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Agenda davbr@ida.liu.se

jan.brugard@mathcore.com

Part | Part Il

Introduction to Modelica and a Modelica environments
demo example

Part Il Part IV
Modelica language concepts Graphical modeling and the
and textual modeling Modelica standard library

Mechanlcs
Axis

' Adds,
(| emf( S =W
L e — Sy
Refe Electric o
eference i

Bearing,

R L

+ An;de-@t\)
1 =, Sensor *r
=l 100
PID  Control System
Part | Part Part lll Part IV 5T M
Introduction and Overview of Modelica language and Graphical modeling Ao [y
demo example environments textual modeling and the standard library — yinkspings universiet 2




Copyright © Peter Fritzson , David Broman, and Jan Brugard

davbr@ida.liu.se
jan.brugard@mathcore.com
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What is MOdeIica? davbr@ida.liu.se

jan.brugard@mathcore.com

A language for modeling of@x physical s@

» Robotics
« Automotive
» Aircrafts

« Satellites

« Power plants
« Systems biology

7772

MODELICA
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What is MOdelica? davbr@ida.liu.se

jan.brugard@mathcore.com

A language for(modeling)of complex physical systems

Mechanics

j+

Reference

emf( o

Electric

T

PID control System

Primary designed for simulation, but there are also other
usages of models, e.g. optimization.
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What is MOdeIica? davbr@ida.liu.se

jan.brugard@mathcore.com

A(language for modeling of complex physical systems
l.e., Modelica is not a tool

Free, open language

PR There exist several free and commercial
specification:

tools, for example:

* OpenModelica from OSMC

» MathModelica by MathCore

* Dymola by Dassault systems / Dynasim
 SimulationX by ITI

* MapleSim by MapleSoft

Available at: www.modelica.org
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WLHEE SpECiaI about Modelica? davbr@ida liu.se

jan.brugard@mathcore.com

Multi-Domain
Modeling
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What is SpeCiaI about Modelica®? davbr@ida.liu.se

jan.brugard@mathcore.com

Multi-Domain
Modeling

Visual Acausal
Component

structure
\ Modeling

Keeps the physical

Ramp1

Torquel i :

Acausal model S : S
(Modelica) df T = e=S =

uration={2}

X 1 omegat 1 -

I L
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block-based
model
(Simulink) e

Constant ’—’Di\/ide Integrator
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What is SPGCiaI about MOdeIica? davbr@ida.liu.se

jan.brugard@mathcore.com

Multi-Domain Hierarchical system

. Visual Acausal

. Component
‘? Modeling

joint-0

1y
D

inertial

Courtesy of Martin Otter
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What is SpeCiaI about Modelica®? davbr@ida.liu.se

jan.brugard@mathcore.com

Multi-Domain Visual Acausal
Modeling A textual class-based language Component
OO primary used for as a structuring concept Modeling

Behaviour described declaratively using
» Differential algebraic equations (DAE) (continuous-time)
* Event triggers (discrete-time)

Variable class VanDerPol "Van der Pol oscillator model"
dec|arations\$ Real x(start = 1) "Descriptive string for x”;
Real y(start = 1) "y coordinate”;
parameter Real lambda = 0.3;
equation
Typed der(x) = vy;
q der(y) = -x + lambda*(l - x*x)*y;
DeCIaratlve end VanDerPol;

Textual Language : : ,
Differential equations
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What is SpeCiaI about Modelica? davbr@ida liu.se

jan.brugard@mathcore.com

Multl-[_)omaln Visual Acausal

Modeling PN Component
Modeling

Hybrid modeling =

continuous-time + discrete-time modeling

N

/\/‘\/Continuous-time

Discrete-time

Typed
Declarative Hybrid
Textual Language Modeling
Part | Part I Part lll Part IV
i Introduction and Overview of Modelica language and Graphical modeling 'ié M
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Coming up in part III davbr@ida.liu.se

jan.brugard@mathcore.com

Typed

Declarative Hybrid

Textual Language Modeling
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Coming up in part IV davbr@ida.liu.se

jan.brugard@mathcore.com

Multi-Domain Visual Acausal

Modeling Component
Modeling
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Brief Modelica History davbr@ica.iu.se

jan.brugard@mathcore.com

Modelica design group meetings
» First meeting in fall 1996

+ International group of people with expert knowledge in both
language design and physical modeling

