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1. Modelica and Dymola

Goal:  Modeling and Simulation of physical systems, consisting
of components from different engineering domains

model IF97_ph
“Stzau properties as defined by IAPWE/IFS7 standas

extends Interfaces. PartialMedium(

. . mediunlNane="WaterIFI7"
Modelica: e ancamanasctiil(r, 01,
Mas=sFlowRate (quantity="MassFlowRate WarerTF37")
] pistateSelect=if preferedMediimStates them Scatd
free textual format to specify L e
. . . . histatedelect=if preferedMedium3tates then Statg
model + graphics + animation of devices e e

final eta =if eta_needed then IFI7.dymanicVis
final lambda=if lawbda needed then IF37.thermal
final sigma =if sigma needed then IF37. surfaceTq
equation
T = IFS7.T phip, hi;
d = IF97.rho_phip, hl;
u=h - pfd;

Dymola:
commercial Modelica modeling and
simulation environment from Dynasim
(graphical editor/library browser, || e
translation to C, simulation, plotting,
animation)
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MODELICA htp//www.Modelica.org

* Modelica is a free modeling language developed by the non-profit
Modelica Association since 1996 in 42 design meetings a 3 days (about 4 m.y.)
Chairman of Modelica Association: Martin Otter, DLR, since 2000.

* Modelica® is a registered trademark (Europe and U.S.A)
« It is based on differential, algebraic and discrete equations

* It is used in industrial applications since 2000.
previous version: Modelica 2.1 (January 2004)
New version  : Modelica 2.2 (February 2005)

* Modelica tools: Dymola, MathModelica, OpenModelica (not yet useful)

* Books:
- Introduction to Physical Modeling with Modelica.
by Michael Tiller, Kluwer Academic Publisher, 2001
- Principles of Object Oriented Modeling and Simulation with Modelica
by Peter Fritzson, Wiley-IEEE press, 940 pages, 2003
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Example: detailed Modelica vehicle model

* Vehicle dynamics (3-dim. mechanics) ...
* Power train (1-dim. mechanics) -

° Hydraulics
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Dynasim AB
Ideon, Lund, Sweden

http://www.dynsim.de

« Founded 1992 E DF"HSim

* Privately owned by Hilding Elmqvist
* Product: Dymola
* Support of Modelica since 1999

* Major customers:
Toyota, United Technologies, Ford, Aisin Seiki, BMW

* About 1000 Dymola licenses sold

* Distributors in
Germany, Japan, U.S.A, Canada, U .K., Italy
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2. User

s View - Schematics

(screenshots from Dymola's graphical editor)

dlriver
Driver e Component/device
-S | - =
engine :..~ t:i;nsmsgm\y Cgar] i . . :‘
— o[ =
Connection ¢ Connector o 1 i /‘JD—DJ 2= —
dHP2Z_

® Each Icon represents a physical component.
(electrical resistance, mechanical device, pump, ...)

* A connection line represents the actual physical s =
coupling (wire, fluid flow, heat flow, ...)

/

equation
w o=

J*a =

deriphi);
der(w):
flange_a.tau + flangs b tau;

® A component consists of connected sub-components
(= hierarchical structure) and/or is described by equations.

® By symbolic algorithms, the high level Modelica description is
transformed into state space form (dx/dt = f(x, t))
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Example: Industrial Robot (DLR, Dynasim, KUKA)

refPos

table_qtd

robot

model Resistor
extends OnePort;
parameter Real R;

equation
v = R*i;

end Resistor;

.. | mechanics

k=fi

raklator 13Gear

™~

flange_atau

flange_a.phi

flange ofjoint axis

. flange_blau
.D_E‘—>
ear flange_b.ohi

lange_a g flange_b

load

axish

axis§

-
0.1.0}

m={0,1

TRy

¢

axis4

04
=D

b3={0,0,0}
i
I--_.E"5 :

axisd

axisZ

axis1

1000 non-trivial algebraic equations, 80 states:

with Dymola's real-time integrators for stiff systems

faster as real-time on 650 Mhz PC.
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torque given

