D

A
Physical Modelling with ModelVision,
a DAE Simulator with Features
for Hybrid Automata
&

MV Studium Project
D. Inikchov, Yu. Kolesov ,

) F. Breitenecker

Yu. Senichenkov 6. Zauner

TU St. Petersburg TU Vienna

Dmitry Inikchov
MvStudium ———
http://www.mvstudium.com




MvStudium

is the tool with
graphical, UML-based
language for
modeling and simulation
of complex dynamical systems
(Object Oriented Modeling)
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. 49‘ http://www.mvstudium.com

Complex dynamical
system is
Large scale,
Hierarchical,

Event-driven (hybrid)
mathematical model

with dynamically changed
humber of components

AE.'D'




The Model Vision Family
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MvStudium models

Classical dynamical systems

~
Simplest user’s interface
Mathematical editor
Isolated systems

1% level of interface

Hybrid systems

Simple graphical interface Second level of
Hybrid automation editor interface

Isolated systems

Open hybrid automata

Hybrid automation Hybrid automation with
with I/O contacts

\ Plane functional diagrams

Graphical editor
of functional diagrams
Open systems

Third level of
interface

Hierarchical functional diagrams

Graphical editor
of hierarchical functional Forth level of
diagrams interface
Open systems

Mvstudium hybrid
blocks

Open hybrid automata

I Pt I
Blocks with Blocks with
Inputs/Outputs contacts
Blocks with
contacts
* - ————— — — ——Runtime
Final

(solved) system of
algebraic-differential
equations

Period of compyling ——————— > T

Blocks with 1/0




Low level language

block with Input/Output
contacts block

Mathematical language
Final (solved) system of
algebraic-differential
equations
(Unit of measurenment)

Open hybrid Open hyb“d.
. B automation with
automation with
Inputs/Outputs
contacts

High level language

MvStudium's simplest
mathematical models




Classical dynamical system
(continuous time)

is a system of differential equations

% = f(X),xe R", x(0) = x°
with right hand side f(X) |, ensuring

existence and uniqueness of the solution
X = X(t; x%)




Discreet dynamical systems
(discreet time).
Difference equations

X1 = X, - C0S@ = (y, = X )- sinex
Yo =%, 'Sina_(yn _sz,)'COSOC
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Discrete-continuous

systems
. 50> Plar_lt or
- Object of control " | Envirenment

Controller or

dx
o (D). u,)

Application
* Control
un+1 = G(X(tn)’ un)’
un = u(tn)’tn+1 — tn + h'
Control system
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actions {Vy=Vy}

Hybrid systems
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do FlightWithAir




Bouncing ball
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MvStudium's Blocks
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Open I/0O block with hybrid automation

Activity: F ((:T)t(, X, 1, %,)

Project  Edit Model Tools

t Superclass: CDevice
=
@ Parameters
=22 Inputs
<= Outputs
@@ State
[ Constants
@ Functions and Proced
=& Behavior
L% Main B-Chart
% Local B-Charts
H§ Continuous
& CF1
Structure
Comment

Structure
Camment

¢tf Model Vision Studium 3.0 - [C:\Program Filesimv30\ExamplesiCs\Cs.mvb]

Wincow  Help
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do Con [¥m = round@Lim{(/Km -127.127])
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Open Contact/Flow block with hybrid
automation

State_1 State_2
Activity_1 Activity_2

Activity: F (2%, X, 15 X,)

Ideal diode (test bench)
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MvStudium's executives

MvStudium graphical language

I

MvStudium Language
(textual form)

[ MvStudium Test bench |

Executable code Mathematical
Under MVS graphics

.

Mathematical.DLL

3-D Animatioﬁv//

(OpenGL) 2-D animation

Active components
for control panels

13



MvStudium graphical language

&

MvStudium Language
(textual form)

MvStudium.DLL

4@‘
~ Application
N\

Numerical problems

* Nonlinear Algebraic
Equations

* Ordinary Differential
Equations

* Algebraic-Differential
Equations

49'
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= Project Edit Tools  View

Model  Window Help

< Model
2 Parameters
=@ Variables
& X double = 1;
> x1: double := 0;
= ¥2: double = 0;
@ y: double :=0;
~& y1: double :=1;
@ y2: double :=1;
~@ Constants
@ Functions and procedures
~B Commemnts

- Unknown varables

Attention!

% Equations
-- algebraic equations

Xx+y = sin{time)+cos{time);

X*y = sin(time)*cos(time);

-- differential equatios

x1'+y1' = cos(time)-sin{time);
x1'-y1" = cos(time)+sin{time);
-- algebraic-differental equation
x2'+y2' = cos(time)-sin{time);
x2-y2 = sinftime)-cos{time);

X1, ¥1, %2, v2,%, v

7t Differentiation is needed for this equations set(1).
Problems are possible for numeric method.

. Equations |

& Slide ...

