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PRINCIPLES OF
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MODELING AND Modelica 3.3_
SIMULATION A Cyber-Physical Approach

Can be ordered from Wiley or Amazon
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APPROACH

Wiley-IEEE Press, 2014, 1250 pages

SECOND EDITION

« OpenModelica
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« Modelica Association
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http://www.openmodelica.org/
http://www.modelica.org/
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September 2011
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copyright Wiley-IEEE Press

Some examples and figures reproduced with permission
from Modelica Association, Martin Otter, Hilding EImqvist,
Wolfram MathCore, Siemens
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Introduction to Modelica and a
demo example

Part Il
Modelica environments
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Modelica language concepts
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Part IV

Graphical modeling and the
Modelica standard library
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Detailed Schedule 09:00-12:30

09:00 - Introduction to Modeling and Simulation
Start installation of OpenModelica including OMEdit graphic editor

09:10 - Modelica — The Next Generation Modeling Language
09:25 - Exercises Part | (15 minutes)

Hands-on exercise on graphical modeling using OMEdit— RL Circuit
09:50 — Part Il: Modelica Environments and the OpenModelica Environment
10:20 - Exercises Part Il (10 minutes)

Hands-on exercise for exploring features like 3D animation and FMI support

10:30 — Coffee Break
11:00 — Part lll: Modelica Textual Modeling

11:10 - Exercises Part llla (10 minutes)
Hands-on exercises on textual modeling using the OpenModelica environment

11:20 - Modelica Discrete Events, Hybrid, Clocked Properties
11:40 - Exercises Part llIb (5 minutes)

Short hands-on exercises on textual modeling using the OpenModelica environment

11:45 — Part IV: Components, Connectors and Connections & Modelica Libraries

11:55 - Exercises Part IV (35 minutes)

Hands-on exercise on graphical modeling using OMEdit — DC Motor

Copyright © Open Source Modelica Consortium
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Software Installation - Windows

o Start the software installation

* Install OpenModelica-1.12.0 Download or from the
USB Stick

7 Copyright © Open Source Modelica Consortium MoDELI"CA



Software Installation — LinuX (requires internet connection)

« Goto
https://openmodelica.org/index.php/download/down
load-linux and follow the instructions.

8 Copyright © Open Source Modelica Consortium MO u'E:L I'CA


https://openmodelica.org/index.php/download/download-linux

Software Installation — MAC (requires internet connection)

e Goto
https://openmodelica.org/index.php/download/down
load-mac and follow the instructions or follow the
Instructions written below.

* The Installation uses MacPorts. After setting up a
MacPorts installation, run the following commands
on the terminal (as root):

« echo rsync://build.openmodelica.org/macports/ >>
/opt/local/etc/macports/sources.conf # assuming you installed into /opt/local

« port selfupdate
« port install openmodelica-devel

Copyright © Open Source Modelica Consortium MoDELI"CA


https://openmodelica.org/index.php/download/download-mac

Part |

Introduction to Modelica and
a demo example
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Modelica Background: Stored Knowledge

Model knowledge is stored in books and human
minds which computers cannot access

Internal-combustion

engines 41 7

Thermodynamic comparative cycle as shown in the p-V- und T-5 diagrams

~

3
* Tp =Ty
Tp=Ty 5
4
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i
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3 FOE 2
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Where pa/p1 = (Tz/T|)"‘ =(Ty/Ta)*-?
hag aupe and Ty = Ty - (T4/T2) thu:
dsch arge (4—-4) If heat is completely
whanged. the quantiy of heat to be =1 - (T2/T) )
dd dp unit of gas is reduced to Curr tga:.t ml pcwerpt nts achieve
th rmal effici of up to 35 %.
dn=ca (Ta=T2) = ¢y (Ta=Ta) th as turbine: clea
and the q ntity of he H be removed is haust without supplementary emissi
ontrol devices; extremely smooth r
dow= o (Ty - T =5 (To= Ti). b

Igmltrl el capability, good st thct -

q c
The maximum thermal efficiency for the | wal
gas turbine with heat exchanger is:

f l
gh poul
=1~ Qow/Qin="1- (T2 - T) J(Ta - Tq) fuel consul mptl ;Ie&s‘

power application:

urve; extended maintenance

ring costs still
esponse; higher
uitable for low-

Gnlurbn'nl‘lFmr Mnc\erzﬁaau w compressor, 3 Burner, 4 Heat exchange
5 Exhaust pa uon

tubine, 10 S 1 Auxiliary q'unpms!dnvs 2 Lubricating oil pump.

2 11108 8 7

wBr!ml , 8 Adjustable guide vanes, 9 Cmpresso

“The change of motion is proportional

to the motive force impressed
— Newton

Lex. 1L

Mmatmem motns proportionalem effe vi motrici mpreﬂk, & fieri fe-
cxnduin lineam reSlam qua vis illa imprimitwr.
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Modelica Background: The Form — Equations

« Equations were used in the third millennium B.C.
« Equality sign was introduced by Robert Recorde in 1557

L ﬂ?"ze,* 'w%""wﬁ 1 fuﬁ g St T A -:m'? 1 _‘:?*

Newton still wrote text (Principia, vol. 1, 1686)
“The change of motion is proportional to the motive force

impressed
CSSL (1967) introduced a special form of “equation”:
varliable = expression

v = INTEG(F)/m

Programming languages usually do not allow equations!

/772
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What is Modelica?

A language for modeling ofComplex cyber-physical 3ystems

* Robotics

« Automotive

« Aircrafts

« Satellites

« Power plants

« Systems biology

7772

MODELICA

VLl
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What is Modelica?

A language for@of complex cyber-physical systems

Mechanics

I>—b—

Reference

] Electric

Sensor

PID control System

Primary designed for simulation, but there are also other
usages of models, e.g. optimization.

14  Copyright © Open Source Modelica Consortium MoDELI"CA



What is Modelica?

A@for modeling of complex cyber-physical systems
l.e., Modelica is not a tool

Free, open language

L There exist several free and commercial
specification:

tools, for example:

oiien e OpenModelica from OSMC
R « Dymola from Dassault systems
» Wolfram System Modeler fr Wolfram MathCore

« SimulationX from ITI
* MapleSim from MapleSoft
* AMESIM from LMS
« JModelica.org from Modelon
Available at; WWW.mOdeIica.org  MWORKS from Tongyang Sw & Control

Developed and standardized  * IDA Simulation Env, from Equa

by Modelica Association « ESI Group Modeling tool, ESI Group

15  Copyright © Open Source Modelica Consortium MoDELI"CA



Modelica — The Next Generation Modeling Language

Declarative language
Equations and mathematical functions allow acausal modeling,
high level specification, increased correctness

Multi-domain modeling

Combine electrical, mechanical, thermodynamic, hydraulic,
biological, control, event, real-time, etc...

Everything is a class

Strongly typed object-oriented language with a general class
concept, Java & MATLAB-like syntax

Visual component programming
Hierarchical system architecture capabilities

Efficient, non-proprietary
Efficiency comparable to C; advanced equation compilation,
e.g. 300 000 equations, ~150 000 lines on standard PC

16  Copyright © Open Source Modelica Consortium MoDELI"CA



Modelica Acausal Modeling

What is acausal modeling/design?

Why does it increase reuse?

The acausality makes Modelica library classes more
reusable than traditional classes containing assignment
statements where the input-output causality is fixed.

Example: a resistor equation:
R*I = v,
can be used In three ways:
| ;.= VIR;
vV .= R*I;
R:=v/;

/772
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What is Special about Modelica?

Multi-Domain Modeling
Visual acausal hierarchical component modeling

Typed declarative equation-based textual language
Hybrid modeling and simulation

18
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What is Special about Modelica?

/

Multi-Domain Cyber-Physical Modeling

: 3 domains
Modeling - electric
Physical - mechanics
/ \ - control
a Mechanics
i R L Axis, Axds,
j .- ) u emf - i—%&é -
Electri
[ |
Reference eetrie Bearing
= Angle-
Sensor

7
1 | \{ 4
Cyber PID  Control System

19  Copyright © Open Source Modelica Consortium MO u‘E: LI'CA



What is Special about Modelica?

Multi-Domain Visual Acausal

Modeling Keeps the physical Hierarchical
structure
Component
Modeling
Torquef Inertia1 -
Acausgl model f EU/\‘U_é_l
(Modelica) T (]
- J=10
duration={2}
| e 1 om \
o 2 i = > 15 phit > P5 e TS
Constant2 Divide 1 Integrator 3 Integrator 1 cain
Causal
u 2
block-based izt mj
model Ny
(S|mU||nk) br[:; » 1 omega2 = Gain 1
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What is Special about Modelica?

Multi-Domain Hierarchical system al Acausa
Modeling modeling ora :

o 6 0de
cut joint
tn . >

qddRef
r3Drivel

T~

axis5

j

axis4
-—
1
ﬂil:ll—q A
axis3 :E'.!.
L3
axis2
"_ i;
= -
,
Srel = n*transpose (n)+(identity(3) - n*transpose (n axis1l
skew (n) *sin(q) ; >0 T
wrela = n*qgd; 4
zrela = n*qgdd;
Sb = Sa*transpose(Srel);
rO0b = r0a;
vb = Srel*va;
wb = Srel*(wa + wrela); Y
ab = Srel*aa; + X_
= inertial

zb

Srel* (za + zrela + cross(wa, wrela));

Courtesy of Martin Otter =

= qd o q
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What is Special about Modelica?

Visual Acausal

Multi-Domain
Modeling

Hierarchical
Component
Modeling

A textual class-based language
OO primary used for as a structuring concept

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) = y;

. der (y) = -x + lambda* (1 - x*x)*y;
DeCIarauve end VanDerPol;

Equation-based
Textual Language

S o<

22  Copyright © Open Source Modelica Consortium MO n‘E: LI'CA
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What is Special about Modelica?

Multi-Domain
Modeling

Visual Acausal

Component
{ Y v Modeling

Hybrid modeling =
continuous-time + discrete-time modeling

N : :
W Continuous-time

+— Discrete-time

.—E

J Clocked discrete-time
Typed I I

time

Declarative
Equation-based
Textual Language

Hybrid

Modeling
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Modelica — Faster Development, Lower Maintenance
than with Traditional Tools

Block Diagram (e.g. Simulink, ...) or
Proprietary Code (e.g. Ada, Fortran, C,...)

vs Modelica
Causality
: Derivation
Modeling of o
System Subsystems (manual derivation of
D)écomposition input/output relations) Implementation

Proprietary

I
wocerca I
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Modelica vs Simulink Block Oriented Modeling
Simple Electrical Model

Modelica: Keeps the Simulink:
Physical model —  physical Signal-flow model — hard to
easy to understand ~ Structure understand

/

R1=10 R2=100

[ |
P H] n n L +1 z
AC=220 'g
sinin su es 11
LIn @
C=0.01 — L=0.1

JEA.
M
\&/
o|m

RO

/772
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Graphical Modeling - Using Drag and Drop Composition

A- 1K # 2P0 O \eROE 4+

Companents X moon@ |

1= [£] Modelica

& (@) Blocks

# [2) Constants

= [ Electrical

& [[J Analog

® [ Basic

# [ Examples

& [J 1deal

# 7 interfaces

@# [T Lines

# [ Semiconductors

# ] Sensors

2 [ Sources

- »D= ConstantCurrent
- =4~ ConstantVoltage
~ «= ExponentialsCurrent
-~ ExponentialsVoltage
- D= ExpSineCurrent
~ »s ExpSineVoltage
- == PulseCurrent

- = PulseVoltage
-« RampCurrent

[ Rempholtage —Info 3¢ 10:39:17 —
~ w= SawToothCument Conncted: (resstor 1.n, inductor 1.p)

L w5e SawToothiVoltage 5 —Info 4: 10:39:39 — E
Ry X ¥ || Conncted: {inductor 1.n, sinevoltage1.n)
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Multi-Domain (Electro-Mechanical) Modelica Model

« A DC motor can be thought of as an electrical circuit which
also contains an electromechanical component

model DCMotor
Resistor R(R=100) ;
Inductor L (L=100) ;
VsourceDC DC (£=10) ;
Ground G;
ElectroMechanicalElement EM(k=10,J=10, b=2);

Inertia load; ‘——'{:::ﬁ+_q

equation 4 .
connect(DC.p,R.n);
connect (R.p,L.n) ; ><:>DC = =0
connect(L.p, EM.n); =]
connect (EM.p, DC.n); load

connect(DC.n,G.p) ; l
connect (EM. flange,load. flange) ; G
end DCMotor

27  Copyright © Open Source Modelica Consortium MoDELI"CA



Corresponding DCMotor Model Equations

The following equations are automatically derived from the Modelica model:

O0==DC.p.1i+R.n.1i
DC.p.v=R.n.v

0==R.p.i+L.n.1
R.p.v==L.n.v

O==L.p.i+EM.n.1i
L.p.v==EM.n.v

0==EM.p.1i+DC.n.1i
EM.p.v==DC.n.v

0==DC.n.i+G.p.1
DC.n.v==G.p.v

EM.u==EM.p.v-EM.n.v R.u==R
O==EM.p.i+EM.n.1i 0=R.p
EM.i ==EM.p.1 R.1i==R
EM.u==EM.k*EM.w R.u==R
EM.i ==EM.M/EM.k
EM.J*EM.w ==EM.M -EM.b*EM.w L.u==1L
0 == -p
DC.u==DC.p.v-DC.n.v L.i==L
0==DC.p.1+DC.n.1 L.u==L

DC.i=DC.p.1
DC.u==DC.amp*»Sin[2x7wDC.£fxt]

(Load component not included)

p-v-R.n.v
.iA+R.n.i

p-1i
R+R.1

p-v-L.n.v
.i+L.n.1i

p-1i
LxL.it

Automatic transformation to ODE or DAE for simulation:

dx
— ==f[x, u, t]
dt

dx
g[E, X, U, t] == 0

28
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Model Translation Process to Hybrid DAE to Code

Modelica q\::>
Graphical Editdr Modelica :
:'> Modelica

Source code

Model
< <€=== Modelica Model

Frontend ——| Translator
Modeling —___=— <= Flat model Hybrid DAE
Environment e
"Middle-end’ Ly
” — __— {mmm sorted equations
Optimizer . .
Optimized sorte
> <{==m .
equations
Backend Code generatof

- > C Code

Executable

VLl
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Modelica in Power Generation
GTX Gas Turbine Power Cutoff Mechanism

parameter_settings cortraller
o SO ¥ _—
Pel... P el
droop P ciro e
Lo i LC
to |0 IGY F—
R0 Peipd P T p3 {7 .
Grid | & & F 9 P —
Poricd | pilo... pilo...
5 51 - 3
PP ] 1F
LY AL ] mai... mai
piosver _cortral W
Itk -
startTime=1400}% | S—
load_drop E={0}
—I_ clutch ...
startTime={350} _/_
mech_break ourEmo... ower.L k=T30T..
|
Inerial
farnTime=0; L 5 1T
Fee... JlTEIU]D
load_gain
sERTImE=150
Tero ..
w=107 LT Developed
by MathCore
for Siemens

Courtesy of Siemens Industrial Turbomachinery AB
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Modelica in Automotive Industry

31
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Modelica in Avionics

Inputs | Outpus

YYYYYYYY

e

AErOdyNAMICS

GBI ETEHIHH

r_rel=(000) v
L
L] &
atmosphers LTI

taEngine Brging
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Modelica in Biomechanics

__ startTime=0
(=
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Application of Modelica in Robotics Models
Real-time Training Simulator for Flight, Driving

« Using Modelica models
generating real-time
code

 Different simulation
environments (e.g.
Flight, Car Driving,
Helicopter)

« Developed at DLR
Munich, Germany

« Dymola Modelica tool

(Movie demo)

Courtesy of Tobias Bellmann, DLR,
Oberphaffenhofen, Germany
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Combined-Cycle Power Plant
Plant model — system level

 GT unit, ST unit, Drum
boilers unit and HRSG units,
connected by thermo-fluid
ports and by signal buses

« Low-temperature parts
(condenser, feedwater .
system, LP circuits) are
represented by trivial -
boundary conditions.

 GT model: simple law IPMP
relating the electrical load

request with the exhaust gas
temperature and flow rate.
$ f
Courtesy Francesco Casella, Politecnico di Milano — Italy ! Fe
and Francesco Pretolani, CESI SpA - Italy .ml y 2 FHE SHTORHT BV SH G Eco2 ey P

| T || [ H
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Modelica Spacecraft Dynamics Library

Formation flying on elliptical orbits

| spacecraft

Control the relative motion of two or more
spacecraft

Perigee

/

Formation
Center

Attitude control for satellites
using magnetic coils as actuators

Torque generation mechanism:
Interaction between coils and
geomagnetic field

Courtesy of Francesco Casella, Politecnico di Milano, Italy
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System Dynamics — World Society Simulation
Limits to Material Growth; Population, Energy and Material flows

a.ﬁl.'l'\-i.icll Qm-l-l:-de--:a-'.-:-m-eﬂ-:--imv . L ——— - - s ] )
S onbe b 0 @i hesemM LT Left. World3 simulation
T L o SR S — with OpenModelica

5 e s e » 2 collapse scenarios

(close to current
developments)

« 1 sustainable scenario
(green).

