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= Object-Oriented modeling language

= Modelica Standard Library m
‘ @

Developed and supported by Modelica Association MODELICA
www.modelica.org

8th International Modelica Conference,
March 20th - 22nd, 2011
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ModelicaStandardLibrary (MSL)

= MSL provided by Modelica Association
= Current version 3.1

= MSL includes basic components of various
physical areas

= Electrical

= Magnetic

= Mechanics
= Thermal

= Slunits

= Constants
= etc ...
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Dymola

= Modeling and Simulation tool based on Modelica
= Graphical editor 7
= Symbolic transformation + compiling Z 7S

= Simulation and graphical pl DASSAULT
Simulation and graphical plot DasSsAUL]

=  Windows or Linux

= Developed and supported by Dassault Systems
Based on the work of Hilding EImqvist, Lund, Sweden
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Modeling Environment
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Object-Oriented Modeling

= Each icon represents a physical
component

= Connectors are the interfaces to
environment

= Connections correspond to physical
connections

August 31, 2010
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Dymola Diagram Layer
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Package Browser
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(2 (TP ¥PPCTutorial_Modelica
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WlFositiverin
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(2 Example01, - YPPCTutorial_Modelica.Examples. Example01 - [Diagram]
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Dymola Text Layer

51 Example01 - VPPCTutor
B Fle Ede o B
EEHAE W /ooy ARS b FER

|Package Browser 8 X | nodel Exaupleol

Conmands  Window  Help B
=

100% -

Packages
[+ §Modelica Reference
[Jmodeiica
Hunnamed
[CPVFRCTutorial_Modelica
| [Jinterfaces
WFin
- lPostiverin
[hegativerin
“e sOnePort

Components Ground grownd snmotation (Placement (transformation{extent={{-70,-30},{-50,-101}13};
Compoments. Source sowrce(V=l) amnotarion (Placement {transformation(estent=((-10,-101,(10,10)},zovacien=270,origin=(-60,20}1)};
Components Resistor resistor(R=l) amnotation (Placement|transformationiertent={{-40,30}, {-20,50}}i1);

Compoments. Capaciter capasitor(C=0.1) ammotation (Placement (transformation(extent={{-10,-10},(10,10}}, roracicn=z70,0rigin=(0,20}1)1;

eruanion
comnect (ground p, source.n) ammotation (Line(points={{-80,-10},{-60,10}}, calor={(0,0,255}, snooth=3mooth. None} ) ;

cormect (source.p, resistor.p) armovation (Line(pointss{{-60,30},{-60,40},{-40,40}) color=(0,0,255), sucoth=Suosch. Nonells

connect [resistor.n, capacitor.p) snmotation (Linme(points=({-20,40}, {1 63637e-015,40}, {1 63857-015,30}}, color={0,0,255}, snooth=Snoorh Hone) | ;
cormert (capacitor.n, source.n) ammotation (Line(points=i{(-1.83637e-015,.10},{0,10},{0,0},(-60,0}, {-60,10}}, color=(0,0,255) snooch=suooth. None ) ;

= ammovacion (Diagramigraphics), Icon(graphics={ELlipse(
extent={{-100,1003,{100,-100}},

9 ControlBus lineColor={n,0,0},

£i11Color={255,288,285),

W SubBust
fillPantern=FillPatrern Solid), Polygom(
- @B SubBus? points={{-4&,60}, {-46,-Ed}, (80,4}, (-46,€0}},
& Jcomponents lineColor={0,0,0}, R
suooth=gucoth. Hons,
wResitor £i11Color={215,215, 215}, O e I( :a
- ep<soice - fillPavcern=FillPactern. Solid)})):

end Exemplell:
we-sCapacitor

-+ Ground
BN
yadapter

- [[]compot

= [CJExamples
®

- () Examplen2

(B)Examplens

Code

E =] » (&)

VPPCTutorial ModelicaExamples. ExampleDl Line: 25 Madling | Simulation
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Dymola Modeling

Example01 - VPPCTutorial_Modelica.Examples. Example01
Flle: Edit Simulation Plot ton Commands
EHQAS N /OO AL B-]
Package Browser a8 x