Design principles of Modelica /
torue Inertial
1 .
f\/ tau Tﬁ\
freqHz=(1 } = same device
* Software components represent physical devices | . _ (rot. inertia)
. . . . posttion Inettis2 | —
(computational causality is not fixed in model) Va — e
phi T ==
duration={2} \ el
angle given
. ot emele Inertiz .:; Inertiz2
« Same connection possibilities as I o T | S—C "3
. . = . = =
physical devices Ty el

merging of
/ volumes

pipe1

pipe

=05

« Same or better computational efficiency as "standard" software

Only possible, due to specialized symbolic pre-processing
(Modelica is designed such that known algorithms can be used)
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Graphics editing tools

Drag & drop Modeling with Dymola

= bymaola - Dynamic Modeling Laboratory - [Diagram] = IDlzl
= ----- dation Blot  Animation Commands  WWindow Help _|E|1|
JJDHQ%['&"WNDOVAI [y Z[["%- ¢ » =@ A B[00 <]

Package browser Packages -
[+ ¥ Madelica Reference

] [JModelica

t| (g7 Blocks

[#

[ (5] Constants
[+l (=] Electrical
[
[
=

+ (5] Icons
0 [Hath

= Mechanics i
g sing! Torgue] Inertiat

Diagram- layer

Inertiaz
L

Springl

E| H Rotational L —
| (] Examples /\/ —%@ T —

[ Interfaces freqHz={1} =

Al nertia -

-é;a:ldealﬁear Drag and drop

=IdeaIPIanetary

d
E Bl el w |

Component browser

Components
E[Unnamed
Inertial
Springl
Inertia2
Torquel

1 Sinal LI

=
c=c T%T

@Modellng |25lmulatlon I/J
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Component Data Definition (double click on component)

revoluteZ in MultiBody.Examples.Elementary.DoublePend

DoublePendulum - MultiBody.Examples.Elementary.DoublePendulum {Read-Only) - [Diagra

= File Edit Simulation Flot  Animation Commands  Window  Help

=lol=
=18l x]

Q& W/ mey ANL & [HN, [Z|%-¢«»=EHAB |

Packages
€M odslica Reference

General I Animation I Advanced |
— Component lcon
Mame Irevolute2
Commnent I
—Model Revolute
Path ultiBody.Joints. Revalute
Comment Revolute joint [1 rotational degree-of-freedom, 2 potential states]
—Parameter
animation tue = |» = true, if animation zhall be enabled [show axiz 2z cylinder)
n 001 =l Auiz of rotation resolved in frame_a (= same as in frame_b)
phi_offzet 0 » deg Relative angle offzet [angle = phi + from_deg(phi_offset])
—Initialization
initType | MultiBody. Types.Init. Position\ielocity;l 3 Type of initizlization [defines uzage of start values below]
phi_start 0 » deg Initial value of ratation angle phi [fiked or guess value)
w_start 0 v deg/s  Initial value of relative angular welocity w = derphi]
a_gtart 0 v deg/:2 Initial value of relative angular acceleration a = derfw]

2]

r={05,0,0}

revolte r={0.5,0,0}

| Modeling I “y* Simulation I

Infa Cloze Z
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L] . . o .
Translation (Modelica — C — Object-code) + Simulation + Plots
Sidrive - drive 10 x|
Eile Edit Simulation Plot Animation “Window Help
eEE WE: G @IBEER[TEI» N[ K«aD»
Yarables / Walues Uit Dezcription & o ] S
::::12 inertial.w inertiaZ.w
Plot selection Ftorquet M
Hinertial 0+
Elinertia2 6
-[phi ad Abzolute ratation .. T T T T T T T T
’ hi] radds der[Abzolute ratati... g 05 1
N/ G -
( i sinel. y[1]
~ | 3 kagm2 Maoment of inertia E
| 0 rad's Abzolute angular ... 0 —/\/\_/
g rad/s/s  derfAbzolute angu... 7
[a rad/s2 Abzolute angular ... T T T T T T T T
[+ zinel 1] 05 1
[=lzpring - :
Change initial [ phi_rel rad Relative ratation a... spring.phi_rel
condition [tau M.m Torque between fl... d
Hflange_a — 0 _\/\/\/_/\
Sorina caokistant LI T T T T T T T T