* Industry and academia

Modelica Language Versions

+ v1.0 (1997), v2.0 (2002) v.2.2 (2005)

» 3.0 released September 2007 (latest)
Modelica Association established 2000 m’

. OE)en, non-profit organization MoD’E'L |.l: A
Modelica Conferences

» 6 international conferences (2000-2008)
« The 7t International Modelica conference September 20-22, Como, Italy
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Introductory example cavbr@idause

jan.brugard@mathcore.com

i MathModelica System Designer Professional (=T
File Edit View Inset Tools Shape Window SystemsBiology Help
DEH| &G & B9 6 |k D [(NOORAR|w ~:iHE | #iL-B- S~ I3 £ ;0>
Library Browser 8 x ‘E DCMotor ‘ Components a x

DCMotor model Unsaved Name
Modelica.Mecharics - EMFL
a = Gy
3 IntroductoryExamples | L groundl
- [] Modelica resistort inductort = nducisd
DCMotor B inertial

4 Modelica Ele...Analog Basic x| » resistorl
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g ccc e inertial
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» Resistor ground1
+=- Saturatinglnductor

i Transformer

|- VariableCapacitor « m b P m »

. VariableConductor =

Parameters | Variables | Constants | Messages | Kernel Command |
. Variablelnductor

o

Name Initial Value Value Fixed State Select  Description
a radfs2 radfs2 |
rad |
radfs |

VariableResistor
T vee
T Ve

4 Modelica.Ele...alog.Sources x

+L ConstantCurrent

phi phi

w

“}- ConstantVoltage

ariables

(= ExponentialsCurrent -

Ready | X:-1349  V:7461
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davbr@ida.liu.se
jan.brugard@mathcore.com

Part Il

Modelica environments

m

CLv Iy
b A D T

Van der Pol Model

e e e Th e et of e s b o e Red et
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Dymola

davbr@ida.liu.se
jan.brugard@mathcore.com
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Dynasim (Dassault Systemes)
Sweden
First Modelica tool on the market

Main focus on automotive
industry

www.dynasim.com
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Simulation X

davbr@ida.liu.se
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Introduction and
demo example
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environments

Modelica language and

textual modeling

jan.brugard@mathcore.com

ITI

Germany
Mechatronic systems
www.simulationx.com

Part IV
Graphical modeling
and the standard library
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MapleSi m davbr@ida.liu.se

jan.brugard@mathcore.com

: - + Maplesoft
B e e ek o 12 + Canada
M) Lt g « Latest Modelica tool on the
. market
B * Integrated with Maple
N = « www.maplesoft.com
Part | Part I Part lll Part IV
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Open MOdeI ica davbr@ida.liu.se

jan.brugard@mathcore.com

| 01MShell - Opentiodelica Shell =101x
smes s * Open Source Modelica
i 52005, S, St ety I Consortium (OSMC)
i loadModel (Modelica) ¢ Sweden
:z“iaad?ile‘“c /CPer}.’adelical.é‘3":€e:mau\ele/Eam7 l van deI; POI Model Ik hd Open Source
B e * www.openmodelica.org
\
Z
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Math MOdeI ica davbr@ida.liu.se

jan.brugard@mathcore.com
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i davbr@ida.liu.se
Open MOdeI Ica jan.brugard@mathcore.com
» Advanced Interactive Modelica compiler (OMC)
» Supports parts of the Modelica Language

» Basic environment for creating models
*  OMShell — an interactive command handler
»  OMNotebook — a literate programming notebook
+ MDT - an advanced textual environment in Eclipse