P Diagram
=@Modelica Reference
FIModelica
Unnamed
= JVPPCTutorial_Modelica end Example0l;
[JComponents
—=Resistor
-»—=[nductor
=Capacitor
- ¥ Ground
H=Source
HeatingResistor
-3-EMF
rAdapter
-[JComp01
[lnterfaces
[Dlcons
[JExamples
le01

equation

EEI€] » (] :
VPPCTutorial_Modelica Examples Example01 | Madeling | ¥ Simulation
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Dymola Modeling

Example01 - VBPCTutorial_Modelica.Examples. Example01
File: Edit Simulation Plot A ion Commands  Window  Help

BHRAE R /YO0 AL D Z- B-¢«»maA

Package Browser exla—
Dilagram
Packages —=ed
=€Modelica Reference 7 | e
7 CJModelica VEBCTutorial Modslica.Componsnts.Ground ground
Unnamed annotation (Placement (transformation(extent={{-80,-20},{-60,0}%}1)1;
= JVPPCTutorial_Modelica Modelica.Electrical.Analog. Sources.ConstantVeltage veoltage (V=1)
CJComponents annotation (Placement (transformation(extent={(-10,-10},{10,10}}, rotation=270
—=Resistor )
~»—=[Nductor equation
el it connect (ground.p, voltage.n)
e Apacitor annotation (Line (points={{-70,0},{-70,20}},e0lor={0,0,255}, 2mooth=8mooth.Non
- ¥ Ground
H=50Urce annotation (Diagram (graphics));
IeHeatingResistor end Example(l;
-3-EMF
rAdapter
-[JComp01
[lnterfaces £
[Dlcons g
= [JExamples [

3

ElEl<4]+ [&]

VPPCTutorial_Modelica Examples Example01 Lime: 1 Modeling [I Simulation
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Dymola Simulation Window

Example01 - YPPCTutorial_Modelica.Examples.Example01 - [Plot]
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Basics of Modelica
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Modeling and Simulation

= Modeling

= Simplified description of the reality
= Algebraic equations

_ v=RIi
Resistor:
= Ordinary (time dependent) differential equations
Inductor: i
v=_L BOL
dt

=  Simulation

= Solving the Differential-Algebraic Equation System (DAE) by means of suitable
solvers

August 31, 2010
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From Modeling to Results |

1. Models in the Dymola Modeling Window (Graphical or Textual)
= |nstantiated models are replaced by their class definitions

2. Differential-Algebraic Equation System is created
= Component and connection equations

3. Alias and zero variables are eliminated
= a=b,a=-b,a=0, ...

= Due to connections and restrictions

4. Equation system is sorted to get Block Lower Triangular (BLT) form
= Finding algebraic loops

August 31, 2010 16
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From Modeling to Results Il

5. Tearing
= Breaking algebraic loops and simplifying the equation system

6. Modelica is translated to C — Code

7. Code is compiled and the solver is linked to the executable
= Machine code to maximize execution speed
= Stand-alone program usable in different environments

8. Simulation is started by calling the executable

9. Results can be plotted in the Dymola Simulation Window

August 31, 2010 17
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Variables
= Basic types of variables = Prefixes:
= Real continuous =  constant
= Integer discrete = parameter
= Boolean false, true = input, output
= String = flow

= Other variables:
= physical quantities with (SI-) units predefined in Modelica.Slunits
= e.g. Modelica.Slunits.Current

type ElectricCurrent = Real
(final  quantity=  "ElectricCurrent” , final  unit= "A");

August 31, 2010
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Equations and Algorithms

= Usually models are built using equations
= Equation is solved for the unknown variable by Dymola

equation
v = R*j;

= Assignments are typically used for functions or controls
= Usage defines the unknown variable

algorithm
v = R*i;
I == VIR;

= Special operator — derivative with respect to time

equation
v = L* der(i);

August 31, 2010
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Events
=  Decisions = Events
= Time events
if x<O0 then
y=0: Boolean b;
’ when time <= tStart then
else
y=X: b= not b;
end if : end when;

= State events
When x crosses 0 an event is Boolean b

triggered when i>=iMax  then
b= not b;
end when;

= Events are treated correctly. First the left-hand limit is determined,
then the right-hand limit (new start value) is iterated.
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Connectors = physical interface

= Defines potential- and flow variables
= Connected connectors have same potential (mesh rule)

= For flow variables the junction rule applies (sum of flows is zero)

physical area potential flow

electrical voltage / potential current
mechanics rotational angle torque
mechanics translational position force
thermodynamics temperature heat flow rate
fluid flow pressure mass flow rate

August 31, 2010
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Example01
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Creating the package |

Dymola - Dynamic Modeling Laboratory - [Diagram]

File | Edit  Simulation  Plot Animation Commands  Window  Help

= Create New Package.