[![EEE]!] i DLR

Change parameter

[+ flange_b
e @ Jrad
g Aavanced

= true

= true

sinel. freqH=[1] = Z;
simulateModel ("drive",

resultFile="drive");

|_=]M0deling I W Simulation I/
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3-dim. Animation

fullRobot - MultiBody.Examples.Systems.RobotR3.fullRobot (Read-Only)

File Edit Simulation Plot Animation Commands window Help

~=1ol x|

IEEETIL =Ny

@ |2 X[ Q0> n

H«dD»

Variables IVa\ues | Unit = | * Animation I ] 55| . . .
hematic Animation (Bet
Ehirchs Schematic Animation (Beta
[ axis2
[]ax!sﬂ o ControlledTanks _1ol x|
3 axisd
[ axish fs Windaw Help
Faib e S ER[BEOHI> I [ K «ab»
Bmechanics -
Hpath
[ | endénglel B0 deg
[ enddngle? 70 deg
-] endéngled -35 deg waltTime = limit =
OET 45 deg 2] bse] makeProduct filTan. .
-] endéngled 110 deg
[enddngles 45 dea
. M aot i -
4 | v o stat  ERCRroduet gt 2
Advanced | start - !
souce ]
Modeling | Simulation e
_ S v ],
[Hvalve2
Fvalved Es
= al
stap
.113nkcnntrner /'/ = L0 AL
Fi
st valvel B
" | > levelt + level...
stop stop valve?) i
shut ! shut makeProduct.fil Tank2 active or emp...
gt g makeProduct emptyTank2 active o ...
shut 1 | _I _’I o
Advanced | % A %
tank2
) y
Y
il
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Export of Modelica models to SIMULINK

Modelica models (with inputs, outputs) can be translated by Dymola
to Simulink in the form of a C-Mex S-Function:

in SIMULINK
Gear * |- (O] x]

I extTomue  Inertial 2 Inertia2 ~ analeSenser
/‘D—é_:—l:li ~I.
— — . .
teu T i T Simulation  Format  Tools
J=1 gear=2 J=4 §|¥:E|9Q|}-|H
torque angle
speed Sensor
speed
angle_signa == ﬁ
in Dymola Soope.
r\v que_signa
Sine Wave
zpeed_signal = = E
cope
DymaolaBlock
Iritalizing [100% [T=0.000  |oded5 4
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Design of Modelica models (Dymola 6)

- @ plotResponses enzitivities
3 @ plotParameterD ependencies

[

B[] Examples
B (] Intemal
[
[

* optimize()

- (1) checkCalibrationS ensiivity Starting point: Modelica model where some
7 [ Critera parameters are not yet fixed and shall be determined.
Set of functions (expanded for final release), e.g.:

| [T Recards . calibrateMOdel()
][] Types make simulation results close to measurements

[JDesian with parameter optimization that is based on

D%Ijz:ni:de » multiple criteria (e.g. overshoot, rise time, settling time)
- () calirateModsl » multiple simulation runs for one iteration

RO (e.g. different operating points)

tune, e.g., controller parameters, that the controller
works well in all operating points.