=
g
I3
=
>
.l'-’

CO2 Emissions per

FLF Husan . prial 4 1 a4l
FCE buman_ vt | 133e=1F
Lt fuman lradex | 4,
——

§ Incux. et [ 1 12de=IE
HLE Labar. mion dhii. . reamics
A0 Lare Bamrtibt 4 F Opopulation  784122e=X
t E...ctancy et Wl Gen ind
L0 wm_ B _ation | pogadation 7841228
D Fodbat._mamics ! \\ b Elpopl it [ES0S00000.0
FL5 ropul_ar 1 I popd indl BILE Lo

Joowidl LU0 ~ Heovlll o erson:
HICE Serwi st | 5, popd 1 o .
] Scinania_ \\ I Blpap (B
I Seemario_] —— - I Opopulation  T123es( ° l |SA 17 ton/ r
I Seemanio_} te+E S Populst. samica]

& 3 1 = Borih, Eaie

| b
de+A bed_r
Y

Sweden 7 ton/yr
[Asmez f . India 1.4 ton/yr
[Ficmen | ™ R . | Bangladesh 0.3 ton/yr

H1 Scenaric T

EEE
P 3
[ ]

« System Dynamics Modelica library by Francois Cellier (ETH), et al in OM distribution.
« Warming converts many agriculture areas to deserts (USA, Europe, India, Amazonas)
* Ecological breakdown around 2080-2100, drastic reduction of world population

« To avoid this: Need for massive investments in sustainable technology and renewable
energy sources
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World3 Simulations with Different Start Years

for Sustainable Policies — Collapse if starting too late

World Population World3 Simulations with Scenario 9 (sustainable)

(billion people) Collapse starts year 2050 if sustainable policies are started too late
le+10
Start 2012
9e+09 -9
] //_ Start 2022
8e+09 ] ta]

7e+00 7 /

6e+09 | —

] / Start 2042
4a+09 E £ /
3e+09 ,/
26409 ’3/_'_ /
1e+09 ]

1,900 1,950 2,000 2,050 2,100
Time (Years)

/ N
N

[=p]

2e+)9

(W g

[§8]

VLl
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The 30-Year Update “

DONELLA MEADOWS | JORGEN RANDERS | DENNIS MEADOWS

THE NEW YORK TIMES BESTSELLER

How SocieETIiEs C

TO FAIL OF

GUNS, GERMS, and STEEL

WITH A NEW AFTERWORD




What Can You Do?
Need Global Sustainability Mass Movement

« Develop smart Cyber-Physical systems for reduced energy and material footprint
* Model-based circular economy for re-use of products and materlals

. Promote sustainable lifestyle and technology —" |
« Install electric solar PV panels

« Buy shares in cooperative wind power

Elstatistik 2013/2014

2500

2000

-B-Producerad solel
1500 -+ Exporterad solel netto
Férbrukning el
g 1000 -4 Importerad el netto
/

500

0
maj juni juli aug sept okt nov dec jan feb mars april

Expanded to 93 sgm, 12 kW, March 2013
House produced 11600 kwh, used 9500 kwh
Avoids 10 ton CO2 emission per year

20 sgm solar panels on garage roof, Nov 2012
Generated 2700 W at noon March 10, 2013
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Example Electric Cars
Can be charged by electricity from own solar panels

Renault ZOE; 5 seat; Range:

22kw (2014) vs 40 kw battery (2017)
 EU-drive cycle 210 km, now 400 km
* Realistic Swedish drive cycle:

e Summer: 165 km, now 300 km

« Winter: 110 km, now 200 km

DLR ROboMObil
« experimental electric car
« Modelica models

Tesla model S
range 480 km

VLl
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What Can You Do?

More Train Travel — Less Air Travel

Air travel by Swedish Citizens
— about the same emissions
as all personal car traffic in
Sweden!

By train from LinkGping to
Munich and back — saves

almost 1 ton of CO2e
emissions compared to flight

Leave Linkdping 07.00
In Munich 23.14

More Examples, PF travel 2016:

Train LinkGping-Paris, Dec 3-
6, EU project meeting

Train Linkdping-Dresden,
Dec 10-16, 1 week workshop

BT/

Link6pings CentralstationO

Train
travel
LinkGping
- Munich

42
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Small rectangles — surface needed
for 100% solar energy for humanity
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Sustainable Society Necessary for Human Survival

Almost Sustainable

India, recently 1.4 ton C02/person/year
Healthy vegetarian food

Small-scale agriculture

Small-scale shops

Simpler life-style (Mahatma Gandhi)

Non-sustainable

USA 17 ton CO2, Sweden 7 ton CO2/yr

High meat consumption (1 kg beef uses ca
4000 L water for production)

Hamburgers, unhealthy , includes beef
Energy-consuming mechanized agriculture
Transport dependent shopping centres
Stressful materialistic lifestyle

1

Gandhi — role model for
future less materialistic
life style

a4
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Brief Modelica History

First Modelica design group meeting in fall 1996

 International group of people with expert knowledge in both language design

and physical modeling
* Industry and academia

Modelica Versions
« 1.0 released September 1997
« 2.0 released March 2002
« 2.2 released March 2005
« 3.0 released September 2007
« 3.1 released May 2009
« 3.2 released March 2010
« 3.3 released May 2012
« 3.2 rev 2 released November 2013
« 3.3rev 1 released July 2014
« 3.4 released April 2017

Modelica Association established 2000 in Link6ping
« Open, non-profit organization

45
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Modelica Conferences

The 1st International Modelica conference October, 2000
The 2" |nternational Modelica conference March 18-19, 2002

The 3" International Modelica conference November 5-6, 2003 in Linkdping,
Sweden

The 4" International Modelica conference March 6-7, 2005 in Hamburg, Germany
The 5% International Modelica conference September 4-5, 2006 in Vienna, Austria
The 6™ International Modelica conference March 3-4, 2008 in Bielefeld, Germany
The 7™ International Modelica conference Sept 21-22, 2009 in Como, Italy

The 8™ International Modelica conference March 20-22, 2011 in Dresden, Germany
The 9™ International Modelica conference Sept 3-5, 2012 in Munich, Germany

The 10" International Modelica conference March 10-12, 2014 in Lund, Sweden
The 11" International Modelica conference Sept 21-23, 2015 in Versailles, Paris

The 12" International Modelica conference May 15-17, 2017 in Prague, Czech
Republic

46
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Exercises Part |
lands-on graphical modeling
(15 minutes)
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Exercises Part | — Basic Graphical Modeling

(See instructions on next two pages)
Start the OMEdit editor (part of OpenModelica)
Draw the RLCircuit

* Simulate
resistorl inductorl
—._ _D ._n' LI . \_| |—
R=100 -1
[ |
PR =
~ 2
o
P
—
1 The RLCircuit Simulation
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Exercises Part | - OMEdit Instructions (Part |)

« Start OMEdit from the Program menu under OpenModelica
 Go to File menu and choose New, and then select Model.
« E.g. write RLCircuit as the model name.

« For more information on how to use OMEdit, go to Help and choose
User Manual or press F1.

~

» Under the Modelica Library:
» Contains The standard Modelica library components
» The Modelica files contains the list of models you
have created.

. /
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Exercises Part | - OMEdit Instructions (Part Il)

For the RLCircuit model, browse the Modelica standard library and add
the following component models:

* Add Ground, Inductor and Resistor component models from
Modelica.Electrical.Analog.Basic package.

« Add SineVoltage component model from Modelica.Electrical.Analog.Sources
package.
« Make the corresponding connections between the component models
as shown in the previous slide.

 Simulate the model

 Go to Simulation menu and choose simulate or click on the simulate button in the
toolbar. T

* Plot the instance variables

» Once the simulation is completed, a plot variables list will appear on the right side.
Select the variable that you want to plot.

/772
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Modelica environments and OpenModelica
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Wolfram System Modeler — Wolfram MathCore

hin  Edi  View e

Ly Bepesey

=)

-
i] birdunn yEare gl

&l Miodulea

frolt theps  @ndsw Hag

A o aa@d e QT SOCE AR s - e B - S-S &S D
: : . :

ax B Tl Soarans = ‘i rands sl
Fid | PFNT Tomloudel ishcies Besclar

FPasmirs | eusbies | Congura | Mg
= o [
deks_smrm shoukd e about 011 ... 12 mew esplanarion i model

dala_r_aSmet m  [rprder o mshe a1 oopuistoe B ron-draar

i B SL ¥

Courtesy
Wolfram

Car model graphical view

Wolfram Research
USA, Sweden

General purpose
Mathematica integration
www.wolfram.com
www.mathcore.com

Mathematica

Simulation and
analysis

Research
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http://www.wolfram.com/
http://www.mathcore.com/

Dymola

& DoubleLaneChangeAndBraking - VehicleDynamics. Yehicles. Experiments. Examples.Do. .. g@m
Fle St Smubton Pt Ankmation Commands Window Hep

« Dassault Systemes Sweden
w LA ¢ @ e ‘HeyOoR @:88R @BOH &

PN M AW Time3s ] Spesd | 02 v « Sweden
ey | |

Ry « First Modelica tool on the market
* |nitial main focus on automotive

Jsummary_a_x
summan_a X g
Jsummary_ay

. industry
‘sqrmmr:\'_-_a:z-- : - by ! V. Lateral acchrt L4 V\M’W.dymOIa.COm

Smman_w x
Jsumenary_w_y
Tsummary_w_2

yaw rate [rad's|

Hwhesi_1
swhesi _2

swhesd 3

swhasd_d4
wmoton

[ Actranced IJ 3

ximnlatediodal | "VelicleDyraniar Vaiclar . Dxparinants . Zxuplar . DotblalacaCargelizcBrazizg”, =t

< >

@Mcdeing | ¥ Sovdation |
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Simulation X

« ITI Gmbh (Just bought by ESI
Group)

« Germany
* Mechatronic systems
« www.simulationx.com

s w s e

ari |

='S
»
*
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MapleSim

e s e — «  Maplesoft
w—~_12;;‘,’.§;;;::,;;;::9, 1= « Canada
' =  Recent Modelica tool on the
market

* Integrated with Maple
« www.maplesoft.com
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The OpenModelica Environment

WWW.OpenI\/IodeIica.org

AT ‘s:;-ov,‘ AL

CG

TOOLS & APPS USERS

HOME DOWNLOAD DEVELOPERS FORUM EVENTS

Top information Introduction

OPENMODELICA is an open-source Modelica-based modeling and simulation
environment intended for industrial and academic usage. Iis long-term development is
#. Commercial Applications supported by a non-profit organization — the Open Source Modelica Consortium
3 using Openmodelica (OSMC)

Industrial Products

The goal with the OpenModelica effort is to create a comprehensive Open Source
= OMEdit Modelica modeling, compilation and simulation environment based on free software
e Enhanced OpenModelica distributed in binary and source code form for research, teaching, and industrial usage.
Q,_ Connection Editor. We invite researchers and students, or any interested developer to participate in the
project and cooperate around OpenModelica, tools, and applications.

Library Coverage
Latest library coverage.

Modelica/OpenModelica Videos

Register yourself to get information about new releases.
Participate in the OpenModelicalnterest mailing list.

Help us: get the latest source code or nightly-build and report bugs.
To learn about Modelica, read a book or a tutorial about Modelica®.

RESEARCH

For systems engineering with requirement traceability and verification, see ModelicaML.

Latest news

October 25, 2014: OpenModelica 1.9.1
released

Preliminary Program OpenModelica
Annual Workshop 2015

October 07, 2014: OpenModelica 1.9.1
Beta4 released

March 08, 2014: OpenModelica 1.9.1
Beta2 released

New Book: Peter Fritzson - Principles of
Object-Oriented Modeling and Simulati
with Modelica 3.3

February 02, 2014: OpenModelica 1.9.
Beta1 released

CFP OpenModelica Workshop Februar]
2014

October 09, 2013: OpenModelica 1.9.0
released

September 27, 2013: OpenModelica
1.9.0 RC1 released

February 1, 2013: OpenModelica 1.9.0
Beta4 released
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http://www.openmodelica.org/

OpenModelica — Free Open Source Tool
developed by the Open Source Modelica Consortium (OSMC)

« Graphical editor

. rq& OMEdit - OpenModelica Connection m — EE
[ ] Model Compller File Edit View Simulation FMI Export Tools Help
. FeBR « 0 Eeee \eHOTHEK 29 98 X|@ Y
an d SI m u Iator || Libraries Browser 8 X | |Z Plot: 1 | Variables Browser & X

| ~ \;
Libraries Pan | FtinView = Save | Print | Grid no Grid ] LogX [ Log ¥ Setup [Endvables ]
= [T MultiBody ooty ] 7] Case Senski
— der(load.w) [radfs] —— time
* D e b u g g er O UsersGuide Colapse Al
1,200 - .

Iml World ] N Variables Val

B e | EngineV6 11116....

=

£ Modeli...gineVe

equation model ~ Clenimaton [

* bearing

 Performance B sy (| o

analyzer

Enginelb * cylinderl

* cylinder2

[
[+
: 7 [+
I~ () Engine...alytic
# cylinder3
[
E
[

« Dynamic optimizer

m
@
=
=]

PR -

~ * cylinderd
- (») Engine...alytic i [y.
- 1 - cylinder5
. . Fourbarl 400 ] # cylinder6
Fourbar2 1 :
« Symbolic model Deran.
ymbolic modelin o (| Sengnopm 53
2 Fourba...a ytic i - ClengineTorque 77
() Planar..alytic 200 & filter
- - = (3 utilities 4 J - Clfilter..Torque 10
« Parallelizat o
ara e IZ a I 0 n # [»] Rotatio...Effects 0 1 #+load
# ] Constraints # load2
- & E] Systems ] - [Ctime 1.0
hd E I e Ctro n I C i E] Forces -200 - torqueSensor
N b k d B Frames i & world
Ote O O an Ei Intrerfaces 400, ‘ : . | ‘ | ‘ | ; ‘ . :
Joints 0 0.2 0.4 0.6 0.8 1 12 |l -
OMWebbook > prs
& Messages Browser g x
- @ Sensors [5] 13:35:25 Translation Warning o
fo r te aC h I n B Visualizers Alias sat with several free start values * candidate: cylinder2.Cylinder.s(start = -0.3) * candidate: cylinder2.gasForce.s_rel(start = -0.0) == select value from
cylinder2.Cylinders(start = -0.3) because its component reference (or its binding component reference) is closer to the top level scope with depth: 3. If we have equal |_|
3 Types component reference depth for several components choose the one with non zero binding. B
o ) & -

x:61.06 10482 | @ wekome | of wodeing | B potting |

» Spokentutorial for !
teaching
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The OpenModelica Open Source Environment
www.openmodelica.org

« Advanced Interactive Modelica compiler (OMC) * OMEdit graphic Editor
« OMDebugger for equations

* OMOptim optimization tool

i : f i del * OM Dynamic optimizer collocation
 Basic environment for creatlng Mmoaeis « ModelicaML UML Profile

 OMShell — an interactive command handler « MetaModelica extension
«  OMNotebook — a literate programming notebook « ParModelica extension
« MDT - an advanced textual environment in Eclipse

« Supports most of the Modelica Language
* Modelica and Python scripting

Dl i e . .
[ cyriedch 5 cometctmat- Crttatebee aldy s e
"'“" — — - De e O Brow b rew o L = =
R ey —— = -
e S %N :‘-_I E e e —_—
Cpartiodalica £.4.3 7] DrModelicaoseics edion io @ i = = —
Gpeg Lihversky, PELAB, 2003-2007, Wiks-[EEE Press, ] L]
[} Ciash, £l
-
FIRER ATGEE. fodesia B 4 e ——
- ——— — {
a2 load '] fodebex 1) + g —_— im- ==
i 3 [T S TSP S
= Resugit pict Fin dim e bwdmas Al hme Hep
ag L = Ol ERoL20 WBaENT + = Em -
e = o [T .]
mizzl ; ; ST e— e ———— --..al—.--n.-..-n e m En [rerey F——
oerd gt L] > -..u.... -
PRROIEN I s =lmi = fceramennl - n_ = = -
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= - d . - _— |
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http://www.ida.liu.se/~adrpo/mdt/mdt-0.6.8.1/MDT-0.6.8.1-ClassElementsCompletion.JPG

OSMC - International Consortium for Open Source
Model-based Development Tools, 49 members May 2017

Lines

Founded Dec 4, 2007 Industrial members

* ABB AB, Sweden * Maplesoft, Canada

Open-source community Services - Berger IT-Cosmos, Germany  * RTE France, Paris, France

« Bosch Rexroth AG, Germany  Saab AB, Linkdping, Sweden

Website and Su pport Forum * Brainheart Energy AB, Sweden  ° Scilab Enterprises, France
. « CDAC Centre, Kerala, India » SKF, Goteborg, Sweden

Version-controlled source base « Creative Connections, Prague  * TLK Thermo, Germany

* DHI, Aarhus, Denmark » Siemens Turbo, Sweden
Bug database * Dynamicas.r.l., Cremona, Italy * Sozhou Tongyuan, China
Development courses * EDF, Paris, France * Talent Swarm, Spain

« Equa Simulation AB, Sweden * VTI, Link6ping, Sweden
www.openmodelica.org « Fraunhofer IWES, Bremerhaven * VTT, Finland

* ISID Dentsu, Tokyo, Japan » Wolfram MathCore, Sweden

Code Statistics

University members

/trunk: Lines of Code * FH Bielefeld, Bielefeld, Germany < Heidelberg University, Germany

8,000,000 « University of Bolivar, Colombia  *TU Hamburg/Harburg Germany
7,000,000 * TU Braunschweig, Germany * lIT Bombay, Mumbai, India
6,000,000 * University of Calabria, Italy * KTH, Stockholm, Sweden
5,000,000 * Univ California, Berkeley, USA * LinkOping University, Sweden
4 000,000 * Chalmers Univ, Control,Sweden < Univ of Maryland, Syst Eng USA
' * Chalmers Univ, Machine, Sweden < Univ of Maryland, CEEE, USA
4,000,000 « TU Darmstadt, Germany « Politecnico di Milano, Italy
2,000,000 * TU Dresden, Germany * Ecoles des Mines, CEP, France
1,000,000 * Université Laval, Canada * Malardalen University, Sweden
0 » Georgia Inst of Technology, USA < Univ Pisa, Italy
29 g N®mIT YL el ® DS A NmT * Ghent University, Belgium * Univ College SouthEast Norway
AARRNNSRRARRAERI’]IARAR « Halmstad University, Sweden
Date
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Spoken-Tutorial step-by-step OpenModelica and Modelica

Tutorial Using OMEdit.

