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1. Modelica Overview

Goal of Modelica :

7 Modeling the dynamic behavior of technical
systems consisting of components from, e.g., / 7 J 7
mechanical, electrical, thermal, hydraulic, M U D E |. |.E A

pneumatic, fluid, control and other domains
In a convenient way .

—~Z Models are described by
differential, algebraic , and discrete equations .

—~Z No description by partial differential equations, i.e.,
no FEM (finite element method) and
no CFD (computational fluid dynamics),
but using results of, e.g., FEM programs.

7 Modelica is used since year 2000 in industry
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Example: detailed vehicle model

* Vehicle dynamics (3-dim. mechanics)

e Drive trains (1-dim. mechanics)

courtesy Modelon AB

» Hydraulics

 Combustion

° Alr Condltlonlng ............................................................................
(Thermofluid systems)

 Electrical/electronic systems
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e Hierarchical state machines

e Electrical machines

e Control (Input/output blocks, ...)
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Modelica Language und Simulation-Environments

Graphical editor
for Modelica models

Textual description
on file (equations,
"schematic", animation)

Translation of Modelica
models in C-Code,
Simulation , and
interactive scripting
(plot, freq. resp., ...)

Modelica simulation
environment
(e.g. Dymola)
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Free Modelica language

Modelica Simulation-
environment
(e.g Dymola)




Commercial Modelica Simulation Environments

7 Dymola from Dynasim AB, Sweden
(Dynasim is part of Dassault Systemes since 2006).

—Z MathModelica from MathCore AB, Sweden.

\

SimulationX from ITI GmbH, Dresden, Germany.

7 AMESIm from Imagine, France (under development).
(Image is part of LMS International since 2007).

7 MapleSim from MapleSoft, Canada
(under development; announced for Sept. 2008).

7 MOSILAB from 6 Fraunhofer Institutes, Germany (under development).

Free Modelica Simulation Environments

7 OpenModelica from Linkdping University, Sweden
(under development; subset of Modelica is available)

—Z SCICOS from INRIA, France
(under development; subset of Modelica is available).



\

\

Modelica Association

Modelica is a free language and is developed by the (non-profit)
Modelica Association since 1996

2000: First applications

2005: Modelica 2.2

2007: Modelica 3.0 (actual)

Develops also the largest, free library
for multi-domain models
(Modelica Standard Library )
53" Design Meeting in Lund, Sept. 2007

80 "individual" and 11 "organizational members" (after release of Modelica 3.0)
(only interested in "active" members; Requirement:
participation at 2 Modelica Design Meetings in the last 12 months).

6 International Modelica Conferences (Modelica'2008 with 250 participants)

All infos under http://www.Modelica.org
(Specification, simulation environments, free libraries, 300 papers, ...)



2. Modelica Users View

Schematics Component/device
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® Each Icon represents a physical component
(electrical resistance, mechanical device, pump, ...)

® A connection line represents the actual physical
coupling (wire, fluid flow, heat flow, ...)

® A component consists of connected sub-components
(= hierarchical structure) and/or is described by equations .

® By symbolic algorithms, the high level Modelica description 0=f (x(t),x(t))y (t).t)
is transformed into a set of explicit differential equations: x(t) =f (x(t),t)

y(t) =f(x(t),t)



Export to Simulink (Option in Dymola and Simulation X)

Modelica-Model that has input - und output signals , can be easily imported to
Simulink in form of a S-Function C-Mex file (depending on option
either co-simulation or no co-simulation, i.e. using Simulink integrators):

in SIMULINK

in Dymola (or SimulationX)



3. Modelica Libraries

Library ,Modelica “ is the
Modelica Standard Library

which is developed from the Modelica Association.
It is freely available in source code and
can be modified and used in commercial programs.

Every 6 .. 12 months a new version is released.
It is developed since 1998.
Newest version 3.0 from Feb. 2008:

780 generic models
550 functions

1450 packages (mostly media definitions)




Library Modelica: Electrical and Thermal Libraries

Analog electric and electronic components, such as
resistor, capacitor, transformers, diodes, transistors, transmission
lines, switches, sources, sensors.

Digital electrical components based on the VHDL standard, like
basic logic blocks with 9-valued logic, delays, gates, sources,
converters between 2-, 3-, 4-, and 9-valued logic.

Electrical machines
(uncontrolled asynchronous-, synchronous-, DC-machines)

Simple thermo-fluid pipe flow , especially to model cooling of
machines with air or water (pipes, pumps, valves, ambient,
sensors, sources) and

lumped heat transfer with heat capacitors, thermal conductors,
convection, body radiation, sources and sensors.



Library Modelica: Control and Script Libraries

Continuous and discrete input/output blocks
e.g., Pl, PID, transfer function, state space, filter,
logical, non-linear, routing, table source blocks

Hierarchical state machines with same modeling
power as Statecharts. Modelica is used as
synchronous action language, i.e. deterministic
behavior is guaranteed (not the case for Statecharts)

Logical blocks such as "and, or, edge, timer, ", ...

A=[1,2,3;
3,4,5;
2,1,4];

b ={10,22,12};

X = Matrices.solve(A,b);
Matrices.eigenValues(A);

Functions on matrices , such as for solving linear
systems, eigen and singular values etc.,

and functions operating on strings, streams,
files, e.g., to copy and remove a file or sort a
vector of strings.



Quickly growing number of commercial libraries. Sma Il selection:

SmartElectricDrives (arsenal research)

Controlled electrical machines with quasi-stationary and
transient models, e.g.,

controllers (voltage/frequency, field-oriented, speed/position),
power electronics (AD/DC, DC/AC, DC/DC converters, PWM),
energy storages (batteries, supercaps, fuel cells), ...

Hydraulic and Pneumatic Libraries (Modelon AB)
Libraries to model pipe networks for oil and air.
Contain all important standard components like
pumps, valves, volumes, lines, sensors

PowerTrain (DLR)

Library to model vehicle power trains and all type of
planetary gearboxes. E.g. standard and planetary
gears with losses, clutches with friction, flexible
driveline models, automatic gearboxes,

optional 3D effects (mounting on vehicle)



4. Modelica Language Elements

Example: Definition of Capacitor

connector  Pin
Voltage v; /I identical at connection
flow Currenti; /[l sums to zero at connection
end Pin;
partial model TwoPin
Pin p, n; Voltage v,
equation
V=PV - Ny,
O=p.i +n.i

end TwoPin;

model Capacitor
extends TwoPin;
parameter Capacitance C;
equation

end Capacitor;

dv
dt




Example: Hierarchical Modelica Model

textual representation

Class name Ramp ramp,
Motor motor;

Gearbox gear(ratio @);
Inertia inertia(J_=_10); -
e@ Modifier

graphical representation

SpeedSensor

equation Instance name
connect (controller.y , motor.i_ref);
connect (motor.flange , gearbox.flange_a);

connect (gearbox.flange_ b, inertia.flange_a);
connect (inertia.flange_b, tacho.flange);
connect (tacho.w , controller.u_m);

connect (ramp.y , caqtroller.u_r);
end MotorDrive; (

Connector