T —
_E| 3 HENL. ' Model g‘ i ! e Mame of new package:
E = Open... Crl+O Connector WPPCTutorial_Modelica |
E Libraries + Recard Description:
1 Demaos L Block, | |
EH savwe Chrl+5 Furickion ] Partial
E Cave ds. . Package Extends {optional):

Save Al Duplicate Class | |

Save Tatal... Insert in package {optional):

‘ersion 4 | X |

Save contents of package in one file

Clear All
Q Search... [ oK, ,][ Cancel ]
Chanige Direckary. ..

&h Print... Ctrl+P

Expoart... 4 i : You are adding VPPCTuterial Modelica asanew top-level package.

Save Log... We just wank bo verify Ehat wou did not Forget ko give the name of the enclosing

Save Scripk, ., package,

Clear Log l ACCEEt [ Retry ][ Cancel ]

Recent Files 3

Exit
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Creating the package Il

Create New Package

VPPCTutorial_Modelica - YPPCTutorial_Modelica - [Diagram]

Mame of new package:

File  Edit Commands  Window  Help |Interfaces I |
EHAS R YOOoCANL &[] = % ¢ =EHTT" |

Package Browser g X [ Partial

Packages Extends {optional):

lﬂll‘\'h:l:lelica Reference | | 2

ﬁl’ﬂndelica Insert in package (optional):

é--LInnamed

| YPPCTutorial_Modelica

S | ¥PPCTUtarial_Modelic: P ——— Save contents of package in ane file

Open Class in This 'Window e l ’ elrel ]
Open Class in New Window
| Edit r Unload
£ check Rename. ..
Q Seatch... Duplicate Class
Close Extend From...
Info Mew Class in Package Mew Model. ..
Patameters 2 Mew Connectar,.,
Mew Record, ..
Mew Block, ..

Mew Function. ..

Mew Package. .. %
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Creating the connector

= Connectors consist of
= Potential variable
= Flow variable

= Electrical connector

connector  Pin "Pin of an electrical component”
Modelica.Slunits.Voltage v "Potential at the pin” ;
flow Modelica.Slunits.Current i "Current flowing into the pin"
end Pin;

connector  PositivePin "Positive pin of an electrical component"
extends Interfaces.Pin . // Inherits connector Pin
end PositivePin;

connector  NegativePin “Negative pin of an electrical component"

extends Interfaces.Pin ./l Inherits connector Pin
end NegativePin;

August 31, 2010
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Creating the connector |

Create New Connector

Interfaces - VPPCTutorial_Modelica. Interfaces - [Diagram]

Mame of new conneckor:

File  Edit Commands  Window  Help |Pin |
= & Q = k? ,N{ O o (\7 AN i' .@.' . 5~ %Y ¢ Description:
Package Browser g X |Pin of an electrical component |
Packages [] partial
ﬂModeIica Reference Extends {optional):
[ Modelica |
g--LInnamed _ . Insett in package {optional):
= @VPPCTutorlal_Modellca | WPPCTubarial_Modelica. Interfaces
Open Library Window o l [ Cancel ]
Open Class in This Window

Open Class in Mew Window

| Edit r Remaove
§Z Check Fename...
Q Search... Duplicate Class
Close Extend From...
Info Mew Class in Package | Mew Model,..
Parameters Order 4 | Mew Conneckar, .
Mew Record. ..
Mew Block. ..

Mew Function. ..