Link from www.openmodelica.org

Y. o
A‘v’o ‘\ VOQ
7‘:\_' 10()

DOWNLOAD TOOLS & APPS .
= Search Tutorials

News ~ Forums About ~ Statistics ~

To learn about Modelica, read a book or a tutonal about Modelica®.
Interactive step-by-step beginners Modelica on-line spoken tutorials
Interactive OMWebbook with examples of Modelica textual modeling

Reset dropdowns

OpenModelica is an open source modeliing and simulation environment infended for industrial and academic usage. lf is an object oriented declarative multi
domain modelling language for complex systems. This environment can be used fo work for both steady state as well as dynamic systems. Atiractive
strategy when dealing with design and optimization problems. As all the equations are solved simultaneously it doesn't matter whether the unknown
variable in an input or output vanable. Read more

About 12 results found.

1. Introduction to OMEdit
Foss : OpenModelica - English

Qutline: Introduction to OpenModelica Introduction to OMEdit Perspectives in OMEdit Browsers in
OMEdit View icons in OMEdit Open a Class from Libraries Browser Checking for correctnes..

2. Examples through OMEdit
Foss : OpenModelica - English

Qutline: Expand Modelica library Expand Electrical library Expand Analog library Open Rectifier
Class Compare the values of IDC & Losses time vs Losses plot Expand Mechanics library ..

3. Developing an equation-based model
Foss : OpenModelica - English

Qutline: Introduction to OMEdit Declaration of variables and equations Simulation of a model in

3

Instruction Sheet

Basic

Basic

Basic
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OMNotebook Electronic Notebook with DrModelica

Primarily for teaching
Interactive electronic book
Platform independent

Commands:

Shift-return (evaluates a cell)
File Menu (open, close, etc.)

Text Cursor (vertical), Cell
cursor (horizontal)

Cell types: text cells &
executable code cells

Copy, paste, group cells
Copy, paste, group text

Command Completion (shift-
tab)

Fle Edt Cel

Format  Insert  Window  Help

1.1

1.2
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Version 2(X¢-04- 11

DrModelic awodetica Edition

Copynght: (c) Linkdpmng University, PELAR 2003-2006, Wiley-IEEE Press, Modelica Association
Contact Openlodebca@ida bu se, OpenModebca Project web site

worw.ida . se/projects/OpenModeica

Book web page: www.mathcore com/deModebea; Book author: Peter Frtzson@ida lu se

DrModelica Authors: (2003 version) Susanna Monemar, Eve-Lena Lengquist Sandelin, Peter Fntzson, Peter Bunus
DidModelica Authore. (2005 end later updatag): Peter Fntzeon

This DrModelica notebook has been developed to facilitate learming the Modelica language as well as ]

providing an introduction to object-oriented modeling and simulation. It 15 based on and is
supplementary material to the Modelica book: Peter Frizson: "Principies of Object-Oriented
Modeling and Simulation with Modelica® (2004), 940 pages, Wiley-IEEE Press, ISBN (-471-471631.
Al of the examples and exercises in DrModelica and the page references are from that book. Most of
the text in DrModelica 15 also based on that book.

Detailed Copyright and Acknowledgment Information
Getting Started Using OMNotebook
OpenModelica commands

Berkeley license OpenModelica

A Quick Tour of Modelica
Getting Started - First Basic Examples

There is a loag tradmon that the first sample program m any computer language s a trmnal program
prnting the string "Hello Werld" (p. 19 in Peter Fritzson's book) Smce Modebca i an equation based
language, printing a string does not make much sence. Instead, our Hello World Modelica program solves
a tnwal dzﬁ'exennal equauon The second example shows how you can wnte a model that solves a
on System (p. 19). In the Van der Pol (p. 22) example declaration as well as
nah.anon and pxeﬁx usage are showm tn a shghtly more comphcated way

Classes and Instances ]

In Modekea objects are created inphicaly just by Declanng Instances of Clagses (p. 26). Almost anything ]

m Modelica is a class, but there are some keywords for specibe use of the class concept, called

)
Sl e N o B & I




OMnotebook Interactive Electronic Notebook

Here Used for Teaching Control Theory
[E=REER),

File

Edit Cell Format Inset Window Help

N = P IS - v @
4 e O »:A\xmmy
1 Kalman Filter SRGDS

| File Edt Cell Formst Intet Window Help

Often we don't have access to the internal states of S = DS Y > | 46 .
have to reconstruct the state of the system based o model KalmanFeedback ] i
The idea with an observer is that we feedback the « parameter Real Al:,size(A, 1)] = {{0,1},{1,0}} ;
the estiamtion 1s correct then the difference should ! pasimetex Roal A (aize(R, 1)yt] = t10, (15})
parameter Real C[:,size(a, 1)] = [{1,0}};
parameter Real[2,1) K = [2.4;3.4];
Another difficulty is that the measured quantities of parameter Real(l,2] L = (2.4,3.4];
parameter Real[:,:] ABL = A-B*L;
s parameter Real[:,:] BL = B*L;
X = parameter Real([:,:) 2 = zeros(size(ABL,2),size(ARC,1));
j parameter Real(:,:) AKC = A-K*C;
parameter Real(:,:] Anew = [0,1,0,0 ; -1.4, -3.4, 2.4,3.4; 0,0,-2.4,1;0,0,-2.4,0];
parameter Real[:,:] Bnew = [0;1;0;0];
Here are e denoting a disturbance in the input signa, parameter Real(:,:] Fnew = [1;0;0;0];
. stateSpaceNois=e Kalman(stateSpace.A=Anew,stateSpace.B=Bnew, stateSpace.C={1,0,0,0],
be evaluated by the difference st AtabpRce E 5 Pusw) s
stateSpaceNoise noKalman;
K(}f(t} end RalmanFeedback;
) simulate (KalmanFeedback, atopTime=3)
BY USiﬂg this E[I.la.lltlt}’ as feedback we obtain the ot plot({Xalman.stateSpace.y(1l],noXalman.stateSpace.y[1]}) ]
- ' true
% = A%(t) + Bul Plot by OpenModelica
L
Now form the error as
15
@ Kaknan. stateSpace, y[1)
The differential error is 0
Ready N @ noKakman, stateSpace, y[1]
5 E

Ready In12 Col 33
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Mathematical Typesetting in OMNotebook
and OMWebbook

OMNotebook supports Latex formatting for mathematics

File Edit Cell Format Insert Window Help

e =Py QA E=LURvyvEIiToO Contents In
1 Chemical Reaction Kinetics of Hydrogen Iodine O MWeb boo k
A chemical reaction represented by a reaction formula transforms the chemical species on the left-hand
side of the arrow, called reactants, to the species on the right-hand side of the arrow, called products: G e n e rated fro m
reactants -> products
Consider a chemical reaction between hvdrogen gas and iodine gas to form hvdrogen iodine: O M N Ote b O O k

H>+I; =-= 2HI

We can formulate the differential equations for the whole reaction svstem as below.

% [Hy) = ks [HIQ] — k. [Ha] . [I2]

3 1] = Fa. [H 2| — k. [H) . [12]

Latex instructions

d 2
Sl = 2. [Hz|.[f3] — 2Fks. |HI"
g [H 1] = 2ko. ] [I2] — 2ks. [H 1] can be hidden by

‘documentdass[12pt]{artide} . .
‘\begin{document} dOUb|e Cllelng the
\thispagestyle{empty} . .
\DifracOmathrm{d} Hmathrm{dt: P eft [ H_{2}ight 1=k_{2}. Yeft [ HI~{2} Yright]4_{1}. Veft [H_{2} Yight ].Yeft [ I_{2} Yright ]\ Cel I 18] tree view

\DifracOmathrm{d} }mathrm{dti e ft [ I_{2}Yight 1=k_{2} Veft [HI~{2} Yright]4_{1} Veft [ H_{2} Yright ].Yeft [I_{2} Yight ]\
\Difrac{ymathrm{d} }H\mathrm{dt}}Yeft [ HIYight ]=2k_{2}.Neft [ H_{2} Yright].Yeft [ I_{2} Yright ]-2k_{2} Yeft [ HI~{2} Yight ]J\]
‘end{document}

Ready
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OpenModelica Environment Demo

= File Edit View Simulation FMI Tools Help

Companents & x ovunt*@ |

A- il # 20200 WORNOENE » 20 W 22

i X

7 {8 rotno

Modelica Files
# (g ThermoSysPro

)_EDF

] m UncertaintiesDemo
+ [P] BiL100_Modules
# [P] Approximated
O GV_Unat
O GV_Undt_Approx...
E SG_Unit_Propag...
SG_Unit_Recondi...

braty | Modelca Files ‘H

Madebo b

2 lW 8 220 wem

s oA

Outlne el
# GV_Unit

Location
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OpenModelica MDT — Eclipse Plugin

« Browsing of packages, classes, functions

« Automatic building of executables;
separate compilation

« Syntax highlighting
« Code completion,

Code query support for developers
« Automatic Indentation

« Debugger
(Prel. version for algorithmic subset)

Eclipse Platform

Workbench IDE UL

Workspace-Sased Compare / Workspace /
Document Editors Search Resourcss

Workbench
Text Editor

JFace Text
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OpenModelica MDT: Code Outline and Hovering Info

& Modelica - OpenModelicaf/Compiler fAbsyn.mo - Eclipse SDK - |EI|5|

File Edit Mavigate Search Project Run  Field Assist  Window Help

- J 4 - | B J -0 -Q - J @,| & J a J (] J =] J = = - - JCorrectIndentation B Hgcfc++ »

"« ' T
[% Modelica Projects &3 T | =] <~}:D ¥ =0 absyr.mo 23 =8
ﬁ‘ rmi2sig :I case (MATRIX (metrix = expll)) :I
& runtime _l loczl list<list<list<ComponentRef>»> resl;
% seripts equation
s resl = Util.listListMep{expll, getCrefFromExp);
Eﬁ‘ test_codegen resZz = Util.listFlacteniresl);
-y tc'c'ls res = Uril.listFlatten(resi);
% VC7 then
EEE, Absyn.mo 3116 2005-02-04 14:44 krsta res;
EEi Abeyn 3116 2008-02-04 14:44 krsta case (RRNGE (stext = el,step = 3CMEI(e3),stop = e2))
IEE, Algarithm.mo 2992 2007-12-22 22:17 adrpo eguaticon
[ [ Builtin.mo 3585 2008-05-2207:03 adrpo 11 = gerfzefFzomixp (el);
[ gy Ceval.mo 3805 2008-05-27 02:48 adrpo 1z I function getlreifromIxp
H res — —= - o2
Eﬂ ClassInf.mo 3496 2003-04-23 11:59 krsta 12 = s flattened 1
Eﬂ, ClassLoader.mo 3183 2008-02-1505:17 adrpo S
@ Codegen.mo 3585 2008-05-22 07:03 adrpo then iz];:}lit;:pist:iff'];"nentle—'? cutComponentReslst; o
IEE, Connect.mo 3534 2008-05-22 06:45 adrpo res; —1;~r£tllw T TTTToTTTTTET T
IEE' Constants.mo 3011 2007-12-22 22:38 adrpo s=se :x__ﬂ cutComponentReflst :=matchocontinue inExp
Eﬂ, Convert.mo 3436 2008-04-23 11:55 krsta - equaticl .7
1| I 4 i;‘ : ComponentRef cr;
== ——'-'--'»--—.:-»-C"- 2y .
5= Outline 53 B % g e x ¥ =0 res = listippend(1l, 12); =
T
E B absyn ﬂ 1| 4
5 ADD (T .
. . . [E_\, Problems &3 = Cnnsule} E];[I Bookmarks} = Prog =8
ALG_ASSIGMN{Exp assignCompanent, Exp value) = . °
. . 113 errors, 0 warnings, 0 infos
LG_BREAK
e e \ Descrpton = |dentifier Info on X
ALG_CATCH(ist<AlgorithmItem = catchBody) = . -
. . Al | - Errors (100 of 113 items)
ALG_EQUALITY (Algorithm equ) . . ||
ALG FAILURE"J;h;IDriﬂ‘lm equ) @3 The identifier at start and end are different I I d
- u i . . .
ALG_FOR(Forlterators iterators, list<AlgorithmItem = forBo g The fdentfﬁer st start and end are dfﬂ‘erent Ove r n g
ALG_GOTO(String labelName) The identifier at start and end are different, pa
ALG_IF{Exp ifExp, list<algorithmItem o pa
ALG LAEEL’String labelNa < Od e O u t l'l n e fo r en '} on line| rmldump.mo | OpenModelicaftoolsfrml2mod
hLG_r-lOREFCALL’ComponentRe :en ;' on line| rmltomod.mo | OpenModelicaftoolsfrml2mod
—_ £Y N N
ALG_RETURN . N . N :en ;' on line| modrefacto... | OpenModelica ftools rml2mod
ALG THROW easy n aV'I ga t'l O n W'I t h'l n en ;' on line| moddump.mo | OpenModelica/toclsfrml2mod
ALG_TR'T'"Iist-‘AIgnriﬂ'umItem>tr*'Eiod* en ;' on ling| rmltomod.mo | OpenModelica ftools frml2mad
- \ - i
PR . e n :en '} on line| rmltomod.mo | OpenModelica ftoolsfrml2mod
— -F ALG_WHEN_A{Exp whenStmt, list<Alg M d l' f 'l en ; on J100%) -
= e A en 't on ling | rltomnd. o OnenMadelica fools ieml 2mnd hd
" 1 odeliCa 1ies | . I—'

T E 0 | 7 e




OpenModelica Simulation in Web Browser Client

o — MultiBody RobotR3.FullRobot
Eﬁ'ﬁ'ﬂé W in <% 3

i = B - [ & - Page~ Safety~ Tools~ @ - 8 H 5

OpenModelica simulation example

in =

Modelica Mechanics MultiBody Examples Systems. RobotR 3 fullRobot

Samulation Mrished.  Time: 00040 xa mple

Examples Systems. RobotR3 fullRobot

Simulabon Minshed.  Time 0040

o, 1
— )
CHADHR iThervats 500 f— Windel Resuls
LI _
1 i (i 10}
-

---------- K . ?_l—'- 3 L H% Pial vaniab:
% E: ?_—r.i = FEChanks riw ar
= |

OpenModelica compiles ’
to efficient

Java Script code which is

executed in web browser

VLl
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OMPython — Python Scripting with OpenModelica

Interpretation of Modelica e

!—na-—--—-—--

commands and expressions e
Interactive Session handling
Library / Tool |
Optimized Parser results
Helper functions

Deployable, Extensible and
Distributable

I Py thon. execute (“load¥ile (\ "¢
l resul t=OMPython . execute (“simulate (DouncingBball,

print result

OMrython . execute (“quit() ")

CORBA, Sassion:

Hundiing

SELLANEN (st ion
wehth DR

JOoperdodelical 8.1 /testmadels /BouncingBall wo\*)*
AopTines2, mathods\ 'Ruler\’)*)

Oirython. execute ("plot (h) *) |8 Omsaimniios
C:\users\gananb42>python test_execute

OMC Server s up and runming
\local\tesp\openmodelica.ob)id.201208251207561

' ‘Simulationop
‘ws‘: e, Tsieflags
: False, 'cutputForsar’: "'

tions®:

ime': Fa
81

//c:is!en\&.)mmzhwdna .