[ oMshel - OpenModelica Shell -0l x| L - JS=TES] P
Fle Edt Vew Heb sEssmEm_= T 0072020 =
smelels|o] j
S 3 7 Modelica Edition
: 3 DrModelica
2006, PELAB, Linkoping University
Copyright (¢) L i
To get help cn using OMShell and OpeaModelice, type "help()" end Modelica - B =
loress enter. Contact: OpenMo| |
wwansr  Van der Pol Model
>> loadModel (Modelical Book web page: v|
- Peter Fritzson@id|
erze @ i =
DrModelica Auth] el
5> loadFile ("C:/OpeaModelicel.4.3/testnodels/BouncingBall mo") Sandelin, Peter Fr|
true DrModelica Authc| -
. X X This DrModelica
>> simulate (EouncingBall, stopTime=3) language as well -
record simul
sesultFile = "BouncingBall_res.plt” ter
end record A 04)
- examples and ex
I =Iolx| Most of the text in
»> plot(n) File Edit Special
rue Defailed Copyrig|
Plot by O ) 1 Simulation of Van der Pol E
> o . 1 Getting Start i . -
IMPORTANT: 1 - - =
08 If you end a coms ' q e
refumed in an outy U = =
06 change the directc| : - & o
the cd() command| ey
L o S e e m—— R B T (N e ——r— - -
02
00 =
— — ————e — ©
00 05 1.0 15 20 25 30 . Kl ——
sy Y.
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Open Source MOdelica Consortium davbr@ida.liu.se

jan.brugard@mathcore.com

Open-source community services Founded Dec 4, 2007
»  Website and Support Forum
+  Version-controlled source base Industrial members
* Bug database + Bosch-Rexroth AG, Germany

ABB Corporate Research AB, Sweden

* Development courses ; . .
P Siemens Industrial Turbomachinery, Sweden

* www.openmodelica.org » Equa Simulation AB, Sweden
* TLK Thermo, Germany
« VTT, Finland
Code Statistics « MostforWater, Belgium

MapleSoft, Canada,

+ Emmeskay Inc., USA
i IFP, Paris, France
MathCore Engineering AB

itrunk: Lines of Code

500,000
550,000
500,000

Academic members

400,000

i * Linképing University, Sweden
» Technical Univ of Hamburg-Harburg, Germany

+ Technical Univ of Braunschweig, Germany
 Université Laval, Canada

50,000

. + University of Queensland, Australia

4 8 % 8 8 8 5§ 5 & 8 8 8 2 3 8 8 8B 8 5 5 B

« Griffith University, Australia

Lines

B2 + Politecnico di Milano, Italy
Part | Part Il Part lll Part IV 'y M
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MathModelica Components davbr@ida.i.ss

jan.brugard@mathcore.com

Modeling Simulation

Part | Part i Part Il Part IV Zar
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demo example environments textual modeling and the standard library Unkd,,m;sum.et 24




Copyright © Peter Fritzson , David Broman, and Jan Brugard

MathModelica Editions

davbr@ida.liu.se

Lite
Ideal for small student projects. It

is free for academic and personal
use, but not available for industry.

Runs with, but is not part of
OpenModelica

jan.brugard@mathcore.com

System Designer

Suited for modeling and simulation
projects in industry and academia.

Stand-alone

System Designer Professional

Targeted at research in industry and
academia, offering unparalleled
possibilities for analyzing results.