* plotResponseSensitivities()
evaluate sensitivity of model against variations of

parameters.
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Design.optimize() inimi i f citeria i/d d i
. minimize (maximum of citeria_i/demand 1)
Design.optimize e o
®0ptimize U OptimizationS etup |
E| U zetup —Irput
[ i tunerParameters todel »  Modelica name of the model used for the optimization
[+ R caseParameters tunerFarameters »  Model parameters to be optimized
[#- T waselriteria cazeParameaters »  Model parameters defining one caze [e.q. operating point)
- g caseNames cazelritenia »  Criteria definitions for one case
E‘E‘ cazes cazeMames »  Mames of the different cazes
- [1n] demands cazes b [zase, cazeParameters] matnix defining the different cases
ﬁ integratar demands ¥ [case, caselriteria) matnix defining the demand values used for scaling
- g optinizer integrator I ¥ Integrator parameters for all cases
optimizer I »  Optimization parameters
®optimize =] 4 TuneParameter
e Il'y'[ setup —Dleseription
BE i tunerParameters Model parameter to be optimized [game walue for all cazes)
L@k
Fows |3 =
- @K j
L Kq name achive Walue i
- g caseParameters 1 KF ;I -2.95319096183143
L 2 UK LI -2.71804063778775
(- N cazelriteria
3 kg | 0.700519275733324
[~ EF caseNames
EE caes | | 1] | _PI
@ ﬁemands =l Select |
0K I Copy Call | Execute | Cloge |
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3. Modelica Libraries

Modelica Standard Library (free)

Size is doubled from 1.6 to 2.1.

The 2.2 library 1s delivered with the newest Dymola
version 5.3b++ used in the exercises.

The user has the choice between 1.6, 2.1 and 2.2 since
not backward compatible for the first time (1.6 -> 2.1)

Conversion is automatic, but not possible to go back.

(=187

number of generic number of number of
models functions packages

Modelica 1.6

(June 2004) 290 40 50
Modelica 2.1

(Nov. 2004) 580 200 130
Modelica 2.2 )
(March 2005) 640 470 1450 (Media)

Appearance @ I @

—Modelica version

2x|

22

o]

Cancel
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Electrical
Analog R, L, C, Diode, PMOS, NMOS, ...
Digital 2-, 3-, 4-, 9-valued VHDL logic elements
Machines asynchronous-, synchronous-, DC-motors/generators
MultiPhase R, L, C, Diode etc. for multiple phases
Mechanics
MultiBody 3D-mechanics (body, joint, force, sensor, ...)
Rotational 1D-rotational (inertia, clutch, brake, bearingFriction, ..)
Translational 1 D-translational (mass, stop, spring, ...)
Thermal
HeatTransfer Lumped heat transfer (heat capacitor, thermal conductor, ...)
FluidHeatFlow 1-dim., incompressible thermo-fluid flow, e.g., for cooling.
Media 1250 media (single/multiple substances, one/multiple phases)
Blocks (input/output blocks) Constants, Icons, STunits
Continuous Math
Discrete Matrices (eigen values, LU, QR, ...)
Logical Utilities
Nonlinear Files  (copy, move, rename files, ...)
Routing Streams (print, readFile, readLine, ...)
Sources Strings  (find, replace, sort, scan, ...)
Tables System (get/set work directory, ...)
StateGraph (hierarchical state machines)
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Modelica.Electrical. Analog Modelica.Mechanics.MultiBody

C4
I - r
do=te10 }
Grids ™ F=0.0001

Modelica.Electrical.Digital

EE—LLT v

And2

&
orl

Modelica. Thermal.HeatTransfer

C
Modelica.Electrical. Machines T
Star2 & 4
m=m ‘W H
* G=al convection
Al
Modelica.StateGraph, Modelica.Blocks.Logical
Modelica.Mechanics.Rotational
intizlStep transition step transition2
ge.ar=2 1 ]
Inertial =r Inertia2
L JIT' _ 1 L tr!a active
—c— =y || Sr—e T
[T T_INT T
J=1 [ J=15 timer
_A =
1
E % Elmgqpvist, Otter: Tutorial 1 - Modelica and Dymola for System Design, Part 1, Modelica'2005 19

Sublibraries of Modelica for sampled data and discrete event systems

Modelica.Blocks.Logical Modelica.StateGraph  Modelica.Blocks.Discrete

(logical networks) (discrete event systems)  (sampled data systems)