2 storelny

A ‘varfablerilter': =*, , ‘noClean
s hod®: “‘dassl’'™, ‘seasurer

fse, "stoprime’: 2.0, "startTise': 0.0, 'nusberofInterval

500, 'tolerance’: le-06, "filenameprefix’: “'BouncingBall'"}

enp': False, of
gm0

‘Sisulationkesults”: ('tiu(wﬂe:: 6.89815662792063,

end': 0.0229111689831523
5992104508437, ‘timeSinu
51 0,0206379911344139

‘timefrontend’: 0.024

sages”: .
0.13141816655984]1, 'Hn?qlltl
“timesincode’: 0.00999736303670383, "time

Total': 7,1078008383753, ‘resultFile’: YHCi fusers/gananta2 /fsounc

ngBall_res. mat™'})
OMC has been Shutdown

Ci\users\ganan642s

T
B o pa—— e
o St

=

-

o e me we BEe w

Prot bry OpeaModieiion
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PySimulator Package

« PySimulator, a & i e —

simulation and e - = —

Naene T Urit

. 1 Modiebea Mechanics Porscnnt Examptes Fricion e o N £
analysis package | — B = BRI, | ©
developed by DLR | == “1 e

« Free, downloadable | ‘= T &
v ll'='vx>:-w ‘ = w b Tl /\v ‘ ﬂ_
 Uses OMPythonto | - i WWM i N s
simulate Modelica = P e
models by 8 :‘ : e
. Pt wi — o 4Ja 5] —_ 3 Eum%m}x Lompower (W) |
OpenModelica = ot
e 1 i
o - 1l \mv | J| W i 'IWIW
B ] Ll Hmb MmWr Wi
WL

Termwatrg
&Medalcs Mecha rm.shnlw lunvh Sytemuetohot.. | Ontaloe: tierance conkal net mppared
S Modebca flectecal Arateg Examples Recthiey S A

Erratng
nnu.-d Moceloa Decrcs Araiog Daanpies Sactier 2 mixt
s ]
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OMEdit 3D Visualization of Multi-Body Systems

Built-in feature of OMEdIt to
animate MSL-Multi-Body
shapes

Visualization of simulation
results

Animation of geometric
primitives and CAD-Files

>

s o oo S . =
1 .
~

View Smustion P

. —
S B B) Eoee \OHNOTHE 5- 99H -»dQ\sc\ugm R —-«.-—u»-,‘
waries Browser #x A gt a

\

[ AB O |wrmae | wodel | cagam vew | e 1,60 |

o

: DEBHOBSSNC

FFFPrEcpgfiigts

nnnnnnnnn

Simulate
with
i : o e U Animation

o e o .
| Simulation )

View Simuatin i Epot Dcbug Took Help
bl ol Hoee \OHOTH < B-99E 29945 95 X
Ubraries Browser ox||x Pot: 1 2 Modeka Mecharscs. MtBody Examples.Loops. Engrevt_res.met ()
K>l el st 1 - (Bimere o E

New
Animation

Window

73

Copyright © Open Source Modelica Consortium

VLl

MoOELTICA



Visualization using Third-Party Libraries:

DLR Visualization Library

« Advanced, model-integrated
and vendor-unspecific
visualization tool for
Modelica models

o Offline, online and real-time
animation

» Video-export function

« Commercial library, feature
reduced free Community
Edition exists

Integration of visualizer blocks into the model and
Communication to an external viewer (SimVis)

Modelica Model

Visualization

Y,

Courtesy of Dr. Tobias Bellmann (DLR)

74  Copyright © Open Source Modelica Consortium

MOD

VLl

L
ELICA



Extending Modelica with PDEs

for 2D, 3D flow problems —

Research

class PDEModel
HeatNeumann h iso;
Dirichlet h heated(g=50);
HeatRobin h glass(h heat=30000);
HeatTransfer ht;
Rectangle2D dom;

equation
dom.eg=ht;
dom.left.bc=h glass;
dom.top.bc=h iso;
dom.right.bc=h iso;
dom.bottom.bc=h heated;

Insulated boundary

Poorly insulated boundary;

Tt = 20

Conducting boundary:

u=60"

end PDEModel;

Prototype in OpenModelica 2005
PhD Thesis by Levon Saldamli
www.openmodelica.org
Currently not operational
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http://www.openmodelica.org/

Failure Mode and Effects Analysis (FMEA) in OM

Modelica models augmented with reliability properties can be used to generate
reliability models in Figaro, which in turn can be used for static reliability analysis

Prototype in OpenModelica integrated with Figaro tool (which is becoming open-
source)
Modelica Library [ 2 'F——{ ,:—| g'"_l

Automated
generation

I — [J
i FT generation FT processing

>

VLl
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OMOptim — Optimization (1)

Optimizead

r D 4 parameters
| ]
plecrives )
’
-
BEx
File  Project  Problem  Display
Models Problems Project Optimization EI EI result
Mare ~ n Variables =
g Filker
b ( ) Optimized variables [E
-~ Ia Mame Walue Description i R
=TIk ]
i global sourcesaudeyille b 1,18294e+06 | [1kg] Mame - | Description | opt Mil‘lil‘l‘lLII
EE global sourcesauderille AowPor.p 100000 global sourceEMusntsE debit [kak] a
- [EE global sourceInEchColdB b 1,41347a+06 | [1kq] global zourceEfusntsa . debit [kak] i
- coutdinvestissement
e e e global sourceInEchColdB AowPart.p 100000 global zcenarioP ACE MySpechomp a
< EmiCO2ZPac global sourceInEchZoldR debit 12,78 [ka/ts] alobal scenarioB A c A MySoecPcomn
- h global sourceERuent=ECS b 1,35498= 406 | [1ka]
C':_ global sourceEMuentsECS AowPart p 100000 scanned variables @
- Puissae
- Puisshe global sourceEfuentsECS et at 1
- Puissce Mame Description Scan Minirnurm Scan Maximur | n
o global sourceEfuentsECS debitl 0
na global sourceEMuentsECS debit 1 [kaq/ts]
nh
- ME global sourceEfuentse b 1,35435e +06 | [1kg]
- Qch global sourceEfuentsE AowPor p 100000
< OChp
- coukdefonctavecPRC global sourceEfuantsE 2t at 1 £ »
Igg:gm:g global sourceEfuentsE debit 122612 [kais] el s E]
- TOSygmaEes global sourceEfuentsa b 1,254395e +06  [1kq]
~COPECSSyskenm o N
- PElecECSMax global sourceEfuentss AowPatt.p 100000 Marne Description Direckion M
B EchIAQubCold alobial sourceEFusntsé atat 1 global. gaincoutoperationnel Mazximize 0
I+ Sortieeffuents ; i -
[ echi global sourceEfuentss, dekit 0601234 | [kgfs] glabal. coutdinvestissement Minimize 0
-5 d
- Sl?:nrgfirgEDEhﬂ global scenariosourceE audewille debit 0940001 [kaq/ts]
[ scenarioPaCA lobal iod I
global zcenatiodepartB .z 1]
[+ echE g |' 7] »
+ Yariables Compaonents Launch




Problems

Solved problems

Result plot

OMOptim — Optimization (2)

Export result data .csv ]

MinEIT

File Project Problem Display Tools

Elvesuk | Optimization result

coutdinvestissement

:
1

&
8

lllllllllllllllll

8
g

8
&

o

Models | Problems | | Project | Optimization | EI |

El X global.gaincoutoper ationnel VI
¥ global.coutdinvestissement ~_I__|
[ Pareto only ]

Point
0
| 1
|2
'3
4
)
6
| 7
8
9
‘Probiems

EI result

Optimization result
Blocks | Recomp. vars 1 Plot

Misc,

[Cekdate all variables from selected polnts] [] Force recomputation

, .
0 10000 20000 30 000 <0 000 50 000 60 00O 70 000 80

(=) %
L)
Bl
8
[
=
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(]
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Multiple-Shooting and Collocation
Dynamic Trajectory Optimization

« Minimize a goal function subject to model
equation constraints, useful e.g. for NMPC

« Multiple Shooting/Collocation

Solve sub-problem in each sub-interval
ti+1

xi(tiy1) = hy + f f (), ut), t) dt = F(t;, tiyq, hiuy), x; (t;) = h;

ti

Example speedup, 16 cores:

MULTIPLE_COLLOCATION

16.0
14.0
12.0
10.0

8.0

6.0
4.0
i
0.0 — ] . . .
4 8 16

1 2

ipopt [scaled] mjac_g [scaled]

h —-—— - —— - —-—— -
f. R S R N S S N N S R -

+ - -
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OpenModelica Dynamic Optimization Collocation

Cost Con-
Da function straints
Weight .
Residual
ODE sum of the :
equations
cost

a2

n 2

. 2

Collocation technique

- ¥ @

Discrete NLP

OpenModelica

Discrete Discrete
goal constraint

function function

Gradient Jacobian

Hessian
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General Tool Interoperability & Model Exchange
Functional Mock-up Interface (FMI)

Automated
with ECU systems cargo door roadway, ECU (e.g. ESP)

functional mockup interface for model exchange and tool coupling

courtesy Daimler

 FMI development was started by ITEA2 MODELISAR project. FMI is a
Modelica Association Project now

 Version 1.0

 FMI for Model Exchange (released Jan 26,2010)

 FMI for Co-Simulation (released Oct 12,2010)

 Version 2.0

 FMI for Model Exchange and Co-Simulation (released July 25,2014)
« > 80 tools supporting it (https://www.fmi-standard.org/tools)
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Functional Mockup Units

Import and export of input/output blocks —
Functional Mock-Up Units — FMUs, described by

« differential-, algebraic-, discrete equations,

« with time-, state, and step-events
An FMU can be large (e.g. 100 000 variables)
An FMU can be used in an embedded system (small overhead)
FMUs can be connected together

——
—
u:
Yz
Y4

..................
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OMSimulator — Integrated FMI and TLM-based
Cosimulator/Simulator

Main Framework Aspects

Unified co-simulation/simulation tool
* FMI 2.0 (model exchange and co-

C-API OMSimulator simulation)
interface = Integrated TLM & FMI « TLM (transition line modelling)
l[ibOMSimulator « Real-time and offline simulation

OMEdit . .
Standalone open source simulation tool

with rich interfaces
* ClJava
OoMC « Scripting languages

FMI component Composite FMI
TLM component P component Co-simulation framework as a solid base
FMI component < for engineering tools
Papyrus * Integration into
OpenModelica/Papyrus
— ADAMS wrapper « Open for integration into third-party
Scripting tools and specialized applications
Beast wrapper (e.g. flight simulators, optimization)
Simulink wrapper
EMI EMU OMSimulator in OpenModelica 1.12.0
* Supports both FMI and TLM
Modelica model + TLM connections are mandatory (optional in the future)
» Co-simulation to multiple tools
» Composite model editor operational
+ External API interface and scripting not yet finalized
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OMSimulator Composite Model Editor with 3D Viewer

&% OMEdit - OpenModelica Connection Editor - [Pendulum] — O >
e M S PR, o =+ Composite model editor with
s = /A B | wse |omgam e [ o | Bt 2 3D visualization of |
N connected mechanical
| Medcicasenices model components which
Modelce. can be FMUs, Modelica
- - r models, etc., or co-simulated
components
- "+ 3Danimation possible
« Composite model saved as
XML-file

t Welcome &% Modeling 28 Plotting @ Debugging

VLl
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OpenModelica Functional Mockup Interface (FMI)

FMI Export

Y [oYs [=] [Tor- W (o To [}

OpenModelica
Compiler

Translator, Analyzer
& Optimizer

Code

Generation
Model Description,

DLL & FMI interface
functions

FMI Import

OpenModelica

Compiler
FMU parsing,
reading states &
events

Code
Generation

Modelica Code
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FMI in OpenModelica

Model Exchange implemented (FMI 1.0 and FMI 2.0)

FMI 2.0 Co-simulation available

The FMI interface is accessible via the OpenModelica scripting
environment and the OpenModelica connection editor

| Generate input connector pins
[¥] Generate output connector pins
* This feature is experimental, Most models are not yet handled by it.

[ oA OMEdit - Import EMI = |
Import FMI
FMU File: || | i Browse. ..
OQutput Directory (Optional): | Browse. ..
* If no Output Directory specified then the FMU files are generated in the current working directory.
Log Level: [Wﬁl'l'l"lﬂ hd I
[7] Debug Logging

86
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OpenModelica Code Generators for
Embedded Real-time Code

« A full-fledged OpenModelica-generated source-code FMU
(Functional Mockup Unit) code generator

« Can be used to cross-compile FMUs for platforms with more
available memory.

« These platforms can map FMI inputs/outputs to analog/digital 1/0 in
the importing FMI master.
 Avery simple code generator generating a small footprint
statically linked executable.

* Not an FMU because there is no OS, filesystem, or shared objects in
microcontrollers.
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Code Generator Comparison, Full vs Simple

Full Source-code FMU Simple code generator
targeting 8-bit AVR proc | targeting 8-bit AVR proc

Hello World 43 kB flash memory 130 B flash memory
(0 equations) 23 kB variables (RAM) 0 B variables (RAM)
SBHS Board (real-time 68 kB flash memory 4090 B flash memory

PID controller, LCD, etc) | 25 kB variables (RAM) 151 B variables (RAM)

The largest 8-bit AVR processor MCUs (Micro Controller Units) have 16 kB SRAM.
One of the more (ATmega328p; Arduino Uno) has 2 kB SRAM.

The ATmegal6 we target has 1 kB SRAM available (stack, heap, and global variabl

/772
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The Simple Code Generator

Supports only a limited Modelica subset
No initialization (yet)
No strongly connected components
No events
No functions (except external C and built-in)

Only parts that OpenModelica can generate good and efficient code
for right now (extensions might need changes in the intermediate

code)

Unused variables are not accepted (OM usually duplicates all
variables for pre() operators, non-linear system guesses, etc...
but only a few of them are actually used)

FMU-like interface (but statically linked)

/772
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Communication & 1/O Devices:
MoDELICA_DEVICEDRIVERS Library

[ IModelica_DeviceDrivers
+@User's Guide
- [=]Blocks
+ (v Examples
+[_JPackaging
[ JCommunication
-[@}sharedMemoryRead
-{1]SharedMemoryWrite
-fa]UDPReceive
-Pa]UDPSend
-[=}serialPortReceive
-f=]SerialPort$end
’;-DSDﬁingCAN
+[_|SocketCAN
v Intemal
--[ JInputDevices
~[ZHoystickinput
~[OKeyboardKeylnput
-[®IspaceMouselnput
-[EKeyboardinput
[ |Types
+[_|OperatingSystem
+[Hardwarel©
2 {HInterfaces

>

Free library for interfacing hardware drivers

Cross-platform (Windows and Linux)

UDPR SharedMemory, CAN, Keyboard,

Joystick/Gamepad

DAQ cards for digital and analog 1O (only Linux)

Developed for interactive real-time simulations

uDPRecene
-

O%E

Dr—

dACWrile
P taciremi d )
Subdevice: 1
Channet 0
Ts001s

o)

Devica. comedi

) cANCanfi = synchronizeReallime
sharedilemoryiead ) niessage ¥
CANusb_1 g Rx i dant i
=3 0,01)s A0 By
‘ EI E ke (s
. \ Ea
Reatime
dioRead joystickinput spaceMousenpul  keyboardinpul
fSubdevice: 2 i “.) G b5 3] g
Channel 1 B g !
Ts:001s |- > :
’\ » . - -
\ s L AW
Device comad

https://github.com/modelica/Modelica DeviceDrivers/
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OpenModelica and Device Drivers Library
AVR Processor Support

No direct Atmel AVR or Arduino support in the OpenModelica
compiler
Everything is done by the Modelica DeviceDrivers library

All 1/O is modeled explicitly in Modelica, which makes code
generation very simple

Modelica Device Drivers Library - AVR processor sub-packages:
|0.AVR.Analog (ADC — Analog Input)
10.AVR.PWM (PWM output)
|0.AVR.Digital.LCD (HD44780 LCD driver on a single 8-pin digital port)

OS.AVR.Timers (Hardware timer setup, used by real-time and PWM
packages)

OS.AVR.RealTime (very simple real-time synchronization; one interrupt per
clock cycle; works for single-step solvers)

/772
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Use Case: SBHS (Single Board Heating System)

Single board heating system (lIT
Bombay)

Use for teaching basic control
theory

Usually controlled by serial
port (set fan value, read
temperature, etc)

OpenModelica can generate
code targeting the ATmegal6
on the board (AVR-ISP
programmer in the lower left).

Program size is 4090
bytes including LCD driver _
and PID-controller (out of 16 Movie Demo!
kB flash memory available).
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OpenModelica — ModelicaML UML Profile
SysML/UML to Modelica OMG Standardization

* ModelicaML is a UML Profile for SW/HW modeling
« Applicable to “pure” UML or to other UML profiles, e.g. SysML

« Standardized Mapping UML/SysML to Modelica

« Defines transformation/mapping for executable models
« Being standardized by OMG

« ModelicaML

« Defines graphical concrete syntax (graphical notation for diagram) for
representing Modelica constructs integrated with UML

* Includes graphical formalisms (e.g. State Machines, Activities,
Requirements)

« Which do not exist in Modelica language
« Which are translated into executable Modelica code
» |s defined towards generation of executable Modelica code
« Current implementation based on the Papyrus UML tool + OpenModelica
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Example: Simulation and Requirements Evaluation

emadels
(Two Tank abystemExample:: SystemSirmulations)
TankSystemSimulation

= ecomponents dm: TanksConnectedP!

= erequirementinstances 01 _tank1: Max level of liquid in a tank
=Nequirementinstances 001 _tankZ: Max level of liquid in a tank
= wgmentlnstances W02 _tank1: Yolume of the tank

i Plot Window

File  Edit

A

Req. 001 is instantiated 2 times (there
are 2 tanks in the system)

o
N
[ tank-height is 0.6m J/

Req. 001 for the tank2 is
violated

Inserk

Tools  Help

| Open Save | Print | Selsct | Zoom | Pan | Grid | Hold | Prefersnces | Active | Image

EBX

Plot by OpenModelica

0.8

0.z

i

\./_/'\ﬁ Crrond_tankd violaked

@ dm.tanki.h

@ dm.tankz.h

M @ro01_tankz violated

50

100

150 200 250 300 350
time

\/
Req. 001 for the tank1 is not
violated

98

Copyright © Open Source Modelica Consortium



vVDR Method —
virtual Verification of Designs vs Requirements

Actor Task Created Artifact
-~ Formalize RMM || Requirement
@ Requirements Monitor Models —
) Analyze Modify

[t Designs
@ Formalize Designs Alternative

Models

/ .

e Formalize || Scenario Verify
@ Scenarios Models

Goal: Enable on-demand
Create Verification Verification Models verification of designs
Models . .
against requirements
using automated model
Execute and 0 Reports composition at any time
Create Report S during development.

Analyze Results

%_’D
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ABB Industry Use of OpenModelica FMI 2.0 and Debugger

« ABB OPTIMAX® provides advanced model based control products
for power generation and water utilities

« ABB: “ABB uses several compatible Modelica tools, including
OpenModelica, depending on specific application needs.”