Includes a tight Mathematica
connection

Part |
Introduction and
demo example

Part lll
Modelica language and

Part I
Overview of
environments textual modeling

Part IV
Graphical modeling
and the standard library

[ matntore ]
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davbr@ida.liu.se
jan.brugard@mathcore.com

Part Il

Modelica language concepts
and textual modeling

parent class to Color <—‘
T

restricted kind <——
of class without
equations

child ¢class or

subclass <

keyword «————e

class ExpandedColor
iparameter Real red=0.2; |
*’:parameter Real blue=0.
Real greemi
equati
ired + blue + green = 1;!

denoting
inheritance

end Color;

Typed
Declarative
Textual Language

Part | Part Il Part lll
Introduction and Overview of Modelica language and
demo example environments !

textual modeling

end ExpandedColor;

Part IV

Graphical modeling
and the standard library

Hybrid
Modeling

[ Matntore ]
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davbr@ida.liu.se
jan.brugard@mathcore.com

Acausal Modeling

The order of computations is not decided at modeling time

Acausal Causal
Vlsual d Torquel  Inertiad Springt Inertia2 Gonstntz e e R
omponen T a
Level B = w
Equation A resistor equation: Causal possibilities:
LeVE| R*1 = v; 1 = V/R,
v := R*i;
R := v/i;
Part | Part I Part lll Part IV
Introduction and Overview of % Modelica language and Graphical modeling é%‘ M
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davbr@ida.liu.se
jan.brugard@mathcore.com

Typical Simulation Process

“Static” semantics / compile time “Dynamic” semantics / run time

— T _ ) AL _
- — —
. LN =N
mggg:lca —  » | HybridDAE —— » | Executable Simulation
Elaboration Equation Simulation Result

Part |
Introduction and
demo example

Pa

Overview of
environments *

~ Code generation

Part lll
Modelica language and
textual modeling

rtll

g

Transformation &

Part IV

Graphical modeling

and the standard library

1
?
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davbr@ida.liu.se
jan.brugard@mathcore.com

Simple model - Hello World!

Equation: x’ = - x
Initial condition: x(0) = 1

Name of model

A

Initial condition

e

model HelloWozl{ "A simple equation”

Continuous-time

=2 Real x(start=1);

parameter Real a =
equation
der (x)= a*x;

end HelloWorld;\

variable

Parameter, constant/

during simulation

_l;

Simulation in OpenModelica environment

Differential equation

1 '
0.8
simulate (HelloWorld, stopTime = 2)
0.6
plot (x)
0.4
0.2
0.5 1 1.5 2
Part | Part I Part lll Part IV
Introduction and Overview of % Modelica language and Graphical modeling é’t M
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Differential Algebraic Equations

davbr@ida.liu.se
jan.brugard@mathcore.com

Informally: ODE + algebraic equations = DAE

General representation of DAEs:

(_)=[(t,)_'C(t),z(t),z(t),z(t),g) Algebraic variable

Force it to be the
start value

N

Differentiated cdel DAEexample
t time variable Real x(start=0.9, fixed=true)
. ¢ diff : bl = Real y;
x(¢) vectorof differentiated state variables equation
x(¢) vector of state variables der (y)+sin(x)= sin(time);
y(t) vector of algebraic variables Algebraic —>»x* - v = exp(-0.9*x
- ) ] equation end DAEexample;
u(t) vector of input variables
p vector of parameters and/or constants

Typically, the compiler transforms the DAE to an
ODE before simulation, sometimes using an
index reduction algorithms.

Built-in functions and
global time variable

Part | Part |l Part Il Part IV
Introduction and Overview of Modelica language and Graphical modeling
! textual modeling

demo example

environments

and the standard library

jgg{g; [ Matntore ]
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Textual and Graphical Models , davbr@ida o

jan.brugard@mathcore.com

. R1 L

300

200

100

v
=
|

-100

-200

R T T e T T Used model (defined elsewhere)
model Circuit / Named component =
Enak_)flles later protected / model instance
modification of —— replaceable Resistor R1(R=10) oL
component replaceable Inductor L(L=0.1); Modification of
VsourceAC AC; parameter value
Ground G;
equation
Connect connect (AC.p, R1.p);
. connect(R1.n, L.p);
equations connect(L.n, AC.n);
connect (AC.n, G.p);
end Circuit;