55 MySt..,

| @ Pictur... B MvSt.. ¥ Beapl.. EN &)

-0.98213947
-0.125614904
-0.99157935
-0.12558237
-0.99207855
-0.12555174

0.99207655
-0.126114983

0.99204189
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MVS numerical software

- Linpack, Eispack, Sparspak, MA28

- ODEPACK, Dopri5,dopri853,
Radaub,Dassel

49'

MVS Numerical Library
s used

- Fortran version * Java version

in in
MvStudium 4.x AnyLogic (Russia)
Open Source
Physics (USA)

=

49'
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Examples

Example 1: Pendulum with free
point of suspension

| Pegaktop Wopmyn - [cPendMS]

thaidn Mpaera BeTaeka Bua  Momowe
v X 2| » [ 5 T
d?xl d?alpha ) dalpha °©
(m1+m2J- +m2-L-cns(Alpha)-——m2-L-s:.n(Alpha)- — =1
dt? dt? dt
d?xl d?alpha .
cns(Alpha)- +L - Ig-s:.n(AlphaJ =10
dt? dt?
X2 = x1+L-sin[}l\lpha]
v o= —L-cns[;\lpha)
‘FDTDBD UM
) Editor of mathematics models

17



Example 2: breaking pendulum (bottom-up design)

v X [

d’nlpha

Bl S = —g-sin(}\lpha]
dc?

oToED

oscillation (First Cla

N

# Cuneprnacc: Her

HrkoHka knacca
t@ Crepeotin
=& MNapameTpel
@ Alpha: double ;= rad(-90]
@ AlphaMay double :=rad
@ Omega: double =0

[=-Cr Brogel
> Break: signal = false;
42 Bomoasl

[Z- & BHYTpeHHME nepemeHHe

= Teta: double = 0;

@ Y double:=0;

= double:=0;

@ ' double:=0; —
[E KoHoTaHTel
@ FYHELHW W NpoLELYpE
KomeHT apHi -
| I

\ Mo B O i

il

hafin Mpaeia BrTaeka Bua  Momows

FPEIEELEEREE

d?y

2

dt

dfx

=0

Uzﬁt(zSecond 9(&%5)

do Flight(vV0=.Teta0=T
S0sc

5 actions {
) 2:=50zc. L sin[S0sc.Alphal;

v ¥i=-50sc Licos(5 0 sc.Alphal;
We=d[SOsc.Alphal/dS Dsc.L;

}Teta.:SDsc Alpha;

Final model

K.apra noseaeHuiA I CrpykTypa |

=]

=]

Pl

™ Onucanve Mogend

PYHKLMM M NPOUSAYDE
1 E—

A shell flight

Cyneprnace: Het
MkoHka knacca

CrepeoThn W
MapameTpel

@ Teta: double = rad(4
@ ¥ double :=100;
MepemenHee

& L double = 0;
KoHcTanTe!

when [F.p<=0] and [d[F.y]/dt<0]
actions {L:=F.x}

i \

Cynepknace: Het

Example 3: statistical test:shell flight

Equations

O\

JRI=TES)

- & Cuctema ypasHeHWi
mid2fy)dt = Fymig:

i # Cuneprnace: wer

Hkotka knacca md2(x)dt = Fx:
L8 Crepearin Meromeie neperentioe
@ Mapaverpel v
~& g double =381 HauanbHele SHAUSHWA MPOUSEONHEIK
@ m double = 1; @ diglédt = VsinTetall] \

@ Tetal: double =
-~ VO double := 101
% Nepemente

------ 2 dis/ck =ViFoos{Tetall

Statistical experiment
=B ]

WroHka knacca
@ Crepeotyn
& MNapameTpel
M: integer :=100;
Teta_D: double = rad(1
Teta_M: double = rad(4
W_D: double :=1;
“_M: double := 100;
MNepereHHsie
@ Lowector[M]; b
% ninteger = 0;

[E FKoHcraHTel

=

BN 5 o =]

o Thiowl/=nomally M. D1 T stasnomalT sta_M Tets_D])
entry actions {re=n+1:}

@ P YHKLMK W NpoLEypE! =
b I L4 KapTa noeegeHu I
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Example 3A: inheritance. Flight without friction and
with friction.

= PepakTop ®opmyn - [lightIndir] 10 LI
tafin Mpaeka Brraska Ewa  Momows

v X|hBEB|e N

dz
m- & = Fy-m-qg
dtc?

Vo=
dy
) dt
cosTeta = 7 sinTeta =
oV
F = Cx-5m-

Fx = FrcosTeta [Fy = F-zinTeta

.y o

FoToEn v

PLL. LAREEHY, Wb, CLAWSLERY

e, Books

NPAKTHYECKOE MOJENHPOBAHHE
JIMHAMHYECKMX CUCTEM

i = . & rasecon
o Bimalia s ol Vot taom
UL ra epazmes psasmupsaance
ey vorseies e
R T ) B — = 05 BEKTHO-0PHEHTHPOBAHHOE
Hileepaasin MOLETHPOBARHE
CIOAKHBIX IHHAMHYECKHX
CHCTEM
%l
YHCJAEHHOE
MOJENHPOBAHHE

FHEPHHBIX CUCTEM
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