« ABB: “OpenModelica provides outstanding debugging features that
help to save a lot of time during model development.”
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Recent Large-scale ABB OpenModelica Application
Generate code for controlling 7.5 to 10% of German Power Production

ABB OPTIMAX PowerFit

* Real-time optimizing control of large-
scale virtual power plant for system
integration

« Software including OpenModelica now
used in managing more than 2500
renewable plants, total up to 1.5 GW

High scalability supporting growth
« 2012: initial delivery (for 50 plants)
« 2013: SW extension (500 plants)

« 2014: HW+SW extension (> 2000)

e 2015: HW+SW extension,
incl. OpenModelica generating optimizing
controller code in FMI 2.0 form

Manage 7.5% - 10% of German Power

« 2015, Aug: OpenModelica Exports FMUs
for real-time optimizing control (seconds)
of about 5.000 MW (7.5%) of power in
Germany
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Industrial Product with OEM Usage of OpenModelica —
MIKE by DHI, WEST Water Quality

MIKE by DHI, www.mikebydhi.com, WEST Water Quality modeling and

simulation environment

Includes a large part of the OpenModelica compiler using the OEM license.

Here a water treatment effluent and sludge simulation.

e

T cecmens o veacoren . . 2 .. e
(i)

Home  Insert  View  Took
(24 Logging | ] ASM1PlantMLE2.SmulExp | = ASUTanks = Effluentand Sludge | 4 b x | Model Explorer 2 % || Block Detals : .Anoxic
Evaluation || Effuent: ASM specs || Effuent: custom specs @ & 6|~ Parameters | QoraeagliDescintion)
0.95335554 27.024234 ¢ con o Tss B oot ENERCITR )
141 [gim3] [g/m3] [gim3] S
0.54338884 25024294 - pe Mame | value [ it -
y Py
092338884 id ° ° ° f b »| v Category: Manipulsted variables
23.024254 1 45.289581 31561871 9.43704; Ezin .
050338884 | %2 outt ~ Group: Operation
2] 45.773552 29.725839 s —
0.88338884 P EE . v £ Anodic [ Temp 20 degC
0.86338884 19.024294 | 3 5.035847) 2936299 taln ia 0 1/d
4 44040595 34.262537 12.205% —
084338884 R || 1 £ outy | | v cotegory: Parameters
P — e onenns B 5| 42345799 37.056501 12,6520 v T2 Inkt ~ Group: Composition
0.80338884 8 || 8 42.757963 37.434967 13.067527 £z In[y 1 5D 0.086]-
CLEEEEEED TS ‘ i 7 43.097458 37.505334 13.41812¢ £ 1n[2) — or el
0.76336884 . mE | 8 43394997 37395354 13.71643: ekl — -
‘ | | I B o 43.65701 37.132692 13.97481¢ £ outt H T e
074338884 s o2ezsms i | | | || - - 97481 v 5 Loop1 F_BOD_COD 0.65 -
0.72338884 1 on42ene i | | | i 10 43.892176 36.733418 14204207 a1 — e FES
0.70338884 DR AE l ‘! | H H‘ 11 44091757 36.2113 14.40204 s out | [~ Group: Dimension
0.68338884 5.0242936 ! L | i [ | 4 + = Loop2 -
ANANMAL A YANRI 1 (ThE | 12 44259402 3557176 14.57349¢ £ toog o | p
0.66338884 3.0242936 [ Wh 13 44.39874% 34.815228 14722521 = m
064338884 I { AIRLEL LY ] 14 44512905 33.540434 14.85255¢ £z out R —
10242936 - g g © a Municipality K 1 g/m3
101 111 116 121 126 131 101 106 111 121 126 131)| | i) 4604535 32543553 14.966504 2 out | KH_H 0.05 -
. . .. . o B 16 44.67607 3181922 15.06663; © % Fipeut e ] =
— Removal_t _ — s 1 . —
B 17 44729283 30.560761 1515491 Eain e 0.4 gin3
. v 2 Spiitio —
B 18 44766027 25.161264 15.23303¢ B i o o2lama
Sludge profile /|| sludge profile L4 19 44.787766 27.614122 15.30240¢€ =20 — e 20 g/m3
) 44795784 25.914331 15.36423¢ £= Outll] — -
S ] 21 44.791435 24.060378 15.41956 £z oul] — =X 0.03/ah3
10000 - . v 2 spiitwas Temp_Ref 20 degC
1 44.776078 22.057107 15.46329 . —
SST.X_Layer[2] — = Theta KX 1116 -
N 3 44.751554 19.920096 15.51422¢ £ oury Theto b A PN
_SST.X_Layer[3] L 24 44.720324 17.682199 15.555032 a2 out(2] ] Theta_b_H 112 -
25 44.685777 15.402657 15.59229¢ v Bz ssT m L
1000 — ot Theta_k_a 1072 -
E 44.652394 13.176924 15.62647¢ : —
.SST.X_Layer(4] L = outt Theta_k_h 1116 -
H 27, 44.625761 11137855 15.65730¢ = ouz Theto,ma A L3l
_SST.X_Layer[s 2 —
_Layer[s] H £ 44.610679 0.4252418 15.68675 Theto,ma Toral
2 44,6087 s.119762 15.71307 —
SST.X_Layer(6] 1 bA 0.15 1/d
-SSTX £ a4.617227 7.1962705 15.73686: —
100 . bH 0.62 1/d
EN 44.631905 6.563942 15.75817¢ . o
-SST.X_Layer[7] 32 44.649248 Centrol Center
33 44.666843
.55T.X_Layer(s] — 4 PRy Experiment
. " Start current stop it
SST.X_Layer(s] e @ [o [JEES JJE= |la
s i i Runno Info
.SST.X_Layer(10] | bl LR [ I | E
o 10 0 100 | S|y = p
“ i
@ c:\pev D 1_PlantMLE\ASM1_PlantMLE2. Simul. Exp. xml
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Performance Profiling for faster Simulation
(Here: Profiling equations of Siemens Drum boiler model with evaporator

» Measuring performance of equation blocks to find bottlenecks
« Useful as input before model simplification for real-time applications
* Integrated with the debugger to point out the slow equations

« Suitable for real-time profiling (collect less information), or a complete
view of all equation blocks and function calls

FGport_a SteamPor

runm_ , Evalsource CrumWa lIHe at Mass 40
L x| 1t Lol H ez n N

Conclusion from the evaluation:

“...the profiler makes the process
of performance optimization

radically shorter.”
FGport_| FWport
= A g,
V8 S8 s
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OpenModelica MDT Algorithmic Code Debugger

File Edit Navigate Search Project Run Window Help

getValueMultiphedBy Two at simulationmodel meo:13
= egFunction_3 at simulationmodel.mo:5
o C\Users\adeas31\workspaceMDT\HelleWerld\SimulationModel,exe

List of Stack Frames

%5 Debug 37 % 0> (0 B |2 .8 S 1% 5 © O)0d-Variables 53 . 9 Breakpoints) = MDT DataStack) £ <% 5| &° X % | [ 5 © = O]
% Simulation Model [Modelica Developement Tooling (MDT) GDB] Name Declared Type Value Actual Type
o,
i® Mot @ inValue Real 1 double
of® Main Thread (stepping) @ outValue Real 6.9453280720608359¢-308  double

| I SimulationModel.mo 3 S

~model SimulationModel
Real x(start = 1);
Real y(start = 1);

algorithm
x := getValueMultipliedByTwo(x);
y i= X;

end SisulationModel;

function getValueMultipliedByTwo
input Real inValue;
output Real outValue;

(=&  algorithm

) outValue := inValue * 2;

end getValueMultipliedByTwo;

Variables View | & o = RN ]

&4 Tasks E'__ Problems 0 Executables

- getValueMultipliedByTwo
o inValue (Real - IN)
o outValue (Real - OUT)
IV SimulstionModel

e Xx

ot |

B x % GHEE e -r5-=0

Simulation Model [Modelica Developement Tooling (MDT) GDB] C:\Users\adeas31\workspaceMDT\HelloWorld\SimufstionModel, exe

Output View
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The OpenModelica MDT Debugger (Eclipse-based)
Using Japanese Characters

~% Debug - trunk/testsuite/maosfil il Function.mao - Ji 5
I -SSR A

Eile Edit MNavigate Search Run Project Window Help
w ||"—1¢ B0 ® P ] T TR oy ooy T | %5 Debug
Correct Indentation | Build project [ Modelica
%5 Debug 2 e 4T O | BT %| i 7 ¥ = O |[#9= Variables 22 . % Breakpointq +h E|| e %~ — 0O
7% MDT GDE [Modelica Developement Tooling (MDT) GDE] 21| Name Declared Type  Value
i MDT , & FrY - H— - F/ - 2—-Z— Real 15
af# Main Thread (stepping) & TTwA-Auh-Fr Real -4.836697827222
= A—mE—FTUwH— - Ow4 3R at quotedfunction.mo:5
= Ceval_cevalCallFunction at Ceval.mo:1294 .
= Ceval_ceval at Ceval.mo:318
= Interactive_evaluateExpr at Interactive.mo:935
= Interactive_evaluateExprToStr at Interactive. mo:985
= Interactive_evaluate? at Interactive.mo:507 L]
= Interactive_evaluateToStdQut at Interactive.mo:329
= Interactive_evaluateTaStdQut at Interactive.mo:333
§ I.n.te.ra:.:tive_le?ra'l_glatejl'f:l:‘-tfiﬁut a}ETteradive.mo:BBB El ] = | s
[£] moGenerater.c ( Main.mo ﬂ@ Util.mo (@ System_omc.cpp (@ systemimpl.c ( QuotedFunction.mo &3 P =0
function 'F—MUE-FUuh— Oui T
input Real 'Fp-HF—FHH— -3,
ontpat Real "I Tuhk-Fplir;
algorithm
® Ay Aub-Fn = sin o FES-H T =2
end 'F—MUE-TUwh— 09030
'l 3
El Consale 2 E.Taskqg_g Problemﬂﬁ Executables} x 5% | Exe Eﬁl [l = A i =
MDT GDB [Modelica Developement Toeling (MDT) GDE] C\OpenModelica\trunkitestsuite\ bootstrappingimain.exe
true e
Il [
=
u
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OpenModelica Equation Model Debugger

@ OMEdit - Transformational Debugger l = |8 &J
@ Va ria bles View OpenModelica/OMEdit/Modelica. Mechanics. MultiBody. Examples. Elementary. DoublePendulum_info. xml Sou rce View
Variables Source Browser
e Defined In Equations Used In Equations [: fOpenModelicaftrunk /build/li... Mechanics MultiBody/Joints. mo S h OWI n
frame Index Type Equation Index  Type Equation //{ relationships between - g
|:|Case Sensitive Regular Expression quantities of frame a and of .
BpandAl || Colapseal | frame b E equation
pa/ p fra_rr.e_b.:r_o = fra_rr.e_a.r_o; .
Variables Comment  ~ transformations
] e ) [ if rooted(frame_a.R) then
JE! boxBodyl Absolut..frame_a Variable Operations R rel = - Of a model_
B bedy Absolut..frame_a Operations Fraﬂ.es.ElanarRotation(e, -
Eframea  Positio..d frame solved: boxBodyl bodyframe_a.RT[L1] = boxBodylframe_bRT11] phi_offsec = phi, w):
. Y Y ¥ frame b.R =
ER Absolut..| frame substitute: boxBodyl.body.frame_a.R.T[1,..xBodyl frameTranslation.frame_a.R.T[1,1] Frames.absoluteRotatid g — y + der(x * time * z); z = 1.0;
| |>T Transfo..| frame  _ a.R, R _rel); 4 N
< = | \ " . 323 frame a2.f = - . )
: Equations View Frames.resolvel (®_re1) (1) substitution:
\Couations frame_b.f); y + der(x * (tlme i Z))
Equations Browser Defines Depends Frame a.t = - =
Ind)ex Type Equation * || Variable . Variable M Fra.rr.es.resoIvel(R rel, .
L1z d B frame b.t): - y + der(x * (time * 1.0))
819  regular (assignm...era_rel world.frame_b.f[2] boxBodyl.frame_b.R.T[1,2] .e'_sn;_ ’
820 regular (assignm...olute?.a boxBodyl.frame_b.R.T[2,2] 1 E rel = (2) simplify:
821 regular  (assignm..era_rel revolutel frame_b.f[1] B F.r?_rr.es.planarR.m_:ation y + der(x * (time * 1.0))
X phi_offszet + phi, w):
822 regular  (assignm..e_a.f[2] revolutel frame_b f[2] - frame a.R = =>
823 regular  (assignm..e_af[l] | |Equation Operations Frames.absoluteRotatic y + der(x * time)
824 regular  (assignm..e_bf[2] —|| Operations - b.R, REIEl];b .
rame b.f = - . : :
825  regular (assignm...e_b.f[1] solve: -world.frame_b.f[2] = (-boxBodyl..ame_b.R.T[2,2] * revolutel frame_b.f[2] Fra_rr_es.resoIvel(R rel, (3) expand derivative (symbOllc
F826 regular  (assignm..e_bit[2] scalarize(2): {-world.frame_b.f[1], -worl...rame_b.R.T[2,2]) * revolutel frame_b.f[2] |E frame a.f); diff):
= _ * 1
| 827 regular  (assignm...e_bf2] simplify: -{boxBodyl.frame_bR.T[1,1]* .1 frame_b.f[2], -revolutel frame_b (3]} frame b.t y + der(x * time)
B Frames.resolvel (R_rel, =>y + (x + der (X) * time)
828 regular (assignm..e_b.t[2] inline: -Modelica.Mechanics.MultiBody.Fr.e_b.f[2] + 1.0 * revolutel frame_b.f[3]} frame a.t):
829 regular (assignm...xed.phil substitute: -Modelica.Mechanics.MultiBo... frame_b.f[2], revolutel frame_b.f[3]}) end if; (4) solve:

0.0 =y + (x + der(x) * time)
=>
der (x) = ((-y) - x) / time

Mapping run-time error to source model position i
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Transformations Browser — EngineV6 Overview
(11 116 equations in model)

OMEdit

Transformational Debugger

B fempfOpenModelica_marsj/OMEdit/Modelica Mechanics MultiBody Examples.Loops. EngineVs_infoxml

Variables | Source Browser
‘Variables Browser  Defined In Equations | Used In Equations | fuspflibfomlibrary/Modelica 3.2.1/Mechanics/MultiBody o
phi index = Type Equation Inc > Type | Equation ; Connections.branch{frame_a.R,
=T Regular Expression . |' 587 initial [nanlinear) o regular (assignment) cylinder...cos(cylinder3.B2.phi) Trame_b.R):
Expand All Collapse All 5016 regular  (nonlinear) e regular (assignment) cylinder3... sinfcylinder3.82.phi) assert(cardinality|frame a) = @,
- | {a%si I inder. s linder3, B2 phi) "Conmector frame af revalute
variables * Comment Line Location | rrgular 'ﬂ“fgn'?‘rnl:l ryt!ndrr i :n dﬂ ]szll. joint is -.._:1 cn:'l'n.--.f.l:':l'_ﬂ.
L phi Exter...phi]l 6616 fusifli...onalmo L regularlassignment) clindercosicylinderd B2 phi) essert(cardinality{frane b} = @
phi Relot._ame. b 260 Ayl Insmo ... regular [assignment) dericyl.._der3 Rod body.w_a[1] *Connector frame b of revolute
. — S r... regular (assignment) derfcyl...derd.Rod body.w_a[1] joint is not connected®);
* phi_offset Relatl...+ phi] 242 fusrfli.. ints.ma )
r... regular [(assignment) derfcyl...der3.Rod.body.w_a[1]
= lar (assi ) dericyl...ders.Rod.bod ; angle = phi offset + phi;
i regular (assignment) dercyl...derd.Rod.body.w_a[1] W = deriphi]:
) a = der(w);
phi Dumm...body BO5 fusgfli...arksmo [Varabls ey !
phi[1] Cumm...body 805 Jfusgfli..artsmo .D p—— /¢ relationships between quantities
phi[2] Dumm... body BOS Jjuseli., artsmo perat of frame_a and of frame_b
phi[3] Dumim... body BOS jusefi. artsmo frame_b.r_ 8 = frame_a.r_6;
phi_d = der{phi) BOg  fusrfli...artsmo if roatediframe_a.R} then
phi_d[1] = der{phi) BO%  fusgli...artsmo 321 R_rel = Frames.planarfotationie,
nhi dl?1 = derlnhil RS  fusefllartsma - phi_offset + phi, wi;
Equations frome b.R =
9 = Frames . absoluteRatation Trans a.R,
Frjuatinns Rrowser Defines Depends R rel}: -
Inc * Type  Equation variable = | \ariable - N frame_a.f = -
regular [assignment) cylind ... ylinder3. Cylinders derjeylinder3 B2 R_rel.T[3,3]) cylinderd. B2 ph Frﬂ"ts%::ﬁ:l:cyﬁ'r_-ﬂ + frame b.1);
regular (assignment) cylind. . linderd gasForce L) eylinderd Red body.w_a[1] Frames. resolveliR_rel, Frame b.t);
... regular [assignment) cylind.. linderd gasForcex) else
I A_rel = Frames.planarfotation]-e,
... regular (assignment) cylind...linder3.gasForcev) : : . - '
€0 9 e g . |Equation Operations phi_offset + phi. w);
.. regular (assignment) cylind...linder3.gasForce.L) : T frane a R =
1 Operat 8.
o regular (assignment) cylind. . linder.s else 1e-06 Lol - — - - Frames . absoluteRotation(frame b.R,
| regular (assignment) cylind...k2.frame_b.AT(2.3] I sobved: der{cylinder3.82.R_rel.T[3,3]) = [-sin(cylinder3,82.phil) * cylinder 3.Rod. bady.w_a[1] R rell;
| ’ o ) . I substitute: [-sin(cylinder3, 82 phi)] * eylinderd. B2 w == -sinfcylinder3, B2 phi)] * eylinder. Rod body.w_a[1] frame b.T = -
= Foguaar (insace_rels = Fra...r.0- frame_s/_0):) differentiate: deosfoylinders.B2 phi/dtime = (-sincylinder3 B2 phi)) * derfcylindera B2 phi) Fromes. resglvel(R_rel, Trome u.1);
regular (linear,frame_bor O=... *{5_offset + 510 ) o ey -=e-pily ot -"'_ o R Y Hep frame b.t = - -
regular (assignment) cylind.. linder1 gasFaree x) differentiate: deylinder3.B2.R_relT[3,3]/dtime = der{cylinder3.B2.R_relT[3,3]} Frames. resolvel(R_rel, frame_a.t);
L regular (assignment) cylin.. linder3.gasForce p I scalarize(s): cylinder3.B2.R_relT = {{1.0, 0.0, 0.0}, [-0u0, c....B2.phi}}} == cylinder3.B2.R_relT[3,3] = coscylinder3.B2_phi) end if;
N . T= & -{0* . g oyl B2. i
L... regular [assignment) cylind...r3.gasForce.d * 2.0 5-m|:-l:f'§.-. c[t.tlndetrs.ﬂz.ﬁ_reL : .[{1.0 1.0+ (1.0- 1.0 * 1.0)....B2phi)], {l:l.::l. 5-n|c)l|nder3;E-2.phﬁ-l,{.{:‘s.cy inder3.B2 nl?-]], ¢/ d'Alemberts principle
L. regular (assignment) cylind.. linder3.gasForce.k) I substitute: {{cdinder3.B2.e(1] * cylinder3.B2.e[1] + (1.0- gy...2.phi), 0.0 * 0.0+ (1.0 - 0.0 * 0.0) * cos(cylinder3.B2.phil}} tau = -frame b.tee:
L regular [assignment] cylind...ody.w_a[1] - loadw inline: cylinder3.82.R_rel = Modelica.Mechanics.MultiBody....[Z] * cylinder3.B2.w, cylinder3.82.e[3] * cflinder3.B2.w]) -
‘ regular (assignment) derc...r3 Rud-bod;.-w al1] original: B_rel = Frames.planarfotation(e, phi_offset « phi, w); == flattened: J§¢ Commection to internal .
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Equation Model Debugger on Siemens Model
(Siemens Evaporator test model, 1100 equations)