Part | Part I Part lll Part IV M
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Equations and Inheritance | davbr@ida.lu-se

jan.brugard@mathcore.com

modgl TwoPin i Ph1p,r1and
Eii E &« | Realsvandi
Real v; are copied to the
Real i; subclass
eqta:l;r,lv Cnv; Equations are
0 = p.i + n.i%f— copied as well.
1 =p.1;

end TwoPin;

Inherits equations and
components from
model R681stor“¥ TwoPin

Differential equation

Real R = 100;
equatlon

end Inductor

ey
[ = \
-

end Resistor;

Algebraic equation

Part | Part Il Part Il Part IV M
Introduction and Overview of Modelica language and Graphical modeling ‘5{'
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Connectors (Ports) davbr@idaluvse

jan.brugard@mathcore.com

model TwoPin

Connectors are instances
of a connector class.

connector Pin
Real v;
flow Real i;
end Pin;
Partl Part I
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Connections and Flow Variables davbr@idalu.se

jan.brugard@mathcore.com

model Circuit
protected
replaceable Resistor R1(R=10);
replaceable Inductor L(L=0.1) ;
VsourceAC AC;
Ground G;
equation
connect (AC.p,

Fundamental
concept making
acausal modeling
work (simplified)

Equations from potential variables:
L.n.v = AC.n.v

connector Pin

"
[
[

d Pin; N Equation from flow variables:
L.n.i + AC.n.1 + G.p.1 =0

AC.n.v = G.p.vVv

Part | Part I Part Il Part IV BT
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Hybrid Modeling cavor@icavse

jan.brugard@mathcore.com

Hybrid modeling = continuous-time + discrete-time modeling

A Continuous-time | Real x;
Voltage v;
Current 1i;
:—
p— Discrete-time
: discrete Real x;
C—

: Integer 1ij;
1 1 > Boolean b;

/"/’/"I time
Events

* A pointin time that is instantaneous, i.e., has zero duration
* An event condition so that the event can take place

* A set of variables that are associated with the event

« Some behavior associated with the event,
e.g. conditional equations that become active or are deactivated at

the event
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Event Creation — if davbr@ida.liu.se

jan.brugard@mathcore.com

if-equations, if-statements, and if-expressions

it <condition>then model Diode "Ideal diode"
 <equations> - extends Twopin; False if oe0
elseif <condition> then Real s;
<equétons> 2 Boolean off;
else equation If-equation choosing
<equationss off = s < 0; equation for v
v=s
else .
v=0; If-expression
end if;
i = if off then 0 else s;
end Diode;
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Event creation — when davbr@aialass

jan.brugard@mathcore.com

when-equations

end when; } event 1 event2 event3

Equations only active at event times

Time event State event

when time >= 10.0 then .
when sin(x)

end when; tre
f end when; x

Only dependent on time, can be Related to a state. Check for
scheduled in advance zero-crossing

> 0.5 then
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Generating Repeated Events davbr@ida.u.se

jan.brugard@mathcore.com

The call sample (t0, d) returns sample (0, d)
true and triggers events at times e
t0+i*d, where i=0,1, ... | | | | |
false time
t0 t0+d t0+2d t0+3d t0+4d
Variables need to be

discrete /

model SamplingCloy Creates an event a0

tnteger 1 + after 2 s, then
discrete Real r; 15
equation / each0.5s
when sample(2,0.5) then 10+
i = pre(i)+1;
r = pre(r)+0.3;
end when;
end SamplingClock;

g

Er

L pre(...) takes the
previous value 5 ———

0 10
before the event.
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Reinit - discontinuous changes fan brugard@mathcore.com

The value of a continuous-time state variable can be instantaneously
changed by a reinit-equation within a when-equation

model BouncingBall "the bouncing ball model" 12____bbm@m
parameter Real g=9.81; //gravitational acc.
parameter Real c=0.90; //elasticity constant 1
Real height (start=10),velocity(start=0); g
equation
der (height) = velocity; ]
der (velocity)=-g; 44
when height<0 then
reinit (velocity, -c*velocity); i
end when; 0
end BouncingBall; | | | | |
a 1ID

