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Outline

Y Getting started with Dymola

Y Exercises
— Using the Modelica standard library

1. Simple drive train
e 2. Animation of a pendulum
— Writing simple models (own equations)
* 3. Acceleration of mass
4. Different model variants of a pendulum
— Definition of arrays of components
e 5. 1-dim heat flow
— Hybrid systems
* 6. Automatic gear box
7. Bouncing ball
8. Hysteresis Block
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Getting Started with Dymola

Unnamed [diagram]
FEile Edit Wiew Setup Help

1. Start Dymola
(2 windows appear)

Define model as
composition diagram

=2 @83 ool oA

I
j_l_ (]

simulate here
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Open library windows

Unnamed [diagram] M=l Ed
[XEW Edit “iew Setup Help
= | ol o] ¢ Al =
ADIE
Open... Chrl+0 I N L] < (‘7 A | a"m
Librariez Madelica Standard Library
Demoz ¥ -Electncal zublibrary
Have,.. S - Block zublibran Modelica - packa._. B [=]
Save bz, - Riotational sublibrary Fle Edi
Save all... - Tranzlational sublibrary ==
Save Total .. - Conztants
LClear Al - Mathematical functions Blocks Constants
Frirt.... Ctrl+F -5l unit ypes Library Library
Frint Setup... M odelica Additions Librany ES] Fad
Copy ta Clipboard - Additonal block zublibrary
Export HTHML... - Multibody spsterns Electrical lcons
Export Image. . -1 dirn. heat flow T T
- Table zublibran
check - Petri niets sublibran E @
Tranzlate
Esit Subsget af hydraulicz library hlath Mechanics
Hydraulicz T Lorary
e i =
Sampled D ata Systems
Power traing slunits
Library
Power syztems T
For corverted modelz
- Control blocks
- Electrizal components
- Dirive trains
iy Library window
- Cutg
Modelica
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Drag & Drop modeling

Rotational [Modelica.Mechanice. Ro._ .. [l =]

File Edi
Examples  Interfacez  Sensors Inertia= testmo model [diagram] o[
¥ . . = . File Edt View Setup Help
ibrary Library Library [ ~
= @B HE ~o el |
_— J_—.- Torque Pocelerate
—I —
o= =o -0 =o pI)=o pImimo
IdeaIGeal— _.. tau =T
Ideal Planetary= )
Spring= Oamper= SpringClamper=
Fixed= d= —
Basta Backlazh=Rearing Friction
%%ﬁ=
b= Clute:h Oneiifay Clhatch
GEEFE‘ffICIEI‘lG'!,I'— Gear=
Bmke i -=QII
Modelica-Bibliothek:
Modelica.Mechanics.Rotational I
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Build up model using libraries

Graphical
obj ects

. Create text
icon layer

B rv|m|<:-| o A‘\/ (a3

diagram layer ‘

Graphical attributes

equation layer (color etc.)

documentation layer

complete model in textual form

(read only)
Resiztor Inductar
Famp1 B
[ I - Inertia1=0.002 — Inertia?=20
o =
o L !—I |
f : — . = e
$ =T - =7
| m Ideal Gear1=100
duration={1}
height = 200
Ground1
diagram layer
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Save model Model name (letters, digits, ...)

’0
‘0
*

Drive - class Drive [diagram) i Rename Class |

*

AW Edit “iew Setup Help

Mew name uf‘l:la'ss:

2] x]|

i e f = e

Speichern

g g ==l Drv
Ope... Ctrl+0 A el ﬁ K
Librariez k
Demoz k
_ _ OK Cancel |
Save As... [quel  Inzrtial  springt  Inertia
Save all.. = =
Save Total ..
Clear All
Prirt... Clrl+F
Print Setup...
Copy to Cliphoard Save clazs Dnive az Modelica File
Export HTHL... Speichern in:l £3) Uebungen
E wpart Image. ..
BlockDiagram. mo
Lheck Circuit] . mo
Tranzlate
E it
Save the current class
Dateigarr; IDrive.mD
eeo* " Uateiyp:  [Modslica Files [~ma)

.