@ OMEdit - Transformational Debugger - X

[ | Espymami ero patetz Tests Bofers Evanest_c info sen

Variables [Source Browser ]
Variables Browser | [Defined In Equations Used In Equations C:fOperiiodslica1. 3. /lb/omiibrary/Modelica 3.2. 1/Blocks /Math.mo
Find | @ |index  Type  Equatien Exccution Max[Index  Type  Equation Execution Ma: extent={{-100,-100}, { ~
Variables Comment Line  Location 100,100}}), graphics={Rectangle(

Sesel 0 extent={{-100,-100}, {100,100}},

Scsed 0 lineColor=4{0,0,255},

Scsed 0 fillColor={255,255,255},

Scsed o fillPattern=FillPattern.Solid),Line (points={{-100,86

o H 03, (-40,603, (-30,

Evap Structur..ractions 4481  C:/OpenMod.. package.mo 40}}, coloxr={0,0,255}),Line (points={{-100,-60},

FGflow Output .artTime 421  C:/OpenMod..Sources.mo . . . b, {30,401,

FGinV Volume...port_b) 333 C/Openhode..terfaces.mo color={0,0,255}),Line (points={{50,0}, {100,0}},

FGinVu Constan..tvalue 238  C:/OpenMod..Sources.mo ,0,2551),

FGoutV =true..volume 243  Ci/OpenMode..terfaces.mo || ¢ ; bt

FGoutyu Constan..tvalue 238 C/Openblod..Sourcesmo Lins(points={{-30,0},{30,0}},

FGoutletVu  Constan..tvalue 238  C/OpenMod..Sources.mo _— . #0,01), Line (points={{-15,

FGsink Boundary density 13 Ci/OpenMod..Sourcesmo || Operatio y — u u 25.99),{15,-25.99}},

FGsource Getthe..nnector 446 C/OpenMod..Seurces.mo ] ,0,0}),Line (points={{-15,-25.99}, {15,

FGtemp Duratio.aStep) 412 Ci/OpenMod..Seurces.mo 25.99}3, color={0,0,0}) Ellipse (extent={{-50,50}

FWinlety A (metr.. fficient 436 C/OpenMode...d/Valves.mo T . T M . ’ o ’ P ’ ’

Rims  Comonioie 5 Clovomtes owenon at gives division Zero o

FWoutletV  Tempera..=true 346 C/Openhode..terfaces.mo lineColor={0,0,255}}})):

FWpump Needed..necter 333 C:/OpenMod... froduct ;

FWpump_h  Height of ramps 417 Ci/OpenMod...
FWpump_p  Offseto.tsignal 420  Ci/Openhod
Steamsink  Densit..medium 4434 Ci/OpenMod
system Constan..eration 14 CifOpenMod

block Division "Output first input di
extends Interfaces.SIZS0;

ded by second input”

equation

'qui y = ul/u2;

Equations I’ annotation (
Equations Browser Defines / Depends Documentation (info="<html>
Index  Type  Equation ~|[variable Variable <E? ) tee tn out <boye/bs (ol s
Thi comp P lem -wise)
1461 reguler  EvapHexlnC.Usl1]:= Evap.HerlnComsl1] ~Evap) | |EvapHexLnQ2.add1.ul Evap Hex.LnQ2 division2.u2 ThLs Dhock compubes RO outpub shryesbs (elemen sel
1462 regulsr  Evap.HexnC flowModel.mus{1] = Modelica Med by <i>dividing</i> the corresponding slements of
1463 regular  Evap.HexLnC.mediumsl1l.sat.Tsat i= Modelica.Me the two inputs <b>ul</b> and <b>u2</b>:
1461 regular  EvapHexLnCmediums[2lp bar:= 1e-005 * Evap.l </p>
1465 regulsr  Evap.HexnCaststesPMI2].phase i= if Evap.Hex.Ln, ipres
1466 regular  Evap.HexLnCheatTransfer.Ts[2] := Medelica.Medi y Zoul / uzs
1467 regulsr  EvapHex nCmediums[2l.T degC iz 273.15 + Ewi ¥ ;
1468 regular  Evap.HexLnCstatesPMI2].d i= Modelica. Media.W: </pre>
1469 regulsr  Evap.HexLnC.ms[2] i= Evap.HexLnC fluidVolumes
1470 regulsr  Evap.HexnCmediumsl2l.u i= Evap HexnCmed </html>"),
m; vﬁgu:ar Evap‘:a-tnggsllh:;v‘ap-His;-]Lan'sd[l‘l_'E\Gpél Tcon (coordinateSystem(
72 reguisr  EvapHexnCflowModel. mus(2] = ModelicaMe .
1473 reguler  Evap.HexLnCmediums(2].sst.Tsat i= Modelica.Me preserveAspsctRatio=trus,

1474 regulsr  EvapHexLnC flowModel Fs_p[1]:= 0.5 * (Evap.He. / extent={{-100,-100}, {100,100}},

1475 regular  Evap.HexlnCflowModel.dps_fg(1l:= -2.0* DIVISI, initialscale=0.1), graphics={

1476 regular  Evap.HexLnC.m _flows[2] := Modelica.Fluid.Pipes.. Line (points={{50,0},{100,0}}, color={0,0,127}),

14:7 regular Evap‘HEx.LnCﬂDwMDde\.rr\[u]sj(t[T] i= if noEven., et Line (points={{-30,0},{30,0}}),

1;& ::g:::: E::iuzt:gf_‘x’xﬁgt ;m"ﬁ:‘a;:?:’:‘;ﬁg- b Ellipse(fillPattern=FillPattern.Scolid, extent={{-5,20},
1480 regular  Evap.Hex.LnCflowModel.thos_act[1]:= if noEvent.
1481 regular  Evap.HexnCstate_a.T:= Modelica. Media.Water...
1422 regular  Evap.HexnCstate_a.d := Modelica Media.Water
1483 regular  Evap.HexnCastate b.T
1424 regular  EvapHexnCstate b.d
1485 regular  Evap.HexLnQlAreay

Hex LnQ2.add1.ul = 1.0 / Evap.Hex.LnQ2.division2.u2

frution: Evap.Hex.LnQ2.adivision2d 1.yu 1 -
ning: Evap.Hex.LnQ2.division2.y = Evap.Hex.LnQ2.division2.u1 f Evap.Hex.LnQ2.division2.u2; {5,30}1),

Ellipse(fillPattern=FillPattern.Sclid,
extent={{(-5,-30},{5,-20}}),
Ellipse(lineColor={0,0,127}, extent={{-50,-50},

{50,503 1),

Text (
lineColor={0,0,255},
;110}, {150,150} },

4w a5 SWE L

2016-04-25
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Debugging Example — Detecting Source of Chattering

excessive event switching) causing bad performance

OMEdit - Transformational Debugger

£ | /tmp/OpenModelica_marsj/OMEdit/Debugging.Chattering.ChatteringEvents1_info.xml

Variables

| [Source Browser |

Variables Browser

[Defined In Equations

|[Used In Equations

Find Variables

]

w

| /home/marsj/trunk/testsuite/openmodelica,

within ;

package Debugging "Test
cases for debugging of
declarative models"

package Chattering "Models
with chattering behaviour®
model ChatteringEventsl
"Exhibits chattering

after t = 0.5, with

-

Inc * Type Equation Inc ¥+ Type Equation
_] Case sensitive Regular Expression 2 |:2 initial  (assignmen...0 else 1.0 tB initial  (assignment) y=2.0*z
Expand All Collapse All 5 regular (assignmen...0 else 1.0 6 regular (assignment)y=2.0%*z
Variables ¥ Comment Line Location
X 7 /hom...g.
y 8 /hom...g/
z 9 fhom...g.
[variable Operations
Operations
Equations |
Equations Browser | [Defines |[Depends
Inc ¥ Type  Equation Variable v |Variable v
1 initial  (assignment) x = 1.0 z Ly
2 initial  (assignment....0 else 1.0
3 initial  (assignment)y=2.0%z
4 initial  (assignment) der(x) =y
5 (assignment....0 else 1.0
6 regular (assignment)y=2.0%z
7 regular (assignment) der(x) =y

[Equation Operations

Operations

[

solved: z = if x > 0.0 then -1.0 else 1.0
original: z = if x > 0 then -1 else 1; => flattened: z = if x > 0.0 then -1.0 else 1.0;

(SN

generated events”
Real x(start=1,
fixed=true);
Real ¥;
Real z;
eguation
z = if x > © then -1
else 1;
y = 2%z;
der(x) =y;
annotation
(Documentation(info="<html>
<p>After t = 0.5, chattering
takes place, dug to the

equation™

equation.</p>

‘mzi=nifx.> 0 then -1 else 1

tightly spaced events are

gengrpted— THE) fedkdbaey sto
theyerﬂho alloklg
ideftify the equation from

which the zero crossing

Weckion that generates the

events originates.</p>

</html>"}),

experiment (StopTime=1));
end ChatteringEventsl;

model ChatteringEvents2
"Exhibits chattering
after t = 0.422, with
nenerated events” -
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Error Indication — Simulation Slows Down

Running Simulation of Debugging.Chattering.C hatteringEvents1.
Please wait for a while.

L
L] ] [ 5228

Cancel Simulation

© OMEdit - Debugging.Chattering.ChatteringEvents1 Simulation Qutput - O &

Output | Compilation ]

Jtnp/OpenModel ica/OMEdi t/Debugging . Chattering . ChatteringEventsl -
port=50212 -logFormat=xml —-w -1w=LOG S5STATS

stdout | info | Chattering detected around time
0.500000005..0.500000995001 (100 state ewvents in a row with a total time
delta less than the step size 0.002). This can be a performance
bottleneck. Use -1lv LOG_EVENTS for more information. The zero-crossing

was: x > 0.0 D%g more
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Exercise 1.2: Use 3D Visualization for Robot model

Open the
Modelica.Mechanics.MultiBody.Examples.Systems.
RobotR3.fullRobot ©0E >99dS S8 X
example in OMEdit e

Press Simulate with Animation

mechanics.load.frame_a.r 0[1] [m]

° Replay the anlmatlon —— mechanics.load.frame_a.r 0[2] [m]
° Compare Wlth the pIOt 2—mechanics.lnad.fran‘u:_a.r_DH] [m]
.9
i H » II Time [s]:E Speed: 1 '_ 1:
1
0.5
o
0.5 \\(—
'1 I 1 1 I 1 I I 1 I I I I 1 1 I I 1 I 1 1
0.5 1 1.5
time [s]
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Exercise 1.3: Visualization using the
DLR Visualization Community Edition (1)

B8R Heeoe \OHOTR< 5 O9E »9%%9 o
ax EMator™ ]

« Unpack
VisualizationCommunityEdition.zip B

* Open the library in OMEdit

« Simulate the EMotor example

« The DLR SimVis visualization app should ;=
start automatically ‘

« EXxport the animation |
(File—Export Replay as Video) -

000000

Please note: As of OpenModelica
v1.12 support for the library is only
partial and it is not yet as stable, fast
and complete as for the Dymola tool

\Sork n progress) y
/772
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Exercise 1.3: Visualization using the
DLR Visualization Community Edition (2)

Goal: Instead of OMEdit, use OMShell for
running the examples

« Enter the Visualization directory in the
accompanying files and use an editor to
open the OpenModelica scripting file
runVisualizationCommunityExamples.mos

« Change the “libraryPath” variable in the
script to the respective library path on
your machine

e Start the OMShell tool

* You can copy-paste the commands from
the scripting file into the OMShell tool

B OMShell - OpenModelica Shell

=10 >

2002 2017
ibuted under OMSC-PL and GPL, see

Connected to wl. ].2 O-dev-405-g2£4a40% (32-bit)
Um Hilfe zur Benu ng von OMShell und OpenModeli
tippen Sie "he lp() Lmd dann Ente

»> libra YE’ ath := "C:/Users/Be h d/D wnloads/Vis

package.mo™

rint ("*** Loading Modelica...™);
oadModel (Modelica); getErrorString();

ocadModel (Modeli, ca_De eviceDrivers); getEr

rint {"*** Loading Vi sual atl .")

22

1

print("*** Loading MDD");

1

B

loadFile {(libraryPath); ge rorString();

»» simulate (Visualization.Examples.RadialEngine)

CMShell 1.1 Copyright Open Source Modelica Consort

www.openmodelica.org

orString();

ium (OsMC)

u bekommen,

alization/

L% DLR SimVis
File Replay View Help

000000 U

Time: 0,000s |+

Status: Replay

D 1 ¥ | Disconnect

Community Edition
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Exercise 1.4: FMU export and import (1)

* Open OMEdit and check FMI settings In
Tools->Options

oA L OMEdit - Options IR RS
General Export 3
&= Libraries VErE
B mxt Editor
1.0
E Modelica Editor
) ; e 2.0
E MetaModelica Editor
E CompositeModel Editor Type
B cic++ Editor
Model Exchange

K HruL editor

in Graphical Views Iz n

9 Simulation ® Model Exchange and Co-Simulation
m Messages
= g FMU Name: |<default=
Motificati
o otineations Platforms
., Line Style

s - Note: The list of platforms is created by searching for programs in the PATH
%" Fill Style ; " "
% Y matching pattem "*-#-*#cc",

&8 Plotting Static =

®86_B64-linux-gnu

OMTLMSimulator
s Traceability

4 [
*The changes will take effect after restart. oK Cancel
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Exercise 1.4: FMU export and import (2)

 Find the FMIExercise.mo file in the @xe
tutorial folder and open it in OMEdit

hd E] Components
g DCPMMotor

« Goal: (1) Export the Pl block as FMU, (2) &=
iImport the exported FMU, (3) compare

simulation results of imported Pl FMU D e
block vs. native use of the PI block I@-ﬂr
 Export Pl block by using right-click e s
context menu as indicated at the right B
« The message browser shows where the oo
FMU was generated on your system i
b
D e ot o compooars . | [
o7
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Exercise 1.4: FMU export and import (3)

« Import FMU by selecting [ Frpon ebug s Tols et
FMI->Import FMU from the wl
menu

+ Find and select the FMU in the =~
directory where it was exported = s
before as indicated at the right /==

 The FMU should now appear o
in the package browser 1 e

(») TestPIFMU

- E] Components

- DCPMMotor

1

k D FMIExercise_Components_Pl_me_FMU

/772
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Exercise 1.4: FMU export and import (4)

« The imported FMU is wrapped inside a standard
Modelica model and can be inserted by drag and drop
Into an existing model

 The model TestPIFMU has been prepared so that the
results of the imported FMU can be easily compared to
the native block. Simulate it and compare results.

step PI
- @] FMIExercise feedback
I* TestPIControl j - /
(») TestPIFMU StartTine=0.1 =
- E] Components -
i- DCPMMotor o
V2.0

e

] D FMIExercise_Components_Pl_me_FMLU
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Part IlI

Modelica language concepts
and textual modeling

parent class to Color <—|

restricted kind <——record|ColorData)

of class without parameter Real red = 0.2; |
equations ‘parameter Real blue = 0.&;
iReal  green: class ExpandedColor

-

parameter Real red_:O_._é_;"i
—>parameter Real blue=0.6:
®eal green; |

child class or
subclass <

(opwerd «———eaEndajcolornatay U Mo s preen <32
Inheritance oo & blus & grees = 17 | end ExpandecColor;
Typed end Color:
Declarative Hybrid
Equation-based Modeling
Textual Language
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Acausal Modeling

The order of computations is not decided at modeling time

Acausal Causal

Torguet Inertia1 Inertia2

Visual

Spring1

g VD W ORI
Component / " T e T
Level
Equation A resistor equation: Causal possibilities:
Level R*i = v; i := v/R;
v := R*i;
R := v/i;
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Typical Simulation Process

“Static” semantics / compile time “Dynamic” semantics / run time
- __,_//\\\__ 3 J/\\__
- —~ TN
™ .