Initial conditions

Reinit "assigns”
continuous-time variable
velocity a new value
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MOdeIica - Iarge and Complex davbr@ida.liu.se

jan.brugard@mathcore.com

We have just “scratched on the surface of the language”

Examples of the features which has not been covered
» Functions and algorithm sections

» Arrays and matrices

» Inner/ outer variables (lookup in instance hierarchy)

* Annotations

» Loop constructs

+ Partial classes m
 Packages, blocks... MODELICA
And much more...
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Exercise 2.1 Simulate Bouncing Ball . &eeses

n.brugard@mathcore.com

* Open OpenModelica OMNotebook
« Open file "bouncingball.onb”

« Each cell is evaluated by first clicking on an input cell and then
pressing <shift>-<enter>. Do this in order for each of the cells
below. When the finial cell is evaluated a plot of the height variable
should be shown in the notebook.

« b) Change the gravitational acceleration to the one on the moon.
Change the simulation time to 25 seconds. Evaluate each cell again
and plot the result.
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Exercise 2.2 Bouncing Ball with Stajrs s

gard@mathcore.com

» Move the the model back to earth again...

» Assume that we shall simulate a ball falling down a staircase in a
house.

» Each step has a heigth of 0.2m and a length of 0.3m. The ball is
moving in the x direction with a constant speed of 1 m/s. The height
between the groundfloor and the first floor is 3m. The ball is
dropped 1m above the first floor and 2m from the staircase.

Task : After how long time does the ball first hit the groundfloor?

Tips: Plot two variables x and y:
plot ({x,v});

@height

@floor
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Multi-Domain
Modeling

Part IV

Graphical modeling and the
Modelica standard library

davbr@ida.liu.se
jan.brugard@mathcore.com

Visual Acausal
Component
Modeling

i Mechanics
ey
A
Reference
Sensor
Al J\L
N |-
PID  Control System
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Building an Electric Circuit

davbr@ida.liu.se
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1
u(@) = Riy() +

W=\
&=\

wlf) = Ryi, (6) + L

f,=1osL =00l

i) =5 ) +3,0)

== (~00F 2 laAtH

1
L= ?I[H(z) =

Iil(z)dz

di, (£)
di

1 j;‘l (z)dz]

0=~ [U(a) - L—‘ﬁ;f)J
2

—l—'"_--.
Loy
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Building an Electric Circuit davbr@ida.i.ss

jan.brugard@mathcore.com

1
u(£) = Ry, (£) +EIi1(z)dz

gaim _?l gakz InEegratort d
4.[>_l—’>‘@__.1 J ILJ (@) = Rypy () ”%S)

5 i(e) =1, (E)+1,(2)

-
sine1
_ 3o galnd galnd negaoR
[\/ ( —DD—ADN ! 1
G - x'l(z)=—[u(z) L x'l(z)dz]
e T k=110 =101 Iéj Rl c I

0=~ [U(s) - L—‘ﬁ;ﬁ(f)J
2
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Building an Electric Circuit davbr@ida.i.ss

jan.brugard@mathcore.com

. 1r¢.
u(8) = Ry (2) +EI31(z)dz
. diy (2)
. L ull) = Roby O+ L— =
el |2 |2
& |::| 3 o mﬁ Hi)=1)(2) +1,(8)
i T
s
I . 1 1.
R . Il@z?l u(f)—Ele(z)dz
512 g 3 g
o — =
o I = = . 1 di (f)J
3 )= —|Uis)- L2
iy (E) Rg[ (=) 0
_i_
groﬁm
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Some Other Domains e