[JLogical @ StateGraph |j Dizcrete

..:jpmd r5 €W Users Guide --ESampler

-0 ¢ 05

: + E |

L hor B ﬁ Ll --ZeraDrderHDId

" + Irkerf

- o = Ij niernaces --FirstEIrderHu:uId
= InitialSt

- _fNand LSk --UnitDeIa_l.J

o INot - Initials tepwithSignal _

=~ --E-Tran&ferFunctmn

- Ste

Jtdoe D P --StateSpace

_ -_J5tepwithSignal _

-} FalingE dge + ransii [JETrlggeredSampler
- rarzition

---_}Change EJETriggeredMaH

--rP_}GreaterThreshold i '-I- TransitiorafithSignal

--i}GreaterEqualThreshold N _[' } Alternative

--ri}LessThreshold {:l Parallel
- arallel

--i}LessEqualThreshold -

..ﬁﬁ[eate[ EIDParlia":DmpDSilEStEp intialStep  transtion? step transitionZ

--:_dvGreaterEquaI - E StateGraphFoot > L » !

--i&Less I I

--_-_&LessEquaI true true

--rjﬁ}ZeroElossing
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Modelica.Math.Matrices

Dymola and Modelica have been mainly used for simulation of
non-linear systems. The Modelica Association develops

singulary alues

EJMath currently also libraries for scripting, as needed for pre- and

1 (] Matices postprocessing of simulations, e.g., for linear algebra. This
;”E':ual reduces the need to switch to Matlab, since direct and
e convenient usage in Modelica/Dymola. Furthermore, much
fastSquares easier to get a stable/robust interface due to the strongly typed
LU wguage:
LU_salve
OR "least squares" solution of linear system
eiger alues
eizenVaIueMatriH

Eigenvalues and optional eigenvectors

! ew = eigenValues (A) ;
i
ranik, (ew, ev) = eigenValues(A) ;
balanze
exp
integralE =p
integralExpT
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Modelica.Utilities
[ Strings [JFiles [J5teams [ Svstem .
- (1 Jlength -1 list print et orkDirectory VGI’y convenient fOI‘
substring copy readFile setwork Directary String handlll’lg
repeat move readLing getEnvironmentyariable .
COMpare remove countlines setE rvironmenty aniable (muCh better as 1
isEqual removeFile errar command C FOI’tI'aIl Matlab)
ot createDirectary close exit ’ ’
find exist
findLazt aszerthew
replace PR e.g. Streams.print("Output on terminal")
sart zplitPathi ame .
- emporagFietlame Streams.print("Output on file", "test.txt")
scarfies Files.remove("test.txt")
scaninteger
scanBoolean
scanSting . eqe, .
o Modelica.Utilities. Examples.readRealParameterModel:
scanDelimiter
scartaToken parameter String file = classDirectory() + "data/test.txt"
sptanErnor parameter SI.Inertia J = readRealParameter(file, "J");
B [JAdvanced parameter SI.Velocity v0 = readRealParameter (file, "vO");

test.txt:
J = 2.0 // comment
v0 = sin(pi/3);
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Free Libraries under development (Beta available)