Modelica _ . .

modsl —» Hybrid DAE » | Executable Simulation
' ' Simulation Result
Elaboration Equation
Transformation &
- Code generation 1
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Simple model - Hello World!

Equation: X’ =-X

Name of model

Initial condition

AN e

Initial condition: x(0) = 1

Continuous-time
variable

Parameter, constant /

model HellquEgﬁr"A simple equation"
Real x(start=1);

parameter Real a = -1;
equation
der (x)= a*x;

end HelloWorld;\

during simulation

Simulation in OpenModelica environment

Differential equation

simulate (HelloWorld, stopTime
plot (x)

2)
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Modelica Variables and Constants

 Built-in primitive data types

Boolean true or false

Integer Integer value, e.g. 42 or -3
Real Floating point value, e.g. 2.4e-6
String String, e.g. “Hello world”

Enumeration Enumeration literal e.g. ShirtSize.Medium

« Parameters are constant during simulation
« Two types of constants in Modelica

* constant constant Real  PI=3.141592653589793;
e parameter constant String redcolor = "red";
constant Integer one = 1;
parameter Real mass = 22.5;

VLl
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A Simple Rocket Model

thrust —mass - gravity

acceleration =
........ mass’ = —massLossRate - abs (thrust)
mg altitude’ = velocity

velocity’ = acceleration

. declaration

new model <€

SRS R S E S E L S E TSR s S E e E s comment
parameters (changeable <——f——parameter String name;
before the simulation) Real mass(start=1038.358);
Real altitude (start= 59404);
floating point < ‘Realivelocity (start= -2003) start value

type Real acceleration;
Real thrust; // Thrust force on rocket

>name + default value

equation
(thrust-mass*gravity) /mass = acceleration; mathematical
der (mass) = -massLossRate * abs(thrust); equation (acausal)
der (altitude) = velocity;
differentiation with < der (velocity), = acceleration;

regards to time end Rocket;
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Celestial Body Class

A class declaration creates a type name in Modelica

class CelestialBody
constant Real g = 6.672e-11;
parameter Real radius;
parameter String name;
parameter Real mass;

end CelestialBody;

An Instance of the class can be

declared by prefixing the type oot inlBody moon;
name to a variable name

The declaration states that moon IS a variable
containing an object of type CelestialBody

VLl
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Moon Landing

Rocket

et apollo.gravity = moon.g - moon.mass
i\ mg (apollo.altitude -+ moon.radius)

altitude

class MoonLandin
parameter Real |[forcel = 36350;
parameter Real |(force2 1308;

R, ———

only access < SRR ]
inside the class parameter Real |[thrustEndTime = 210;

parameter Real [thrustDecreaseTime = 43.2;

________

access by dot €<————public!
notation outside Rocket apollofname="apollol3");
the class CelestialBody moonjfname="moon",mass=7.382e22, radius=1.738e6) ;
equation
apollo.thrust = if (time < thrustDecreaseTime) then forcel
else if (time < thrustEndTime) then force?
else O;
apollo.gravity=moon.g*moon.mass/ (apollo.altitude+moon.radius) "2;
end MoonLanding;
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Simulation of Moon Landing

30000

25000

20000

15000

10000

5000

50 100 150 200

It starts at an altitude of 59404
(not shown in the diagram) at
time zero, gradually reducing it
until touchdown at the lunar
surface when the altitude is zero

simulate (MoonLanding, stopTime=230)
plot (apollo.altitude, xrange={0,208})
plot(apollo.velocity, xrange={0,208})

50 100 200
-100
-200

-300

-400

|

The rocket initially has a high
negative velocity when approaching
the lunar surface. This is reduced to
zero at touchdown, giving a smooth
landing
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Specialized Class Keywords

« Classes can also be declared with other keywords, e.g.: model, record,
block, connector, function, ...

« Classes declared with such keywords have specialized properties
« Restrictions and enhancements apply to contents of specialized classes
« After Modelica 3.0 the c1ass keyword means the same as model

« Example: (Modelica 2.2). A model is a class that cannot be used as a
connector class

« Example: A record is a class that only contains data, with no equations
« Example: Ablock is a class with fixed input-output causality

model CelestialBody

constant Real g = 6.672e-11;
parameter Real radius;
parameter String name;
parameter Real mass;

end CelestialBody;
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Modelica Functions

* Modelica Functions can be viewed as a specialized
class with some restrictions and extensions

* A function can be called with arguments, and Is
Instantiated dynamically when called

function sum
input Real argl;
input Real arg2;
output Real result;
algorithm
result := argl+arg2;

end sum;

/772
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Function Call — Example Function with for-loop

Example Modelica function call: {1,2,3,4}) becomes

o the value of the

p = polynomialEvaluator({1,2,3,4},21) coefficient vector 2, and
21 becomes the value of
the formal parameter x.

function PolynomialEvaluator
I:anut Real A[:]; E // array, size defined
_______________________________________________ // at function call time
linput Real x := 1.0;// default value 1.0 for x The function
output Real sum; ,
protected PolynomialEvaluator
Real  xpower; // local variable xpower computes the value of a
algorithm polynomial given two
sum 2= 07 arguments:
Xxpower := 1; . .
for i in l:size(A,1) loop a coefficient vector A and
sum := sum + A[i1]*xpower; a value of x.
Xpower := Xpower*x;
end for;
end PolynomialEvaluator;
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Inheritance

parent class to Color

restricted kind <— .record:.ColorDatal

of class without
eguations

child class or
subclass

keyword <—
denoting

inheritance

end Color;

class ExpandedColor

________________________________________

parameter Real red=0.2;

/rparameter Real blue=0. 6
Real green;

end ExpandedColor;

Data and behavior: field declarations, equations, and
certain other contents are copied into the subclass
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_ _ Extra slide
Multiple Inheritance

Multiple Inheritance is fine — inheriting both geometry and color

class Point
Real x;
Real vy, z;

end Point;

class Color
parameter Real red=0.2;
parameter Real blue=0.6;
Real green; class ColoredPoint

equation = = 0 oTREEEES SRS

red + blue + green = 1; multiple inheritance
end Color;

class ColoredPointWithoutInheritance
Real x;
Real vy, z;
parameter Real red = 0.2;
parameter Real blue = 0.6;
Real green;

equation
red + blue + green = 1;

end ColoredPointWithoutInheritance;

Equivalent to
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_ _ , Extra slide
Multiple Inheritance cont

Only one copy of multiply inherited class point Is kept

class Point
Real x;
Real y;

end Point;

class Verticalline class Horizontalline

extends Point; Diamond Inheritance extends Point;

Real vlength; Real hlength;
end HorizontallLine;

end Verticalline;

class Rectangle
extends Verticalline;
extends HorizontallLine;
end Rectangle;
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Simple Class Definition

« Simple Class Definition « Often used for
 Shorthand Case of Inheritance introducing new
« Example: names of types:

class SameColor = Color; I

Equivalent to:

type Resistor = Real; I
connector MyPin = Pin; I

class SameColor
inheritance £<—+— extends Color;
end SameColor;
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Inheritance Through Modification

« Modification is a concise way of combining inheritance
with declaration of classes or instances

« A modifier modifies a declaration equation in the
Inherited class

« Example: The class Real iIs inherited, modified with a
different start value equation, and instantiated as an
altitude variable:

Real altitude (start= 59404) ;

/772
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_ _ ~ Extraslide
The Moon Landing - Example Using Inheritance (l)

Rocket
thrust
mg mqgg}_ﬁgg¥§ﬁ_tg§neric rocket class"
‘extends Body; |
altitude Celest|al Body parameter Real massLossRate=0.000277;

Real altitude(start= 59404);
Real velocity(start= -2003);
Real acceleration;

Real thrust;
model Body "generic body" Real gravity;
:> Real mass; equation
String name; thrust-mass*gravity= mass*acceleration;
end Body; der (mass)= -masslLossRate*abs (thrust) ;
der (altitude)= velocity;
. der (veloc] = 1 ion;
model CelestlalBody (velocity)= acceleration

----------------- end Rocket;

constant Real g = 6.672e-11;
parameter Real radius;
end CelestialBody;
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_ _ ~ Extraslide
The Moon Landing - Example using Inheritance (ll)

Vv

inherited
parameters <
model MoonLanding
parameter Real forcel = 36350;
parameter Real forceZ = 1308;
parameter Real thrustEndTime =|210;
parameter Real thrustDecreaseTime = 43.2;
Rocket apollo (name="apollol3"} imass (start=1038.358) );
CelestialBody moon (mass=7.382e22), radius=1.738e6,name="moon") ;
equation |

apollo.thrust = if (time<thrustDecreaseTime) then forcel
else if (time<thrustEndTime) then force?

else 0;
apollo.gravity =moon.g*moon.mass/ (apollo.altitude+moon.radius)"2;
end Landing;
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Extra slide

Inheritance of Protected Elements

If an extends-clause is preceded by the protected keyword,
all inherited elements from the superclass become protected

elements of the subclass

The inherited fields from Point keep

their protection status since that
extends-clause is preceded by
public

A protected element cannot be
accessed via dot notation!

, class ColoredPoint
class Point :_ISJ_:'(_)_t_e_é'Eé_d_:
class Color Real x; -"éiEéﬁ&émbolor;
Real red; At public
Real blue; end Point; extends Point;
Real green; end ColoredPoint;
equation
red + blue + green = 1; Equiva|ent to
end Color;

class ColoredPointWithoutInheritance
Real x;

. protected Real red;
iprotected:Real blue;

equation
red + blue + green = 1;
end ColoredPointWithoutInheritance;
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Exercises Part lll a
(15 minutes)
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Exercises Part lll a

. Start OMNotebook (part of OpenModelica)

Start->Programs->OpenModelica->OMNotebook

* Open File: Exercises-ModelicaTutorial.onb from the directory you copied
your tutorial files to.

« Note: The DrModelica electronic book has been automatically opened when
you started OMNotebook.

« (Alternatively: Open the OMWeb notebook
http://omwebbook.openmodelica.org/

* Open Exercises-ModelicaTutorial.pdf (also
available in printed handouts)
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http://omwebbook.openmodelica.org/

Exercises 2.1 and 2.2 (See also next two pages)

« Open the Exercises-ModelicaTutorial.onb found in the
Tutorial directory you copied at installation.

« Exercise 2.1. Simulate and plot the HelloWorld example. Do
a slight change in the model, re-simulate and re-plot. Try
command-completion, val( ), etc.

class HelloWorld "A simple equation” I
Real x (start=1);
equation
der (x)= -x;
end HelloWorld;

simulate (HelloWorld, stopTime = 2)
plot(x)

« Locate the VanDerPol model in DrModelica (link from
Section 2.1), using OMNotebook!

« (extra) Exercise 2.2: Simulate and plot VanDerPol. Do a
slight change in the model, re-simulate and re-plot.

/772
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Exercise 2.1 — Hello World!

A Modelica “Hello World” model

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

class HelloWorld "A simple equation”

parameter Real a=-1;
Real x(start=1);
equation
der (x)= a*x;
end HelloWorld;

Simulation in OpenModelica environment

simulate (HelloWorld, stopTime
plot (x)

2)
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(extra) Exercise 2.2 — Van der Pol Oscillator

class VanDerPol "Van der Pol oscillator model"
Real x(start = 1) "Descriptive string for x"; // x starts at 1
Real y(start = 1) "y coordinate"; // y starts at 1
parameter Real lambda = 0.3;
equation
der (x) = vy; // This is the 1st diff equation //
der (y) = -x + lambda* (1l - x*x)*y; /* This is the 2nd diff equation */
end VanDerPol;

simulate (VanDerPol, stopTime = 25)
plotParametric(x,y)
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(extra) Exercise 2.3 — DAE Example

Include algebraic equation

Algebraic equations contain
no derivatives

Exercise: Locate in DrModelica.
Simulate and plot. Change
the model, simulate+plot.

class DAEexample

Real x(start=0.9);

Real vy;
equation

der (y)+(1+0.5*sin(y)) *der (x)

= gsin(time) ;

Xx —y = exp(-0.9*x) *cos (y) ;

end DAEexample;

Simulation in OpenModelica environment

1.20¢ '

plot (x)

1.10¢

1.05¢

1.0 time

0.95¢

1.15} simulate (DAEexample, stopTime = 1)
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Exercise 2.4 — Model the system below

* Model this Simple System of Equations in Modelica

¥k =Zd+xX+xy-d=%xX
F = Sry-Taxey
X0 = &
¥y = 3
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(extra) Exercise 2.5 — Functions

a) Write a function, sum2, which calculates the sum
of Real numbers, for a vector of arbitrary size.

b) Write a function, average, which calculates the

average of Real numbers, in a vector of arbitrary
size. The function average should make use of a

function call to sum2.

146
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Part Il b
Discrete Events and Hybrid Systems
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Modelica Hybrid Modeling

Hybrid modeling = continuous-time + discrete-time modeling

A . .
Continuous-time Real x:
Voltage v;

. +—— Discrete-time Current i;
i .
. . ¥ Clocked discrete-time| giscrete Real x:
1 L I g Integer 1i;
I : I i - Boolean b;
— — > [lme
Events —

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

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

if <condition>then model Diode "Ideal diode"
<equati0ns> extends TwoPin; false |f s<0
elseif <condition> then Real s;
<equations> Boolean off;
else equation If-equation choosing
<eguations> ort = s < 9 equation for v
end if: if off then
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

when-equations (two kinds: unclocked and clocked)

when <conditions> then
<equations>

end when; // un-clocked version

when clock then
<equations>
end when; // clocked version

Time event

when time >= 10.0 then

end when;

Only dependent on time, can be
scheduled in advance

> time

event 1 event 2 event 3

Equations only active at event times

State event

when sin(x) > 0.5 then

end when;

Related to a state. Check for
Zero-crossing
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Generating Repeated Events by unclocked sample

The call sample (t0, d) returns

true and triggers events at times
t0+i*d, where 1i=0,1, ...

Variables need to be

discrete /

before the event.

true

false

A sample (t0,d)

t0 t0+d t0+2d t0+3d t0+4d

model SamplingCloy Creates an event - gl sr
Integer 1i;
discrete Real r; after 2 S, then 15
equation each 0.5 s
when sample (2,0.5) then 104
i = pre(i)+1; |
r = pre(r)+0.3;
end when; 0
end SamplingClock; pre() takes the
previous value -5 1
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Generating Clock Tick Events using Clock()

(clocked models, Modelica 3.3)

* Clock(') — inferred clock

* Clock(intervalCounter, resolution) — clock with
Integer quotient (rational number) interval

* Clock(interval) — clock with a Real value interval

* Clock(condition, startinterval)

* Clock — solver clock

true $

class ClockTicks
/Il Integer quotient rational number interval clock

Clock c1 = Clock(3,10); /I ticks: 0, 3/10, 6/10, ..
/I Clock with real value interval between ticks et
Clock c2 = Clock(0.2); // ticks: 0.0, 0.2, 0.4, ...

end ClockTicks: false |

T T T T T T T T
0.0 02 04 086 08
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Reinit - Discontinuous Changes

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-———hMm@m
parameter Real g=9.81; //gravitational acc.
parameter Real c¢=0.90; //elasticity constant i
Real height (start=10),velocity(start=0); g
equation
der (height) = velocity; i
der (velocity)=-g; 4
when height<(0 then
reinit (velocity, -c*velocity); 1
end when; 0
end BouncingBall; | | | | | | |
0 10

Initial conditions

Reinit "assigns”
continuous-time variable
velocity a new value
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Exercise 2.6 — BouncingBall

« Locate the BouncingBall model in one of the hybrid
modeling sections of DrModelica (the When-
Equations link in Section 2.9), run it, change it
slightly, and re-run it.

Plot by OpenModelica

4 " | height =
ar 1 welocity ®
St
1t
at
1T
2T
“3Ar
-4
1 1 2 3 4 a ] ¥ a
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Part IV

Components, Connectors and Connections —
Modelica Libraries and Graphical Modeling
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Software Component Model

Interface Acausalcouphng
\\\ Connector
.__
&—>
T 3
| |
Component Connectlon Component

Causal coupling

A component class should be defined independently of the
environment, very essential for reusability

A component may internally consist of other components, i.e.
hierarchical modeling

Complex systems usually consist of large numbers of
connected components
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Connectors and Connector Classes

Connectors are instances of connector classes

electrical connector <

______________

connector class €<——+ connector: Ipln'

keyword flow <
indicates that currents
of connected pins
sum to zero.