jan.brugard@mathcore.com

Domain : . Modelica
Potential Flow Carrier .
Type Library
. Electrical.
Electrical Voltage Current Charge g
Analog
T b Eor ; ot . Mechanical.
ira n . 0 EG::: tﬂear mo qenLFT:i::: -
: Angular Mechanical.
Rotational Angle Torque momentum Rotational
Magnetic L Magnetic Magnetic flux
e otential B T e e e et
Hydraulic Pressure Volume flow Volume HyLibLight
Heat Temperature Heatflow Heat HeatFlowlD
Chemical Chemlgal Particle flow Particles Under_
potential construction
L o . - . :::‘_:: :::PﬂeﬂTrT’hL:i”hf- ]
_ Pneumatic Presure Mass flow Air - -
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Modelica Standard Library davbr@idau.se

jan.brugard@mathcore.com

ue FHITE FT1
o e ® {} - e
o ’L VT . R & =1 F, b
. ¥ L {/
4 i J : olrabon=y Tl
-.I'_ ‘ =
6 [ ] .. .- 1 -
@ . U [ ! k
» O = @ . i+
at; e '
— _— ' [ |
h 1
l | . 15
10 and 30 analog and digital heat transfer, cont., discrete
mechanics electrical circuits, fluid systems logical blocks,
electrical machines state machines
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Standard Library

Modelica

davbr@ida.liu.se
jan.brugard@mathcore.com

4 Modelica
> Blocks
> Constants
: Electrical
: Icons
- [Z] Math
> Mechanics
: Slunits
; StateGraph
> Thermal
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Blocks

davbr@ida.liu.se

4 Modelica
4 Blocks
: Continuous
: Discrete

on

> Examples
> Interfaces
: Logical
- [=] Math
> Monlinear
: Routing
: Seurces
; Tables
: Types

> Constants

: Electrical

> Icons

- [=] Math

: Mechanics

: Slunits

: StateGraph

> Therrmal

e

Yy

jan.brugard@mathcore.com
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Electrical

davbr@ida.liu.se
jan.brugard@mathcore.com

4 Meadelica
> Blocks
> Constants
4 Electrical
4 Analog
> Basic
: Examples
- [oo] Ideal
> Interfaces
> Lines
: Semicenductors
; Sensaors
> Sources
4 [&] MultiPhase !
> Basic E
> Examples
[ Ideal
: Interfaces —
Sensaors
> Sources
> Icons
- [=] Math
> Mechanics

shgntage

SaEst
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Modelica Standard Libra

davbr@ida.liu.se

4 Maodelica

: Blocks

; Constants

> Electrical

: Icens

- [=] Math

4 E| Mechanics

:

Rotational

. FiigdLe
Translaticnal

; Examples
> Interfaces
> Sensors 1

Accelerate

Damper

77
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Modelica Standard Library

davbr@ida.liu.se
jan.brugard@mathcore.com

stawCraphRoot

a Modelica
> Blocks
> Constants
> Electrical
> Icons
- [2] Math
> Mechanics

oot

comooshasen

Slunits

4 StateGraph
> Examples
> Interfaces

sepd s fon 1

t@ns Ron2 sep

> Temporary

» UsersGuide

siepl

| Alternative

InitialStep

e

-
1| InitialStepWithSignal
| Parallel

{_ Partial CompositeStep
@ StateGraphRoot

t@ns

lon7

: Step
{1 StepWithSignal
I Transition

'l TransitionWithSignal

seiCondRion

tme=7 }','»—

> Thermal
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Modelica Standard Library

davbr@ida.liu.se

a Thermal

jan.brugard@mathcore.com

4[] FluidHeatFlow
y Components
> Examples
> Interfaces
[ Media
> Sensors
> Sources

Fl HeatTransfer

EsEbE

c || Celsius

[]

Examples
> Fahrenheit
> Interfaces

3
3

wdligLoss es

winin@oR

oo e cliol Cons Bt

coMmLogs es

T=TAmb

7

Tk

&=10

> Rankine
44} BodyRadiation
é' Convection

# FixedHeatFlow oure

FixedTemperature
L' HeatCapacitor

“*» HeatFlowSensor

Wiiding

o

== Prescri..eatFlow
@ Prescri..erature
L3l RelTem..Sensor
~{z Temper..Sensor
£+ Therma...ductor