. ] 5ampled
VehicleSystems - Sampled o
_ & (Jintertaces - continuous parameterization
[CJlVehicleSystems i . )
- diectory Complete vehicle E gm . - switch between continuous
[l ] Architectures . ] LR ate . . .
£ (S Decumertation models (driver, B (] Evamples and discrete approximations
30 teons transmission - Decinator
[+ ﬁ Implementations ’ --Elnterpolator
=+ ﬁ Interfaces battel'y, 1 D mOdGIS, --DFIH_Decimator
ﬁBasic\-"ehicleS}lstems Simple 3D Chassis "DHH_'nthDU'atUI
EI ﬁ Chaszsis --@Linearlnterpolator
[+ [[]BaseClasses mOdels) --@LinlntMV
i [ Bodiss [ [ MoiseGenerators
= t_.ti Fourtaheeler [+] ﬁ Controller
B [ Interfaces = [ Types
-8 RigidChassis - FirstQicder
B[] Tires --SecondDrder
- o PwehicleSpeedSensar --Integlator
# (] Data Sl
[+ [T Driver --Derivative
[#] [C] Powerplant --DStateSpace
[+ ﬁ Transmizsion --ETransfelFunction
[+ ﬁ Types ---E}Sampler
-- UnitDrelay
--DADconverter
D Dacorverter
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LinearSystems UserInteraction
ﬁ LinearSystems [] Usernteraction .
HER StateSpace ) [CJParameternputs COH’IpOIlCIltS fOI’ dynamlc
sizesStateSpace it and interactive interaction
. i - ParameterSlider .
lingarize @ P aramcieknob with the model
readStateSpace - 7= MumericStatel 0
frequencyR esponse = [Jinputs
- = umericlnput! O
platBode | Eside
plotBodeForkd odel & Knoh
- f JrootLocus - | brigButton
=[] Intemal - Lk ToggleButton
- Qo .
= ﬁ EHampIES - Mumernic alue 00 r— 0.0 .
- -_I IndicatorRectangle o
. . g OIndicatorLamp
operations on linear systems, - v Pobline
. . . 10 n
e.g. model linearization, -/ Pobgen | -
. - H Bar " 0 g
eigen value plot, A
- SpatialPlotwithE ackg
Bode plot »
- [ SpatialPlot2 100
..mDynamicDiagram i _._.M_,_ii/\/
- D DynamicT race - 0
[+ ] Evamples
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Commercial Libraries

HyLib (hydraulic systems)

AirConditioning

: O : < ‘—’_g {

selected as standard tool for modeling of
vehicle air conditioning systems by the
6 German car manufacturers

Import/Export
* Simulink — Modelica (Simelica)
* Modelica — Simulink (Dymola option)
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4. Modelica Basics
Equation based modeling
The general form in Modelica:
expression = expression [ e []R
e.g., J*der(x)=tl +t2 (Eulers law)
R*i=v (Ohm’s law) " g 5
“Unknown” depends o dlconne
i=wR &~
u:=R*i
R :=u/i ]
or system of algebraic equations psr 18 []§
e:=R*i-u (residue) e T
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Variables and Attributes

pre-defined data types
Real, Integer, Boolean, String

pre-defined data tye attributes

new data type
(floating point number) (e.g. unit)

. v :
type Angle

= Real (quantity ="Angle” , unit="rad”,;m
displayUnit="deg") ; i
type Torque = Real (quantity ="Torque” , unit="N.m");
type Mass = Real (quantity ="Mass"” , unit="kg", min=0) ;
type Pressure = Real (quantity ="Pressure", unit="Pa",
displayUnit="bar” , nominal=1.e5);

Attributes:
quantity, unit, displayUnit, min, max, start, fixed, nominal, stateSelect

Library Modelica.SIunits:
450 pre-defined types according to the ISO unit standard
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Modelica Component Models

connector Pin
Voltage V;
flow Current 1i; // Sums to zero
end Pin;
partial model TwoPin
Pin p, n; Voltage v;

n o equation
V = p.vV - n.v;
0 = p.i + n.i;

end TwoPin;

model Capacitor
extends TwoPin;
- parameter Capacitance C;
= |—o equation
C*der(v) = p.1i;
end Capacitor;
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ramp

Hierarchical Modelica Models a T oo gearsiiD

™ ‘|_rr,_r"r
duration={0.5

Ti=0.02 c=Tes

inertia
1

[t

J=5

o3}

model MotorDrive

/ Instance name

Ramp ramp;
s wemme Motor motor;

Gearbox gea

Inertia inertia(Jd = 10) ;