.
us®

s

_ Spsictenn |
j &bbrechen |

s
Py
Py
s

s
-"“‘
s

File name (Default: <Model name>.mo )
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Unnamed - clazs dnivel [diagram] M=] 2
Translate model
Mew 4 I | m =
Open... Chrl+0 I‘l.\"))l I:Il Dl CVl A S| " ‘
Libraries k
Demoz 3
Save... Chl+5
Save bs.
Save All...
Save Tatal... Inertial Spring1 Inertia2
- e — e a
Clear Al [N
h t . t 1 t d d 1 Print... Clrl+P
C ange parame Cr 1n transliatcd mode i S
Copy to Clipboard
set initial conditions for states Export HTML...
Export Image. ..
experiment Setup simulate Lheck
Dynwola - Dyniamic Mo7:eling Laboratory with Mod-ca E
. ik
= true - - -
- cd DryuserappstdymolatModelica \Exauples MotorDrive ‘ Translate Modelica class to C and compile.
- tranzlateModel ("Driwve™)
Tran=slation started
DAE with 50 unknown scalars and 50 scalar equations.
4 constants found.
0 parameter bound wvariablez found. _I
31 alias wariables found.
15 remaining time dependent wariahles.
Finished
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Set integration

i Experiment setup | °
—3imulation Interval parameters ln
Start time 0
0 experiment setup
Stop time 1.0
‘\_\
~ Qutput Interval Final simulation time
" Interval length 1]
& Number of intervals 500 < Number of output pOil’ltS
~ Integration
Algorithm IDassI SJ Dassl j
Tolerance 1E-4 Deabm
Lsodel
Fixed Int. Step Size 0 \ Lsode?
ﬂ Lsodar
/ {Doprib i
|Doprid i
0K / Cancel Grkdt :

90dassl
Mexox

Only for integration routines with fixed step size Eﬂ;z
(Euler/Rkf1x2/3/4) Eﬂ:ﬁ
integration routine
Simulieren!
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Plot results

SignalYoltagel [1]

= Wariables -
emfl
[

Plot [17]
File Setup  Help
Elat... —
| v Inductor i
Eraze
Bezcale
Replot
Fieplat &l /
Heading. ..
0.5
1 T T T T T T T T T T
0 1 2
Plot [17] =]
File Setup  Help
Plat... i
After a second simulation the previous e B Inductord i
variable selection can be reused Rescale
W
Heading...
0.5
'1 T T T T T T T T T
] 1 2
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Set Options

FPlot [17] [=]

File  Diagram

Options...

15 I Range... %
Online \Windo. ...
1 |ndependent ' ariable i rlot Window Options |
' —¥ariable selection
0.5 ¥ Automatically rescale plot to fit data
0 y ¥ Erase plot when selecting new wvariables
v Automatically replot after simulation :
0.5
~Appearance
-1+ - - - . . . . . . [T Show variable description
a 1 2 [T Show grid lines
[T Use line styles instead of color
" Relative tic marks
~Online plotting
. [” Enable online plotting in this window
Even better- [T Synchronize simulation with real time
113 9
use “Re-plot all” as default oK Cancel
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Drive - class Drive [diagram]
Edt View Setup Help

Some useful menus of Dymola

Save As ...
Save model under a new name

Save All ...
Save all open models

— Save Total ...

i ’ = EEE L
Open.. Chil+0 Y | [ 1A A= -
Libraries b L
Demos

Sawe..

Save As... Inertial  Spring1  InertiaZ

Save All... Tt ki =

Save Total... <4

Clear &l \

Print... CubeP

Frint Setup... \

Copy ta Cliphoard

T ransla\

E xit

Export HT

[l cdescription of current class b

Save model including all used components
from all libraries in one file

—— Clear All
clear all models in Dymola (re-start)

—~ Copy to Clipboard
store picture of model in windows metafile

Export HTML ...
Generate complete documentation of
the model in HTML-format

Monday, 18-03-2002
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format on clipboard. (for re-use in PowerPoint or
Word)

Export Image ...
Store picture of model in gif format
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Exercise 1: Simple drive train

Goal:

Build model and simulate using only components from available libraries
(useful for complete beginners)

Task:

Model and simulate the following simple drive train
(dc-motor with load and ideal gear-box)

