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Modelica in Vehicle Modeling

Example:
Modeling of vehicle components
with Modelica and Dymola

* Vehicle dynamics (3D mechanics)™

* Power train (1D mechanics)_

* Hydraulics-—.___

* Combustion__

* Air condition -

e
* Electrical/electronic systéms,

B
* Control (Input/output blocks)\

Modelica Features

» Declarative equations
Write the model equations as they are derived from
physics, instead of deriving the right hand side.
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» Object-oriented modeling language
(classes, instances, inheritence...)

» Component models
Easy to build libraries of reusable code. Modelica standard
library contains 740 different models, ready to use or
modify.

Modelica Lecture - Outline

» Introduction, relation between Modelica and Dymola,
applications, overview of Dymola

» Introduction to the Modelica language, syntax and
constructs

» Traps and pitfalls (high index problem, stiff systems)

Modelica in Microturbine Systems
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Modelica vs Simulink

Acausal modeling o I S N A
Declarative languages just require 1 T

oo LT LT
the developer to define the problem
at a higher level and leaves the
solution to the simulation tool
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Block-oriented modeling

Procedural programmes require

the developer to define the order el
that calculations are to be done in

Modelica vs Dymola

Model Editor (code)
- Model composition
- Default parameter setting

- Definition of equations

i Dymola main window

- Parameter settings
Tnital values

- Initial Value settings

Time settings - Simulation set up

- Command scripts

Other
environments

simulation

i (1!
J/

Dymola Overview 1

Graphical Editor
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Modelica model (Text file: test1.mo)

Component-
Library

model testl
Modelica. Mechanics. Rotational.Inertia J1(J=0.002)

N

void dsblock(double *x,

C-code

compile + link




Dymola Overview 2
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Dymola Introduction 2
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Dymola Introduction 4

Documentation View
Diagram View
Zoom Level

Check model Icon View

File Commands  Icon Commands l l
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Help Text View ‘

Toggle connect mode .
“Used Classes” View

Toggle grid

Dymola Introduction 1

New Model — Diagram View

Library Browser
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Modeling Mode

Dymola Introduction 3
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Simulation Mode

Dymola Introduction 5

Show diagram layer

New plot window

File Commands

Rescale Curves
DEIE'.E Cisgram Erase Curves
New diagram

Toggle grid
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Previous level (diagram layer)

Help Run script

Translate model

Stop action

Experiment setup

Plot Commands  Animation Commands:
Play
Pause

Rewind to start

Simulate model

Visualize 3D objects Reverse
Back step
Forward step

Forward

Dymola Introduction 6

-Inlx| Save As ...
N;:‘,h/lrl,\jhw Hol &lv}u'.fal'.arl;cf\;hj!‘ugui =151 x| save Underﬁ new name
o Ci Save Total ...
& 'Em save including all library
" W ot models for stand-alone use
and support issues
Clear All ...
Clear all models in Dymola
(restart)
- To Clipboard ...
T pboad .
N export as EMF to clipboard
AT Save Script ...
ear Lag Setup L., .
RererFbs B record actions as macro and
Lit T save them
HTML ...
Generate html documentation
Copizs carhens of aitve wivdow to clpaoac kslir A

Dymola

Introduction 7

Packages -
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Modelica-Library:
Modelica.Mechanics.Rotational

Text View and

Graphical View ‘ ,
are equivalent

mote ] Unnatedt
Modelica.Mechanics.Rotational.Inertia Axis a:
HModelica.Nechanics.Rotational.Spring spring a;
equation
connect (Axis.flange b, spring.flange a) 5:
end Unnamed;|




Dymola Introduction 8

* Build model from Libraries | "
(Modeling Mode) —
— Advanced: build packages to organize own libraries
— Advanced: Use Modelica language for own models

* Run model (Simulation Mode)
— Single run
— Multiple runs via scripts
— Optimize

* Post-process results (Simulation Mode)
— Plot
— Animate
— Analyze (scripting, Modelica language, external tools)

Simulation in Dymola 2

Simulate an existing model
Run the Motor Drive demo and experiment with the model
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Live Demo 1 - Pendulum

Build model by editing text equations

» Simple planar pendulum
» Two states

.. g .
6= 7 sin @ (1)

model SimplePendulum

constant Real g = 9.81;

parameter Real L = 1;

Real Theta(start = 0.1);

Real ThetaDot;
equation

ThetaDot = der(Theta);

der(ThetaDot) = - g/Lxsin(Theta);

end SimplePendulum;
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Simulation in Dymola 1

Experiment name

Variable browser

ey | * Simulate control
- Setup
- Simulate

«  Plot windows

Mode h)/

IBEX] QL

plot window controls [['% Il [ [4 4 ¥

« Animation windows

animation window controls

Simulation in Dymola 3

Advanced experiments

T]Ele Edit Simulation Plot

Animation Cormrrards Window Help
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Live Demo 2 - MotorDrive

Build model by using existing components

» Simple DC motor with ideal gearbox and inertia

» Three states

controller
positionerror
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Ti=0.5

gearbox=100
[ |

motor =2

load
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Dymola features - Linearization

v

Linearize model, from “Simulation”-menu, beware
linearization is at the start time ¢ = 0!

Simulate model to the desired linearization point
Set the final state as the initial state with importInitial();
Linearize as usual

Load file dslin.mat into Matlab with e.g. tloadlin, many
specific matlab routines delivered with Dymola.
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