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Tutorial: Design of Real-time Embedded
Control Systems using VDM++ and Bond
graphs (part 2 of 2)

Professor Peter Gorm Larsen dr. ir. Marcel Verhoef
Engineering College of Aarhus (IHA) Chess Embedded Technology B.V.
(pgl@iha.dk) (Marcel.Verhoef@chess.nl)

With significant contributions from Christian Kleijn
(Controllab Products) and Jan Broenink (University of Twente)
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programme for the day (part 2)

A Afternoon (before tea break)
A Background to co-simulation
A Overview of the 20-sim tool
A Introduction to the Bond-graph notation
A Example applications using DESTECS co-simulation

A Afternoon (after tea break)
A Practical case study
A Example application on industrial case study
A Round up (questions, discussions and conclusion(s))
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dynamics

Machines:

A more complicated

A faster

A more accurate

Thus more expensive (prototypes!)

Bottleneck: dynamics

Reduce costs: prediction &
understanding of dynamics
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prediction of dynamics

Dynamic Behavior: behavior as function of time.

Important:

A High Speeds
A High Precision
A High Forces

Prediction & Explanation of Dynamic Behavior

4

Modeling & Simulation
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some history - analogue simulation

Analogue Simulation

e Ordinary Differential Equations
e Mechanical (Vanevar Bush, 1931)
e Electronical (Ragazzini, 1947)

Problems
e Time consuming
o Not flexible

 Difficulties with algebraic equations  curtis wright Flight Simulator (1943) with
analog simulation for flight dynamics.

e DESTECDCS 5




some history - analogue simulation
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some history - digital simulation

Digital Simulation

e Differential Algebraic
Equations

RX01
" DUAL 8INCH FLOPPY DISKETTES

e Research in numerical
methods (1960-1970)

CSSL standard (1967)

e Equations
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e Conventional Programming
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CARTRIDGE DISK

e Block Diagrams by Macros

STORAGE RACK FOR 10
DECTAPE SYSTEMS

Example
e Tutsim (1974) ‘fiaay Ok o
e ACSL (1976) PDP8 computer (1963)
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some history - digital simulation

Block Diagrams
e EASYS5 (Boeing, 1976)
e Simulink (1991)

e Vissim (1990) —
"3
Physical Components - _
e Dymola (1993) {(HHHIAE
e 20-sim (1995) é@: E I , %%— &
~|

IBM PC computer (1981)
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introduction to 20-sim (1)

A TUTSIM: 1974

A CAMAS: 1984 T“TSIM

A 20-sim: 1995
A 1995: 20-sim version 1.0 (Bond Graphs)
A 1997: 20-sim 2.0 (C-code Generation)
A 1999: 20-sim 3.0 (Visualization)
A 2000: 20-sim 3.1 (Iconic Diagrams)

Comrputer-Aided Modeling, Analysis and Simmulation

A 2002: 20-sim 3.2 (Wizards) )
A 2002: 20-sim 3.3 (Frequency Domain) _
A 2004: 20-sim 3.4 (FFT to Frequency Domain) ’

A 2004: 20-sim 3.5 (Toolboxes)

A 2005: 20-sim 3.6 (3D Mechanics Toolbox)
A 2008: 20-sim 4.0 (Model implementations)
A 2009: 20-sim 4.1 (Movie creation)
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Introduction to 20-sim (2)

A 20-sim is maintained and developed by Controllab Products B.V.
A founded in 1995, spin-off from University of Twente
Apromotionand devel o@@einhd otf o dil
A consultancy and training services
A http:/lwww.20sim.com

A Dynamical Systems for Creative
Technology, Job van Amerongen,
2010, ISBN 978-90-79499-07-6

http://www.controllab.nl/en/books/dynsys.html
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dynamics systems modeling and simulation

File View Properties Simulation Tools Help

20-sim Simulator on: MachineDynamics.emy EE;;
|EE@|% $2wm W Pk ER| S O

Carriage
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0.05 = v (motaor) {m/s}
]
-0.05

0.05 =y (frame) {mi/s}

-0.05

0.05 = v (world) {m/s}

-0.05

-0
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omega {revis}

Output | LT
Starting Simulation
Simulation Running. ..
Simulation stopped after 0. 14 seconds, Model calculations; 28470 Mumber of output points: 12317 Average steps per second: ;:
< | s
20-sim 4.1 (c) 2010 Controllab Products B.V.
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