Simulate for 2 s

Try different values for the load inertia (inertia2 = 10 .. 30)

Reszistori Inductori
Famp1 B
B = - Inertia1=0.002 — Inertia2=20
n L R NN
& - = = |
g =7 - =7
m [dealGear1=100
duration={1}
height =200 Components from:
— Modelica.Blocks.Sources
Ground 1 . . .
Modelica.Electrical.Basic
Modelica.Mechanics.Rotational
Monday, 18-03-2002 Exercises for Beginners 13
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Plot [17]
File  Diagram Setup Help

Exercise 1: Result plot

=] E3

15 Inductort i

Inductor!

1

0.5

Monday, 18-03-2002
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Flot [1%] M=l
File Diagram Setup Help
Fampl.y[1] Inertial w

204

200+

196

1 1
0.95 1 1.05
Exercises for Beginners 14 :
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Exercise 2: Futura pendulum

Task:

Model, simulate and animate the futura pendulum example using
the ModelicaAdditions.MultiBody library. Simulate for 5 s

inettialSystem b1 biox2 b3

=l =i

/ s r=10.4.0,0} =01 0.0} r=10,0.-0 43 =01 0.0} r={0.0 0.4}
Inertial system T
(Parts.InertialSystem) Quader

(Parts.BoxBody)

Swivel joint
(Joints.Revolute)

Animation Window [_ O]

File W=l Yiew Setup Help

Bun

Pausze F4
Step F&
Backstep FB
Rewnd F7
Fezet Fa
Hald F3

Animation of
the Simulation Results

Monday, 18-03-2002 Exercises for Beginners
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Plot [17]
File  Diagram Setup Help

Exercise 2: Result plot

=] E3

t1.axis. phi t2. axis. phi

t3.axis. phi

Monday, 18-03-2002
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Plot [17]

File  Diagram Setup Help

IS [=] E3

kOO0

rl.fa[1]

rl.fa[2]

rl.fa[3]

4000 +

2000+

Exercises for Beginners
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Exercise 3: Acceleration of mass

Task:
Model and simulate variant 3 of the accelerated mass example (see Tutorial)

m=2kg

rs ------ N ﬂ m-§=f

create a picture of the model within the diagram layer and
create an HTML-documentation of the complete model

=@ ga =z ~ololea
/ Ellipse/Circle| ey \ _. ______ —

ader
Qu Closed Polygon Palette (/I NN _
G NEENEE

Polygon

Monday, 18-03-2002 Exercises for Beginners 17 s
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Exercise 3: Create HTML-documentation

Drive - clasz Drive [diagram]
File  Edit “iew J

ﬂ tin:nns...

HTHML...

I HTML Options ]|

—Class contents
 Information

W Parameters

[¥ Equations and components
* Diagram images

W lcon images

" Filename

—External references
& Generate online documentation

" Generate HTML for referenced classes
" Generate links to online documentation
" Do not generate external links

—Diagram image size
" Small image [75%]
&+ Mormal image

" Large image [150%]
" Huge image [200%]

1].4 Cancel

Monday, 18-03-2002
B. Bachmann, FH Bielefeld

Drive - class Drive [diagram]

[X=Q Edit
Mew F
Open... Ctrl+0

Wiew Setup Help

I
-

N Ol S| & A

Librariez r
Demoz b
Save.. [Etr|+5
Qe!  Inetial  springt  Ingial
Ty 1=

Save Az,
Save all..
Sawe Total...
Clear &l

Bririt.... Ctrl+P
Frint Setup...

Copy ta Cliphoard

/ Export Image. .

Check
Tranzlate

E xit

Expont HTML description of current class

HTML-documentation is stored within
the local help-directory.
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Exercise 4: Different model variants of a pendulum

Task 1:

Create two different model versions of a robot arm (= Pendulum)
(a) using the component library ModelicaAdditions.MultiBody
(b) writing the equations by hand.