L

an instance pin
of class Pin

mechanical connector <

i;

connector class €<——

an instance flange %

Position
flow Force
end Flange;

of class Flange

_______________
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The £1low prefix

Three possible kinds of variables in connectors:

« Potential variables potential or energy level
* Flow variables represent some kind of flow
« Stream variables represent fluid flow in convective transport

Coupling
« Equality coupling, for potential variables
« Sum-to-zero coupling, for £1ow variables

The value of a £1ow variable is positive when the current or the
flow is into the component

______________

positive flow direction: —
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Physical Connector

» Classes Based on Energy Flow

Domain  pgtential Flow Carrier Modelica
Type Library
. Electrical.
Electrical Voltage Current Charge cctrics
Analog
. . . Mechanical.
Translational Position Force Linear momentum T .
ranslational
- Angular Mechanical.
Rotational Angle Torque momentum Rotational
Magnetic Magne_tlc MEQTSIE Magnetic flux
potential flux rate
Hydraulic Pressure Volume flow Volume HyLibLight
Heat Temperature Heat flow Heat HeatFlowlD
Chemical Chemu_:al Particle flow Particles Under_
potential construction
Pneumatic Pressure Mass flow Air PneuLibLight
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connect-equations

Connections between connectors are realized as equations in Modelica

connect (connectorl, connector?)

The two arguments of a connect-equation must be references to

connectors, either to be declared directly within the same class or be
members of one of the declared variables in that class

j=3
5
[N
T+
<
l<
O,
-]
N

Pin pinl,pin2;
//A connect equation
//in Modelica:

pinl.v = pin2.v;
pinl.i + pin2.i =0;
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Connection Equations

Pin pinl,pin2;
//A connect equation

S Caone
//in Modelica Corresponds to

pinl.v = pin2.v;
pinl.i + pin2.i =0;

Multiple connections are possible:

connect (pinl,pin2); connect(pinl,pin3); ... connect (pinl,pinN);

Each primitive connection set of potential variables is
used to generate equations of the form:

V, =V, =V, =...V

n

Each primitive connection set of flow variables is used to generate
sum-to-zero equations of the form:

L+L+... (-1 )+...1.=0
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Common Component Structure

The base class TwoPin has

two connectors p and n for pv i 4 Tworin i [
.. : : —p n
positive and negative pins e B B Y

respectively T

partial class < partial imodel TwoPin i
fﬁ:? ann(;[ atzgd) ZS i Ezgi \17 'connector Pin | electrical connector class
B o g Voltage v
poanyepvr\ }E%E;Eﬁ flow Current 1i;
negative pin P1n ny end Pin;
equation

V = p.v - n.v;

0 =p.1 + n.i;

i=p.i;

end TwoPin;
// TwoPin is same as OnePort in
// Modelica.Electrical.Analog.Interfaces
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Electrical Components

model Resistor ”“Ideal electrical resistor”
extends TwoPin; p.i ni
parameter Real R; —> + -~
equation O— — O
R*i = v p.v T > n.v
! A
end Resistor;
model Inductor ”“Ideal electrical inductor”
extends TwoPin; p.i i
parameter Real L ”“Inductance”; — -—
equation O——
L*der (i) = v; L -V n.v
end Inductor;
model Capacitor ”“Ideal electrical capacitor”
extends TwoPin; p.i n.i
parameter Real C ; ?3’ +|| 75'
equation p.v | | n.v
i=c*der(v); 9 DT >V
end Capacitor;
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Electrical Components cont’

model Source

extends TwoPin; . Jva)

parameter Real A, w; Ei, N ;21
equation

v = A*sin(w*time); p-v n.v

end Resistor;

model Ground
Pin p;
equation
p.v = 0;
end Ground;

VLl
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Resistor Circuit

44].1

model ResistorCircuit
Resistor R1 (R=100);
Resistor R2 (R=200) ;
Resistor R3 (R=300);

Rl.p.v = R2.p.v;
>| Rl.p.v = R3.p.v;
R2.p.1i + R3.p.1

------------------- Corresponds to

end ResistorCircuit;
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Modelica Standard Library - Graphical Modeling

* Modelica Standard Library (called Modelica) is a
standardized predefined package developed by
Modelica Association

|t can be used freely for both commercial and
noncommercial purposes under the conditions of
The Modelica License.

* Modelica libraries are available online including
documentation and source code from
http://www.modelica.org/library/library.html

/772
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Modelica Standard Library cont’

The Modelica Standard Library contains components from
various application areas, including the following sublibraries:

« Blocks Library for basic input/output control blocks

« Constants Mathematical constants and constants of nature

« Electrical Library for electrical models

* lcons lcon definitions

* Fluid 1-dim Flow in networks of vessels, pipes, fluid machines, valves, etc.
 Math Mathematical functions

« Magnetic Magnetic.Fluxtubes — for magnetic applications

« Mechanics Library for mechanical systems

« Media Media models for liquids and gases

* Slunits Type definitions based on Sl units according to 1ISO 31-1992
« Stategraph  Hierarchical state machines (analogous to Statecharts)
 Thermal Components for thermal systems

« Utilities Utility functions especially for scripting
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Modelica.Blocks

aI.M-:denca Continuous, discrete, and logical input/output blocks

cnimess 10 DUIlD block diagrams.
> Discrete
; Examples
; Interfaces
; Logical
> Math step P limiteri stateSpacel
- Menlinear
: Feouting

O Examples:

. T}rpes ] E . -
_'\. —

. Constants > or _
> . Electrical
> Icans =i e A
> [ Math E ~—— not ~— and
: Mechanics >
: Slunits

: StateGraph
: Thermal "

feedhack

o
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Modelica.Electrical

Electrical components for building analog, digital, and
multiphase circuits

Library Library Library Library
Analog Digital Machines MultiPhase
Examples:
= :inevD"aaﬂ - RT LT RL1
> | m=m 73 E m=m m=m m=m

}{D(:[;t:tm
&

AndGatel i i i

GGGGGGGGGGGGGGGGGGGGGGGG
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Modelica.Mechanics

Package containing components for mechanical systems

Subpackages:

 Rotational
 Translational
* MultiBody

/\/ 4 L L L L L
tau T_T= E T_T= u=

ineriaz spring inertia3

sine torque inerial idealZear

darmp er I:

£ =

fixed

1-dimensional rotational mechanical components
1-dimensional translational mechanical components
3-dimensional mechanical components

. Hopisiga -
_t e e =R | e
[ —_— JR— —_— JR— JR—
Fimgdle OulerC ontacis, SpringP lates Soring BpingFlated]  OuferContaclB
- — -
T EZI— — — -Dj
o i ] | - - | &
F recton [:] o Fod? Rad? Py
L ] JE— —_—
=] InmerCantacis nnercont a8
! - -
—_— —_—
Rod3 Rod4
I"I' h . . n .
\ f
Zinel Farcel -
S poal
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Other Free Libraries

WasteWater

ATPlus
MotorCycleDymanics
NeuralNetwork
VehicleDynamics
SPICElIib
SystemDynamics
BondLib
MultiBondLib
ModelicaDEVS
ExtendedPetriNets
External.Media Library
VirtualLabBuilder
SPOT

Wastewater treatment plants, 2003

Building simulation and control (fuzzy control included), 200¢
Dynamics and control of motorcycles, 2009

Neural network mathematical models, 2006

Dynamics of vehicle chassis (obsolete), 2003

Some capabilities of electric circuit simulator PSPICE, 2003
System dynamics modeling a la J. Forrester, 2007

Bond graph modeling of physical systems, 2007

Multi bond graph modeling of physical systems, 2007
DEVS discrete event modeling, 2006

Petri net modeling, 2002

External fluid property computation, 2008

Implementation of virtual labs, 2007

Power systems in transient and steady-state mode, 2007
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Some Commercial Libraries

* Powertrain

« SmartElectricDrives
* VehicleDynamics

« AirConditioning

* HyLib
* PneulLib
e CombiPlant

* HydroPlant

188 Copyright © Open Source Modelica Consortium MO u‘E: LI'CA



Connecting Components from Multiple Domains

* Block domain

* Mechanical domain

 Electrical domain

Mechanical
domain

+ Electrical 2
G domain

model Generator
Modelica.Mechanics.Rotational.Accelerate ac;
Modelica.Mechanics.Rotational.Inertia iner;
Modelica.Electrical.Analog.Basic.EMF emf (k=-1);
Modelica.Electrical.Analog.Basic.Inductor ind(L=0.1);
Modelica.Electrical.Analog.Basic.Resistor R1,R2;
Modelica.Electrical.Analog.Basic.Ground G;
Modelica.Electrical.Analog.Sensors.VoltageSensor vsens;
Modelica.Blocks.Sources.Exponentials ex(riseTime={2},riseTimeConst={1});

equation
connect (ac.flange b, iner.flange a); connect(iner.flange b, emf.flange b);
connect (emf.p, ind.p); connect(ind.n, Rl.p); connect(emf.n, G.p);
connect (emf.n, R2.n); connect(Rl.n, R2.p); connect(R2.p, vsens.n);
connect (R2.n, vsens.p); connect(ex.outPort, ac.inPort);

end Generator;
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DCMotor Model Multi-Domain (Electro-Mechanical)

A DC motor can be thought of as an electrical circuit
which also contains an electromechanical component.

model DCMotor
Resistor R(R=100);
Inductor L (L=100);
VsourceDC DC (£=10) ;

Ground G;
EMF emf (k=10,J=10, b=2);
Inertia load;

equation
connect (DC.p,R.n);
connect(R.p,L.n);
connect (L.p, emf.n);

connect (DC.n,G.p) ;
connect (emf.flange, load.flange);

(
(
(
connect (emf.p, DC.n);
(
(
end DCMotor

.
’
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Part Vb
More
Graphical Modeling Exercises

using
OpenModelica
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Graphical Modeling - Using Drag and Drop Composition

o4 OMEdit - OpenModelica Connection Editor - [DCMoto o o5 S

oA File

Edit View Simulation FMI Export Jools Help HEE
"BHH % 0B QA wemeBND BG4/ @- 25
Libraries Browser g X |II-IE ()] |Wr1'teaHe ‘Model |D|agarr| View |C:Ns...or.mo |L'ne:1,Col:ﬂ |E| Variables Browser g X
Libraries = |Fir1d Variables |
. Complex [ case sensitive [Rﬁgular Expression v]
= 77 Modelica |  Epandal ||  colapseal |
o UsersGuide
2 Variables Value Unit =
2 Blocks E — T
=l ey DCMot
ComplexBlocks — e
[= emf
E StateGraph
deriphi -0.3403  d
@ Electrical ot }_D er(phi) =
P _— [+ fixed
€1 Magnetic s f:xe
. + flange
E mm:hi:f . e - mi 0533507 AT
ultiBo A=rtTim==l
. Y internalSupport
= ﬁ Rotational }_ -
k 1.0 M./t
0 UsersGuide u m/
‘E‘ Examples 4
P
= @ Components
| oo [ Jees
F e Fixed
©OF Tnerti [l useSupport 0
= nertia
-+ Di LY -0.3403
= isc
- Spri [Flw -0.3403  rad/s
= pring
= D groundl
- amper
[+ inductorl Y
- 488 SpringDamper _ 4 ek orm | v
X:-35.03  Y:-38.14
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Graphlcal Modellng Animation — DCMotor

:d' DB i ppp o wemolE 4~

Modelica Standard Library
(7] Modelica

X | General | Info | Waming | Ermor |

OMEdit, Version: 1.6.0
OpenModelica, Version: "1.6.0"

Modelica Library | Modelica Files 2




Multi-Domain (Electro-Mechanical) Modelica Model

« A DC motor can be thought of as an electrical circuit which
also contains an electromechanical component

model DCMotor
Resistor R(R=100) ;
Inductor L (L=100) ;
VsourceDC DC (£=10) ;
Ground G;
ElectroMechanicalElement EM(k=10,J=10, b=2);

Inertia load; ‘——'{:::ﬁ+_q

equation 4 .
connect(DC.p,R.n);
connect (R.p,L.n) ; ><:>DC = =0
connect(L.p, EM.n); =]
connect (EM.p, DC.n); load

connect(DC.n,G.p) ; l
connect (EM. flange,load. flange) ; G
end DCMotor
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Corresponding DCMotor Model Equations

The following equations are automatically derived from the Modelica model:

O0==DC.p.1i+R.n.1i
DC.p.v=R.n.v

0==R.p.i+L.n.1
R.p.v==L.n.v

O==L.p.i+EM.n.1i
L.p.v==EM.n.v

0==EM.p.1i+DC.n.1i
EM.p.v==DC.n.v

0==DC.n.i+G.p.1
DC.n.v==G.p.v

EM.u==EM.p.v-EM.n.v R.u==R
O==EM.p.i+EM.n.1i 0=R.p
EM.i ==EM.p.1 R.1i==R
EM.u==EM.k*EM.w R.u==R
EM.i ==EM.M/EM.k
EM.J*EM.w ==EM.M -EM.b*EM.w L.u==1L
0 == -p
DC.u==DC.p.v-DC.n.v L.i==L
0==DC.p.1+DC.n.1 L.u==L

DC.i=DC.p.1
DC.u==DC.amp*»Sin[2x7wDC.£fxt]

(Load component not included)

p-v-R.n.v
.iA+R.n.i

p-1i
R+R.1

p-v-L.n.v
.i+L.n.1i

p-1i
LxL.it

Automatic transformation to ODE or DAE for simulation:

dx
— ==f[x, u, t]
dt

dx
g[E, X, U, t] == 0
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Exercise 3.1

« Draw the DCMotor model using the graphic connection
editor using models from the following Modelica

libraries:
Mechanics.Rotational.Components,

FElectrical.Analog.Basic,
Electrical.Analog.Sources

« 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.

/772
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Exercise 3.2

 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.

| nductor

Feasistor

Constantvolttagel
1 Inertial Spring1 Inertiaz

T

Sroundi

/772
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Exercise 3.3

If there is enough time: Add a PI controller to the system
and try to control the rotational speed of the outgoing shatft.

y
Verify the result using a step signal for input. Tune the PI
controller by changing its parameters in OMEdIit.

Rezistard Inductart

I ._i_ ] / EE; naloltage 1

Stepi Feadbadk1 FlI1

Ground

V4

MODELICA
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Exercise 3.4 — DrControl

* If there is enough time: Open the DrControl electronic book
about control theory with Modelica and do some exercises.

* Open File: C:OpenModelical.9.3\share\omnotebook\drcontro\DrControl.onb

Ple fon Oull Tormee rmert Wiscow  beip

fis Eoe Cell Fomat frmert Wisdow Feip B = . v | B < @

= = 7 s Transfer Function NN eyl Ny
Feedback ni= = : .

k n sorwurme posctral o vizly fw Lgploe nandomn of dw snvuhed quassies

e Imporuee meethed i deigring conerel vyssere s o feediack: laep. D coa be ssed m e brorase de Yis) = Llyti)a -_','T“'V"ﬂ state space Form

influene of ke o W oderesse the SRR ST

©

The cdnviews reien 0 wity the Basdoosed guatite ar peefenad b dat e derivathe of
AY () i dhe il condican Y(0) bs oevo, Now bry assuzsrg de svesl vakee of the signad ity
derivatve il vakoes are ol 20v0 id thes Lapdace sunsfonming the dilfesennial eguation

foare npues aee knoan. The stre pace 3o bar continiows tire dependent sesems cm be expuessed & 2
wywem of fxt osder Aflerertiad rguateen

13
A stane of & vywaers ity sreese of informaaion needed ar dessrrriaing e fuam corpes of te v | e ‘

I‘-Ei'“ oA+t ) = ) + % s st Linear Differential Equations in State Space Form
Mighet ander éaiberrrtul rqeasces o be grare ey practxaly £ zeeshared w bre osdes Afhererasd
kadem s,
(™ 4 o™ b s a, Jx) = (Bgr™ 4 — 40,00z e + mfle} + eyrit) = buit)
1 Exnmple
pl Now g differeasal oqauion wilh 2F (s devivadve bemrs b desosbed with Be belp of 2 pul Ty weroduring new vartahiles, € and ©

Assore fum we wand inoond che speed of 8 car on e sl The cor s g mass m welociny wand
actonbrurnkc corlicanl o The § & e roed shopee, which is s cane can be niganded i ook,

fay00) = w10}

Les(2) = ¥(6)

WL = U — Oy — ey

T polyreerid faczon b calied the tmender finctin of dw wwrm, deosed a G(y). The da differental eqasie cir be perscrend a
yanster Sancion are the mooes of the densenrasx which ks the same & D oo 1 B (has
- . e seren arv the oo ko the ruvwvae of dw wasader Sanctisn. The tevene Laplace rasd ( 2y {t) = $(8) = x3(c}
e 7| ¥ ] .
1t o it 1500 g, =250 P, =0 1o, o begh shwond Cales the wedght funciion and s B Impulise seporse of the sysem. In Modelica the mamst | #a() 0 £} = agy(r) + bai2) «
dw m faror be in the cegulasr’ " : " f { » n(2) s bl
S wlverrudieed i & date space Micrensal) feree. Thevefore the inddal conditions ae yapona = eyl = axm al
Try with u = 350
rgfe malk

Wi rtrte ratascs du opadien whes da haen

[y _( 0 \
{5t wit)
Norw et
=0 t)
L1 Chpeni Lisige l-a; —q
Noadmofe ]| mode1lca | 1 B=3)
e C=01L
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Learn more...

i iy * OpenModelica
SIMULATIOGND . Www.openmodelica.orq
« Modelica Association
« www.modelica.orqg
S1EEE ® BOOkS

» Principles of Object Oriented Modeling and Simulation with
Je— Modelica 3.3: A Cyber-Physical Approach, Peter Fritzson
.\'lndclm_sz‘.znd g.&i.nmLmrm 2015_

of Technical and

Physical Systems

* Modeling and Simulation of Technical and Physical

_ Systems with Modelica. Peter Fritzson., 2011
http://eu.wiley.com/WileyCDA/WileyTitle/productCd-
111801068X.html

O IEEE

* |Introduction to Modelica, Michael Tiller
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Summary

Multi-Domain
Modeling

Typed
Declarative

Textual Language Thanks for listening!

Visual Acausal
Component
Modeling

Hybrid
Modeling
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