SpeedSensor tacho; Modifier
equation

fcontroller.outPort, motor.inPort) ;

connect (motor.flange , gearbox.flange a);

connect (gearbox.flange b , inertia.flange a);
Commssiion connect (inertis , tacho.flange) ;

connect (tacho.outPort , controller.inPort?2) ;

connect (ramp.outPort

end MotorDrive; Connector
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, controller.inPortl) ;

29

Modelica Interface Definitions

connector Pin connector Flange
Voltage v; Position S;
flow Current 1i; flow Force f;
end Pin; end Flange;
electrical 1-dim. mechanical f,
R3

S3 -_—

R1 R2
connect (R1.p, R2.p); connect (ml.flange a, m2.flange a) ;
connect (R1.p, R3.p); connect (ml.flange a, m3.flange a) ;
i=V, $1=5,
=V (i, =R1pdi, $17=953
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Elementary Interfaces provided in Libraries

Typ Potential-V. | Fluss-Variable Connector-Name (Modelica library) Icon
. electrical . . L PasitiveFin
electrical . current Modelica.Electrical. Analog.Interfaces. PositivePin u -
potentlal I:‘ MegativeFin
. . . . . .Flange_a
translational |distance force (scalar) Modelica.Mechanics. Translational.Interfaces.Flange_a " Jrange.b
* deli hani . | 5 . Flange_a
rotational  |angle torque (scalar)  |Modelica.Mechanics.Rotational.Interfaces.Flange_a () Fiange._b
. .HeatF'ort_a
heat transfer |temperature heat flow rate Modelica. Thermal . HeatTransfer.Interfaces. HeatPort_a [ JHestPorb
o .F'ort_A
hydraulic  |pressure volume flow rate |HyLibLight.Interfaces.Port_A [JPate
o @ Port_1
pneumatic  |pressure mass flow rate PneuLibLight.Interfaces.Port_1 Patt 2
position vector, cut-force (vector) [Frame_a
mechanical |transformation Modelica.Mechanics.MultiBody.Interfaces.Frame_a [ Frameb
. cut-torque (vector) =
matrix
pressure mass flow rate, W FuicPor
. e enthalpy flow rate, . . . )
thermo-fluid [specific enthalpy, Modelica_Fluid.Interfaces.FluidPort_a [ |FuidPort_b
. mass flow rate of
mass fractions
substances
) Real, Boolean, Model%ca.Blocks.Interfaces.RealInput /Output > T
signal Inteeer Vektor Modelica.Blocks.Interfaces.BooleanInput/Output
& Modelica.Blocks.Interfaces.IntegerInput /Output >y
(hydraulic : incompressible pipe flow
pneumatic : compressible pipe flow
thermo-fluid: incompressible/compressible multi-substances/phases pipe flow with heat transport)
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Modelica Libraries (package)

Modelica libraries are hierarically structured and are mapped on the identical
hierarchy of the file system. This allows to find referenced Modelica classes
automatically in the file system:

\Modelica
\Blocks
\Electrical

\Analog
package.mo

_Basic.mo

Semiconductors.mo
Sources.mo

§package Basic 4 .....................
model Resistor

end Res l stor ; I I Library

\Mechanics
package.mo
Rotational .mo
Translational.mo

Constants.mo

Icons.mo

Math.mo

SIunits.mo

model Capacitor
end Capacitor;

end Basic;

File: ...\Modelica\Electrical\Analog\Basic.mo

Library: Modelica.Electrical.Analog.Basic
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Arrays and Component Arrays

Arrays are similar as in Matlab: parameter Real A[:,:] = [11, 12,
21, 22,

But: Arrays can be defined from every model class.

Example:
electrical line
with losses

[¢]
I}

Ojs o‘{

ground

import Basic = Modelig¢a.Electrital.Analog.Basic;

parameter Integer n=4

Basic.Resistor Rvec[n] // 4|resistors
equation

for i in 1:n-1 loop

13;
23] ;

connect (Rvec[i] .n, Rvec[i+1l].p); // connector definition

end for;

Allows convenient discretization of simple partial differential equations
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