables:
� physical quantities with (SI-) units predefined in Modelica.SIunits

� e.g. Modelica.SIunits.Current
type ElectricCurrent = Real

( final quantity= "ElectricCurrent" , final unit= "A" );
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Equations and Algorithms

� Usually models are built using equations
� Equation is solved for the unknown variable by Dymola

equation

v = R * i;

� Assignments are typically used for functions or controls
� Usage defines the unknown variable

algorithm

v := R * i;

i := v / R;

� Special operator – derivative with respect to time
equation

v = L * der (i);
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Events

� Decisions

if x < 0 then

y = 0;

else

y = x;

end if ;

When x crosses 0 an event is

triggered

� Events
� Time events

Boolean b;

when time <= tStart then

b = not b;

end when ;

� State events

Boolean b;

when i >= iMax then

b = not b;

end when ;

� Events are treated correctly. First the left-hand limit is determined, 
then the right-hand limit (new start value) is iterated.
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Connectors = physical interface

mass flow ratepressurefluid flow

.........

heat flow ratetemperaturethermodynamics

forcepositionmechanics translational

torqueanglemechanics rotational

currentvoltage / potentialelectrical

flowpotentialphysical area

� Defines potential- and flow variables

� Connected connectors have same potential (mesh rule)

� For flow variables the junction rule applies (sum of flows is zero)
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Example01
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Creating the package I
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Creating the package II
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� Connectors consist of
� Potential variable

� Flow variable

� Electrical connector

connector Pin "Pin of an electrical component"

Modelica.SIunits.Voltage v "Potential at the pin" ;

flow Modelica.SIunits.Current i "Current flowing into the pin" ;

end Pin;

connector PositivePin "Positive pin of an electrical component"

extends Interfaces.Pin ; // Inherits connector Pin

end PositivePin;

connector NegativePin "Negative pin of an electrical component"

extends Interfaces.Pin ; // Inherits connector Pin

end NegativePin;

Creating the connector
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Creating the connector I
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Creating the connector II



IEEE VPPC 2010
Vehicle Power and Propulsion Conference
Lille, France

28August 31, 2010

Creating the connector II
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Creating the connector III
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Creating the connector IV
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Creating the partial OnePort

� Creating a basic reusable model
� Keyword partial allows incomplete models

� Equations are missing

partial model OnePort

Modelica.SIunits.Current i = p.i "Variable for current" ;

Modelica.SIunits.Voltage v = p.v - n.v "Variable for voltage" ;

Interfaces.PositivePin p "Positive Connector" ;

Interfaces.NegativePin n "Negative Connector" ;

equation

0 = p.i + n.i;

end OnePort;
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Creating the partial OnePort I

� Creating a basic reusable model
� Keyword partial allows incomplete models

� Equations are missing
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Creating the partial OnePort II

number of equations = number of unknowns – number of  inputs – number of flow variables
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Creating a resistor

� Resistor
model Resistor

extends Interfaces.OnePort ; // Inherits partial model OnePort

parameter Modelica.SIunits.Resistance R "Resistance" ;

equation

v = R * i;

end Resistor;
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Creating a resistor I
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Creating a resistor II
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Creating a resistor III
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Other components

� Resistor
model Resistor

extends Interfaces.OnePort ; // Inherits partial model OnePort

parameter Modelica.SIunits.Resistance R "Resistance" ;

equation

v = R * i;

end Resistor;

� Capacitor
model Capacitor

extends Interfaces.OnePort ; // Inherits partial model OnePort

parameter Modelica.SIunits.Capacitance C "Capacitance" ;

equation

i = C * der (v);

end Capacitor;
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Other components

� Source
model Source

extends Interfaces.OnePort ; // Inherits partial model OnePort

parameter Modelica.SIunits.Voltage V "Value of constant voltage" ;

equation

v = V;

end Source;

� Ground
model Ground

Interfaces.PositivePin p;

equation

p.v = 0;

end Ground;
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Example01 I



IEEE VPPC 2010
Vehicle Power and Propulsion Conference
Lille, France

41August 31, 2010

Example01 II

� Textual assembly of Example01

model Example01

Components.Ground ground;

Components.Source source(V=1);

Components.Resistor resistor(R=1);

Components.Capacitor capacitor(C=0.1);

equation

connect (ground.p,source.n);

connect (source.p,resistor.p);

connect (resistor.n,capacitor.p);

connect (capacitor.n,source.n);

end Example01;
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Example01 III

� Results
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Example02
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Multidisciplinary Modeling

� Combination of different types of physical areas
� Electrical

� Mechanical

� Thermal
� etc ...

� Physical interfaces between these areas are needed
� Electric Machine (Electrical ↔ Mechanical)

� Hydraulic Motor/Pump (Hydraulic ↔ Mechanical)

� etc ...
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Multidisciplinary Modeling

Example: Vehicle model

� Vehicle dynamics (3D Mechanic)

� Powertrain (1D Mechanic)

� Engine (ICE)

� Cooling circuit (Thermo-Fluid)

� Hydraulic

� Electric systems and drives

� Air Conditioning systems

� Auxiliaries

� Process controllers

� …
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Multidisciplinary Modeling

� Electromotoric Force

model EMF "Electromotoric force"

extends Interfaces.OnePort ;

Modelica.Mechanics.Rotational.Interfaces.Flange_a flange;

parameter Modelica.SIunits.ElectricalTorqueConstant k = 1;

Modelica.SIunits.Angle phi "Angle of shaft flange" ;

Modelica.SIunits.AngularVelocity w "Angular velocity of flange" ;

equation

phi = flange.phi;

w = der (phi);

v = k * w;

flange.tau = -k * i;

end EMF;
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Example02



IEEE VPPC 2010
Vehicle Power and Propulsion Conference
Lille, France

48August 31, 2010 48August 31, 2010

Example03
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Bus = Expandable Connector

� Simple Bus (without protocol) 

� Reduces number of connections 

� Signals can be predefined
� Expansion of bus by simply adding a new connection

expandable connector ControlBus "Control bus connector"

end ControlBus;

� Expandable Subconnector

expandable connector SubBus1 "Sub bus connector"

end SubBus1;

expandable connector SubBus2 "Sub bus connector"

end SubBus2;
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Bus = Expandable Connector (Example03)
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Post Processing
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Post Processing

� Results are saved in
� Matlab-Format

� Text-Format

� No real Post Processing in Dymola

� Post Processing in
� Matlab

� Octave

� MS Excel
� etc ...
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