Mew Package. ..
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Creating the connector Il

Pin - VPPCTutorial_Modelica.Interfaces.Pin, - [Modelica Text]

E File  Edit Commands  Window  Help
ey =
BEEHQE8 N /YOO ARZL D Z- - e9mSAEHSE 00 -
Package Browser g X connector Pin "Pin of an electrical component"
Packa Modelica. 8Tunits=s. Voltage v "Potential at the pin'":
.ac e flow Modelica. 8Tunits. Current i "Current flowing into the pin';
[+ €¥Modelica Reference

end Pin;

[ JModelica
E--Llnnameu:l
=1 [JWPPCTutorial_Modelica

El |j1nterfal:es
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Creating the connector Il

PositivePin - VPPCTutorial_Modelica. Interfaces.PositivePin - [Modelica Text]

E File  Edit Commands  Windaw

EHAES N NOOFARL &

Help

Z- %49 MESAEE o
4

Package Erowser B X contiector PositivePin "Positiwve pin Dflectrical Compornernt "
extends Interfaces_Pin; // Inherits =ctor Pin
Packages . .
. end PositivePin;
+ #Wrodelica Reference
+ [CJModelica
é"UI‘II’IEIITIEIj PositivePin - VPPCTutorial_Modelica.Interfaces.PositivePin, - [lcon]
- ﬁl"."F'F'CTLItDFiEI' Modelica 4 File Edit Commands  Window  Help
: Jinterfaces FHQAES N V/OOCARL -] Z- - ¢« »@BAEE w00 -
. ) Package Browser A X
.F'II'I Packages
+ EModelica Reference
+ [JModelica
é--Unnamed
=1 (] ¥PPCTutorial_Modelica
= [Jinterfaces
- WP

August 31, 2010
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Creating the connector Il

Duplicate Modelica class

PositivePin - VPPCTutorial_Modelica. Interfaces.PositivePi
Mame of new connector:
& Fil= Edit Commands  Window  H |Negati'-.-'eF'in |
EEHQE WM ~JYO0C7 ARZL- Q'E Description
Package Erowser g x |Negati'-.-'e pin of an electrical component |
Packages Insert in package:
Iﬂll"-’lu:udelica Reference | YPPCTutarial_Modelica, Interfaces b |
[ JModelica
é--LInnameu:I K l ’ Cancel ]
=] ] ¥PPCTutorial_Modelica
= [Jinterfaces
i lPin
2 PositivePin

Cpen Class in This Window

Cpen Class in MNew Window

| Edit » | Remaove

§E Check Rename. ..

Q Seatch. .. | Duplicate Class
Close Extend Fram. ..
Info
Parameters Order
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Creating the connector IV

MegativePin - VPPCTutorial_Modelica.Interfaces.NegativePin - [Diagram]

File  Edit Commands  Window  Help
EHQE N /OO ARL & Ff 2 8-
Package Browser g5 x

Packages

#¥Modslica Reference
[ JModelica
Unnarmed
El [ J¥PPCTutorial_Modelica
= [JJinkerfaces
e
- [Fositiverin

& [l i=0ativerin
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= Creating a basic reusable model

= Keyword partial  allows incomplete models
= Equations are missing

partial model OnePort
Modelica.Slunits.Current I =p.i "Variable for current” X
Modelica.Slunits.Voltage V=p.V - nv "Variable for voltage" ;
Interfaces.PositivePin p "Positive Connector" :
Interfaces.NegativePin n "Negative Connector” X

equation
0 = pi + n.;

end OnePort;
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Creating the partial OnePort |

= Creating a basic reusable model

= Keyword partial  allows incomplete models
= Equations are missing

OnePort - VPPCTutorial_Modelica.Interfaces.OnePort - [Diagram]

o e—— OnePort - VPPCTutorial_Modelica. Interfaces.0OnePort - [Modelica Text]
File  Edit Commands  Window  Help
BHQAE R Yoo AlZL &-[Hf =Z- B¢ =S HEE E Fil=  Edit Cammands  Window  Help
Package Browser g X e S —
Packages @qu *? NDOI‘{?A.ﬁ {E) gv %v
OMDdEIi[a Reference
1] [PModelica Package Browser g X partial model Onelort
Unnamed
: itorial_Modelica
P Iﬂll"-’ll:u:lelica Reference Negatiwelin n 3:
.PDswtivePin Modelica
DNegativeP\n . @ a0 r t :
-CnePort E"UI’II’IEIITIEd = nerorks
= [C]¥PPCTutorial_Modelica
= [ JJInterfaces
WP
- [Positiverin
DmegativeF‘in

-OnePaort
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Creating the partial OnePort Il

OnePort - VPPCTutorial_Modelica.Interfaces.OnePort - [Modelica Text]