7

emdronm ent

¥
conuestion
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Other Libraries S——

jan.brugard@mathcore.com

« Bond graphs

« Magnetic

« Systems biology
» Hydraulics

* Pneumatics

+ Powertrain

» Petri Nets

« Etc...
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MOdelica in AutmOtlve Industry davbr@ida.liu.se
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Modelica in Avionics

Inputs
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Modelica in Power Generation
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Modelica in Biomechanics
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Exercise 3.1

davbr@ida.liu.se
jan.brugard@mathcore.com

models from the following Modelica libraries:
Mechanics.Rotational,
Electrical.Analog.Basic,
Electrical.Analog.Sources

Draw the bCMotor model using the graphic connection editor using

Simulate it for 15s and plot the
variables for the outgoing
rotational speed on the inertia
axis and the voltage on the

voltage source (denoted u in the
figure) in the same plot.

Part | Part Il Part i Part IV
Introduction and Overview of Modelica language and N Graphical modeling
demo example environments textual modeling and the standard library

jgg{g [ Matntore ]

60

Link&pings universitet




Copyright © Peter Fritzson , David Broman, and Jan Brugard

Optional Exercise 3.2 davor@idaiuse

jan.brugard@mathcore.com

» If there is enough time: Add a torsional spring to the outgoing
shaft and another inertia element. Simulate again and see the
results. Adjust some parameters to make a rather stiff spring.

Resistor

I nductor

ConstantWoltagel
Inertia Spring1 Inertial
_l_
Sroundd
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Optional Exercise 3.3 davor@ida.use

jan.brugard@mathcore.com

 If there is enough time: Add a PI controller to the system and try to
control the rotational speed of the outgoing shaft. Verify the result
using a step signal for input. Tune the PI controller by changing its

parameters in MathModelica.

R esitord Inductor

[ ]

& ignalvoltage
Stepi Feedbadil FI1

1 Inertial Springl Inetia?z SpeedSensort

izroundq
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Live exam ple davbr@ida.liu.se
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 Building a component with icon
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Optional Exercise 3.4 davor@ida.use

jan.brugard@mathcore.com

« Make a component of the model in Exercise 2.2, and use it when
building the model in exercise 2.3.

X1
©
S
®
(@)
®
=
=
>
o
o
3
S
o
>
@
-
=]

PN

I 1
1 1
1
1 1
1 1
1 Resistord Inductar 1
I 1
G ——e{]) -
T . d.ih el =T \ ignalifoltage- :
= Feaye 1 EnF 1 Inerfia1l  Springl Inertiaz SpeedSensort
1 1
I 1
1 1
1 1 1
1 = 1
1 1
I 1
1 Sround |
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Learn more... davbr@aialass

jan.brugard@mathcore.com

 Modelica Association
’ paTHmoDsLcA « www.modelica.org
* OpenModelica
* www.openmodelica.org
 MathModelica

PRINCIPLES OF ° WWW. mathCO re.com,
e « info@mathcore.com

MODELING AND
SIMULATION ¢
[ J
witH MODELICA 2.1 B O O ks
» Principles of Object Oriented Modeling and Simulation with
Modelica 2.1, Peter Fritzson
* Introduccion al Modelado y Simulacién de Sistemas
Técnicos y Fisicos con Modelica, Peter Fritzson
» Introduction to Modelica, Michael Tiller
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Multi-Domain Visual Acausal
Modeling Component
Modeling

Typed =
Declarative = Hybrid

Textual Language Thanks for listening! Modeling
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+ If you want to use the Powerpoint version of these slides in your own
course, send an email to: peter.fritzson@ida.liu.se,
davbr@ida.liu.se, or jan.brugard@mathcore.com

« The slides were created by David Broman, Jan Brugard, Peter
Fritzson, and Emma Larsdotter Nilsson,
« Some of the 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

« Some examples and figures are reproduced with permission from
Modelica Association, Martin Otter, Hilding EImqvist, and MathCore
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