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Overview

The Modedlicadesign was initiated by Hilding EImqgvist in
Sept. 1996

Has been designed by the developers of some OO
modeling languages

In Feb 2000, M odelica Association, a non-profit, non-
governmental organization, was founded for further
development, promotion and application of Modelica
languages

Website:



Overview

Modelicais afreely available, object-oriented language for
modeling of large, complex, and heterogeneous physical
system. [1]

Suited for multi-domain modeling

Modelsin Modelica are mathematically described by
DAEs (Deferential Algebraic Equations)

Supports non-causal, hybrid, and hierarchical modeling



Overview

e Library of basic modelsin different domains

« Supports both high-level modeling by composition and
detailed library component modeling by equations



Basic L anguage Elements [ 2]

Basic components. Real, Interger, Boolean and String
Structured components

Component arrays, to handle real matrices, arrays of sub-
models etc

Equations and/or algorithms(assignment statements)
Connections
Functions



Example: Electrical Types
type Tine = Real (quantity="Tinme", unit="s");

type Vol tage = Real (quantity="Voltage",
uni t="V");

type Current = Real (quantity="Current"”,
uni t ="A");



Classesfor reuse of knowledge

* In Modélica, the basic structuring element is a class;
model, type, connector, block, function, package,
record, etc are restricted classes

* Modelicasupports “interface” for components that have
common properties (partial model). Thisfacility issimilar
to inheritance in other OO languages.



Example: a connector

connector Pin "pin of an electric conponent™
Voltage v "Potential at the pin";
flow Current I "Current flowmng into the pin";
end Pi n;

« A connection connect(Pi n1, Pi n2), connects the two pins
such that they form one node
e Thisimpliestwo equations:.
Pinl.v = Pin2.v
Pinl.i + Pin2.i =0



Example: a partial model

* Anéectrical port

partial nodel OnePort “Superclass of Conponents wth
two electrical pins p and n"

Vol tage v "Vol tage drop between p and n";
Current i "Current flowng fromp to n";
Pin p;
Pin n;
equat i on
V = p.V - N.V;
O =p.1 +n.i;
I = p.i;
end OnePort;



Example: aresistor

nodel Resistor "ldeal |1 near electrical resistor”
ext ends OnePort ;
paraneter Real R(unit=*0hni)

equat i on
Ri = v; “Ohns Law’
end Resi stor;



Example: a capacitor

nodel Capacitor "ldeal electrical Capacitor”
ext ends OnePort;
paraneter real Clunit="F")

equat i on
Ctder(v) = 1;
end Capacitor;



Example: a ssmple circuit

nodel circuit
Resi stor R1(R=10);
Capacitor C(C=0.01);
Resi stor R2(R=100);
| nductor L(L=0.1);
Vsour ceAC AC,
G ound G

equati on
connect (AC. p, Rl.p);
connect (RL.n, C.p);
connect (C.n, AC.n);
connect (RL. p, R2.p);
connect (R2.n, L.p);
connect(L.n, C. n);
connect (AC.n, G p);

end circuit;



Hybrid Models

Modelica can be use for mixed continuous and discrete
models

Discontinuous Models

If-then-el se expressions allow modeling of phenomenain
different operating regions. It supports discontinuities.

eg. y = if Time > 100 then a else b



Hybrid Models

The actions to be performed at events are specified by a
when-statement

le. when condition then
equat i ons
end when

The equations are activated instantaneously when the
condition becomes true



Dymola: a commercial tool

 Dymolaisacommercia tool developed by Dynasim AB in
Sweden.

 Dymola has aModelicatrangator which is able to perform
all necessary symbolic transformations for large systems
(> 100 000 eguations) as well asfor real time applications.
A graphical editor for model editing and browsing, as well
as a simulation environment are included



How Dymola works...[4]

Muodel editor
* Model composition
- Model = Default parameter settings

« Definition of equations

Libraries

Translation

Dymola main window
» Parameter settings

= Initial value sertings
= Simulation setup
Translated * Command scripts

=) =)

Visualization




Non-causal models [6]

e Connectionsin Modelicaimplies a set of equations which
are in anon-causal form

eg. X +y +z =0 Equation 1
X +3z +u=20 Equation 2
Z —u- 16 =0 Equati on 3
u-5=20 Equation 4



Causality asssignment [6]

Equation 1 Equation2 Equation3 Equation 4

m,.n

variable "x" variable "y variable "2" variable "u

Equation1  Equation2 Equation3 Equation 4
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Causality assignment [ 6]

X +y +z =0 Equation 1
X +32 +u=20 Equation 2
z —u- 16 =0 Equation 3
u-5=20 Equation 4

Thus can be rewritten as the following causal form

y = -X — 2 Equation 1
X =-3Z — U Equation 2
Z = u + 16 Equation 3
u =25 Equation 4



Sorting equations

« Equations need be sorted to allow an algorithm to calcul ate
the variables sequentially.

* Dependency graph of the previous example
eg. tosolve ‘7', ‘U hasto be calculated first

Yy sk 2




Sorting result

u=>5 Equation 4
Z = u + 16 Equati on 3
X =-3z - u Equation 2
y = -X — Z Equation 1

* Now this set of equations can be solved sequentially

» Equations can be sorted using graph algorithms



Equations can not be sorted

 |f variables are interdependent, then equations can not be
sorted, ie. the dependency graph is no longer acyclic

o For example

y + 10
y X + z
Z 5

the dependency graphiscyclic
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May be solved in another way...

In some physical systems, many of the equations that
appear are constant coefficient linear equations.

In some cases, this set of equations may be solved, either
In numerical or symbolic form

Cramer’'sRule...



Demo...

e Thisisthe system to be modeled

0CC=IV

00 =24

1'0="
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