Simulate and check the results of both models!

dp 1

Equation at the center of rotation: |J-¢p=—-m-g-L-cos(p)—d-¢p+7

Monday, 18-03-2002 Exercises for Beginners 19 /
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Exercise 4:a) Pendulum - with ModelicaAdditions.MultiBody

Pendulum1 - model Pendulum1 [diagram]

File Edt ¥ew Setup Help

=@ BB ~oo|¢al o
damper shape_rod
cylindar

_

flange_a

inertialSystem

3

|
revolute={0,0,1}

body

—=i1

rCh={L,0,00

shape_mas=

—

sphere

Pendell - model Pendell [icon]
File Edit Yiew Setup Help

=10 x|

S EIEN =S

name

diagram layer

Monday, 18-03-2002
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Exercise 4:b) Pendulum — equations by hand

Pendel? - model Pendel2 [equation) _ O] x|

File Edit View Setup Help File Edt “iew Setup Help
=@ B H S ~C = m A8 B Aol al ] ‘
package 51 = MHodelica. SIunit=s :I

parameter SI . Length L=1 "Stablasnge";

paramneter 51 Haszs m=5 "MHaz=e de= MHaszs=enpunkt=";

parameter 51 . Damping d=0.1 "Daempfung im Gelenk";
paramneter 51 Acceleration g=9.81 "Grawvitationsbeschleunigu:
SI.Angle phi "Hotationswinkel wom Pendel":

SI . AngqularVelocity w "Winkelgeschwindigkeit wom Pendel";

] ( [

flange_a

equation :I
phi = flange_a.phi:
w = deri{phi):
m*L*L*¥der(w) + d¥*w + m*g*L*¥co=i(phi) = flange_a. tau;

K _'*I_I
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1y

Exercise 4: Comparison of the two models

Compare the simulation results of both pendulum models (angle, etc.)

pendell

|dasuasg abue

1

Monday, 18-03-2002
B. Bachmann, FH Bielefeld

difference

lasuasalbue

pendeld

Flot [1%] M[=] E3

File  Diagram Setup Help

pendell revolute. g pendel2.phi

o 2.4 ]

Exercises for Beginners 22 :
MODELICA



Exercise 4: Simple control system of the robot arm

Task 2:
Build up a simple control system to easily change the angle of

the robot arm:

P-controller drivine forduc
(Gain of the control error) g lq

ramp =N

| torgue
feedback /E\ pendulum
f - tau
k={11

duration={1}

Aozuasabue

target angle: change from 0 to -180 Grad

Monday, 18-03-2002 Exercises for Beginners 23
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Exercise 4: Simple control system of the robot arm

Try different values for the gain of the controller
for example: gain.k =1, 10, 100, 1000, 200

=) Plot [17] =|0] x|
File Djagram Setup Help k = 200
1 ramp.y[1] pendel revalute. g
|:|_
214
27 k=1000
o ANVANYANYEA
e Ry e Ry =1Plot [1] =] B4
-4 . ; ; ; . , : : . File Djagram Setup Help
a 25 g
1 pendel revalute. g ramp.y[1]
|:|_
214
. . ' -2_
Control structure is to simple! N AANAANANA AN
R N Y Y Y Y AV v
4 ; . . . , . . . .
a 25 g
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Moo’EL’ca

B. Bachmann, FH Bielefeld



Exercise 5: 1-dimensional heat flow

Build up a library of components to model 1-dimensional heat flow
(package SI=Modelica.SIunits):

connector HeatCut a connector HeatCut Db
. SI.Temperature T; SI.Temperature T;
flow SI.HeatFLux g; flow SI.HeatFLux g;
end HeatCut a; end HeatCut Db;

model HeatResistance ,only heat transport"
parameter SI.Area A
parameter SI.Length L

HeatResistance parameter SI.ThermalConductivity lambda;
HeatCut a a; HeatCut b b ;
e equation

a.q = lambda*A/L*(a.T - b.T);
0 = a.qg + b.qg;

end HeatResistance

Monday, 18-03-2002 Exercises for Beginners 25
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HeatCapacitance

TemperatureSource ©

Monday, 18-03-2002
B. Bachmann, FH Bielefeld

1
P [ Illw
!

Exercise 5: HeatLib-library

model HeatCapacitance ,only heat storage"

parameter SI.Mass m;

parameter SI.SpecificHeatCapacity c;

parameter SI.Temp C TO "initial Temp.";