E File  Edit Commands  window  Help
| —
FHQAE KN /OO AEL & “Z- - ¢dmaBEE o0 -
Package Erowser g X partial model OnePort
Eackﬂges Modelica. STunits. Current i = p.i "Variable for current';
GMDdEhEa Reference Modelica. 3Tunits. Voltage v = p.v - n.v "Variable for woltage";
ﬁMDdEHCa PositivePin p a;
é--LInnamel:I NegativePin n 3;
=l :ﬁ'l.l'F'F'CTLItDrIaLMDdEhEa euation
=l [Jinterfaces 0 =p.i+ n.i;
& PN -
N a; Messages - Dymola
.F‘DSItIVEPII‘l B
end OnePort;
g--DNegativePin Synkax Error Translation Dialog Error || Sirnulation
E -OnePort Check of ¥PPCTukorial Modelica, Interfaces. onePort:
The model has & scalar unknowns and S scalar equations,

Check of YPPCTukarial Modelica, Interfaces, OnePort successful,

number of equations = number of unknowns — number of inputs — number of flow variables
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Creating a resistor

= Resistor

model Resistor
extends Interfaces.OnePort ; /I Inherits partial model OnePort
parameter Modelica.Slunits.Resistance R "Resistance"
equation
v = R*i;
end Resistor;
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Creating a resistor |

Marme of new model;

|l Search: |

| Resistar

Description

[ ] Parkial

Extends (optional):

Insert in package (optional):

| WPPC Tutarial_Modelica. Components

August 31, 2010

?)X]

Select base class

Packages
i+ §BModelica Reference

3 |jf‘-'1u:n:|eliu:a

Unnamed

&1 [JvePcTutorial_Modelica
[—'J [ JInterfaces

i M Pin

e ositiverin

DNegativePin

B [ JJComponents

|| cancel

Resistor - VPPCTutorial_Modelica.Components.Resistor - [Modelica Text]

E File  Edit  =imolation Flob o Anmation Commands  Window  Help

EHQAE R /OO0 ARL - By 4 P A

= Xl model Resistor
extends Interfaces_ OnePort;

!F‘ackage Browser

Packages

- end Resistor;
ﬂMndeIica Reference

[ Modelica

rUnnamed
= ] ¥PPCTaterisl_Modelica

El ﬁlnterfaces

DNegativePin
: aineFark
El [CJComponents

-Resistor
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Creating a resistor |l

& Resistor - VPPCTutorial Modelica.Components.Resistor - [Modelica Text]
E File Edit  Siodlation  Flob o Aogmation Commands SWindow Help

BHQE N Y OOCAEL & [Ff] Z- - ¢d»mQPAEE o -

Package Browser ] xl

model Resistor

Packs extends Interfaces.OnePort; /7 Inherits partial model OnePort
.acﬁ_ g.es parameter Modelica. STunits.PResistance B "Resistance";
[+ §§Modelica Reference
EI ﬁMDdelica equation
& Unnamed v =R Toi;
end RBesistor;
= [ ]vPPCTutorial_Modslica
L—'_I Interfaces =
Ijip_ Messages - Dymola
i~ PN
- [JFositiverin Syntax Error | Translation | Dislog Error | Simulation
DNEgatiVEF‘in Check of ¥PPCTutorial Modelica. Components . Resistor:
o eLTBPETE The model has the same nurmber of unknowns and equations: &
Check of YPPCTutorial Modelica. Components. Resistor successul,
= [JComponents
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Creating a resistor |l

Dymola

Text of label:

! [ename|

Cancel
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Other components

= Resistor

model Resistor
extends Interfaces.OnePort
parameter

equation
v = R*i;
end Resistor;

= Capacitor

model Capacitor
extends Interfaces.OnePort
parameter

equation

i = C* der (v);
end Capacitor;

August 31, 2010

Modelica.Slunits.Resistance

; /I Inherits partial model OnePort
R "Resistance"

; Il Inherits partial model OnePort
Modelica.Slunits.Capacitance

C "Capacitance" ;

38



IEEE VPPC 2010
Vehicle Power and Propulsion Conference
Lille, France

Other components

=  Source

model Source
extends Interfaces.OnePort ; /I Inherits partial model OnePort
parameter  Modelica.Slunits.Voltage V "Value of constant voltage"

equation
v = V;
end Source;

= Ground

model Ground
Interfaces.PositivePin p;

equation

p.v =0;
end Ground;
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15 Example01 - VPPCTutorial _Modelica. Examples. Example01 - [Diagram]

mlakic

Fle  Edi

ZHQE R /DO

Commands  Window  Help

& x|

E [¥PPCTatorial_Modelica
=i [CJinterfaces

- WP

- [lFositiverin

3 I:‘NegativePin

~= e0nePort

El [ Companents
- s JeResiskor

- e feSource

- =m-a”apacitor

- = Ground

= ﬁExamples

August 31, 2010

afieyon

L

ARZ > B = % ¢y mERAEE o -

resistor

L'0=D
|

ground

Jojioedea



IEEE VPPC 2010
Vehicle Power and Propulsion Conference
Lille, France

ExampleO1 I

= Textual assembly of ExampleO1

model ExampleO1l
Components.Ground  ground,;
Components.Source  source(V=1);

Components.Resistor resistor(R=1);
Components.Capacitor capacitor(C=0.1);
equation

connect (ground.p,source.n);

connect (source.p,resistor.p);

connect (resistor.n,capacitor.p);

connect (capacitor.n,source.n);
end Example01;
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= Results

Example01 - YVPPCTutorial_Modelica. Examples. Example01
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Multidisciplinary Modeling

= Combination of different types of physical areas
= Electrical
= Mechanical
= Thermal
= etc...

= Physical interfaces between these areas are needed
= Electric Machine (Electrical <~ Mechanical)
= Hydraulic Motor/Pump (Hydraulic «+» Mechanical)
= etc ...

August 31, 2010
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Multidisciplinary Modeling

. battery wﬂ %’! driver
Example: Vehicle model EI: Kﬁﬁ
controlBus
Vehicle dynamics (3D Mechanic) s
Powertrain (1D Mechanic) =il =) 1t
- engine MG1+ ptlraannest.aryMGZ \ T 1 brakes
Englne (ICE) world road atmosphere driveline
Cooling circuit (Thermo-Fluid)
Hydraulic |
y . . battery Ej {ﬁiﬂ &! driver
Electric systems and drives - ™ control,
Air Conditioning systems = — e S
ondiioning sy e ) e |
AUXIIIarIeS engti.ne Mgl M;—Z traTns. 'T\T T i brakes
Process controllers rorld xoad atmosphere  STIVELIS
==
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Multidisciplinary Modeling

= Electromotoric Force

model EMF "Electromotoric force"
extends Interfaces.OnePort

Modelica.Mechanics.Rotational.Interfaces.Flange_a

parameter  Modelica.Slunits.ElectricalTorqueConstant

Modelica.Slunits.Angle phi
Modelica.Slunits.AngularVelocity

equation
phi = flange.phi;
w = der (phi);
v=k*w;
flange.tau =-k *i;
end EMF;
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"Angle of shaft flange" ;
w "Angular velocity of flange"
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Example02

afieyon

I

resistor

ground
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inertia

Voltage [V]/Current [A]

speed [rad/s]

‘ —0ltage == Current

N\
0.2 0.4 0.6 0.8 1
time [s]
//
0.2 0.4 0.6 0.8 1
time [s]
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Bus = Expandable Connector

= Simple Bus (without protocol)

= Reduces number of connections

= Signals can be predefined

= Expansion of bus by simply adding a new connection

expandable connector ControlBus  "Control bus connector"
end ControlBus;

= Expandable Subconnector

expandable connector SubBusl "Sub bus connector”
end SubBusli,;

expandable connector SubBus2 "Sub bus connector”
end SubBus2;
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Bus = Expandable Connector (Example03)

const

signall

subBus1

signal2 -

duration=0.6 cantralBus ‘

N

sine
subBus2
signal3
—
freg:lige—'l ’ Ec_untrnIBus
[lsubBus1
signsd |:| signall
— - +[signalz
M SlsubBusz
: +[signal3
period=0.2 é"DsignaH
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Post Processing
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Post Processing

= Results are saved in
= Matlab-Format
= Text-Format

= No real Post Processing in Dymola

= Post Processing in
= Matlab
= Qctave
= MS Excel
= etc...
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