HeatCut a a(T(start=TO0-Modelica.Constants.T zero));
equation

a.q = c*m*der (a.T);
end HeatCapacitance;

model TemperatureSource C ,fixed temperature"”
Modelica.Blocks.Interfaces.InPort inPort (n=1);
HeatCut b b;

equation
b.T = inPort.signal[l]- Modelica.Constants.T zero;

end TemperatureSource C;

Exercises for Beginners 26 ,
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> p=7.5 g/em3, A=74 W/mK, ¢=0.45 KJ/KgK

Exercise 5: Modeling problem

A completely isolated rod shall be modeled which has a temperature of 20°
Celsius everywhere. At the left end, suddenly the temperature is raised to a
fixed temperature of 200 Celsius:

L=1m

A=20mm x 20 mm

discretized rod in base elements of your library

sonst L=1/6 L=1/3 L=1/3 L=1/6

Tzource

1 Rz %] R4

k={2007

C1 Cc2 C3

L=1/3 ) L=1/3 L=1/3
Monday, 18-03-2002 Exercises for Beginners 27
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Exercise 5: Modeling with single elements

Task 1: Build up and simulate the rod with single elements (n=3).

canst

k={2007

Tzource

1

C2 C3

F1.surface_aT C1.surface_aT C2 surface_aT

C3.surface_aT

Important: Introduce
reasonable parameters

testheat] - model testheat1 [equation]

Eile Edit “iew Setup Help

-~| | ||E §| | - | <::::-| f:;-/| ﬁg|

paclkage SI
paramnseter
parameter
paramneter
paramnseter
parameter
parameter

Monday, 18-03-2002
B. Bachmann, FH Bielefeld

protected
paramneter
parameter
parameter

5I.
SI.
SI.
5I.
SI.
SI.

Modelica . SIunits;

Length L=1.0 "Length of rod":

Area A=0.0004 "Ares of rod"':

Den=sity rho=7 .5#1000 "Den=sity of rod material";
ThermnalConductivity lambda=74 "Thermal conductiwvity of material”:
SpecificHeatCapacity —=450 "=pec. heat capacity of material”;
Temp_C TO =20 "initial temperature":

Feal n=3 "number of =lements=":

51
=11

.Length Lelem=Lsn "length of a heat capacity element':
Ha=z= mElem=A%*Lelem*rho "ma=s==s of a heat capacity slement”;

Exercises for Beginners 28 Vi
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Exercise 5: Modeling with component arrays

Usage of single elements has the disadvantage, that it 1s inconvenient to
change to a finer discretization.

Better: use component arrays HeatedRod!1
. n=10
Task 2:

Model the rod with component arrays, such that the number n of discretized
elements can be changed with one parameter. Compare simulations for n=3 and
n=10. Simulate for 5e4 s.

HeatedRod s RO R[1] R[2] Rn

Tsourze

n= k=g200}

C[1] C[2] C[3]

Monday, 18-03-2002 Exercises for Beginners 29
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Exercise 5: Result plot

compare n=3 with n=15
rod3 (atn=15
rod3.C[1] und rod15.C[3],

rod3.C[2] und rod15.C[8],

=770

rod3.C[3] und rod15.C[12]
are at the same place).

rod3.C[1].surface_a.T rodd C[2]surface a.T rod3.C[3]surface_a T rodd surface a.T

450+
400+
350+
300+
250 - . - . r . . , .
0 1E4 2E4 3JE4 4E4 S5E4
Monday, 18-03-2002 Exercises for Beginners
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Exercise 6: Simple automatic gearbox

Task 1:

Build up the following model of a simple automatic gearbox and design a
simple control for the clutches C1, C2 and brakes B1, B2, and simulate the gear
shift from the figure at the lower, right part (shift from gear 1 to gear 3). Use the
default value for the friction characteristics for all clutches and brakes.

=
C1 !
._-
Constant torgque engine1=1 ﬁ engine2=0.01 T ! =1 | a =1 | Load=10
1 1 u—"': : J'_én
tau =7 el =1 o | N | T==7
k={1} plafetary 1=100/20 plargetary 2=100420
Gang 4
Gang |C1 |C2 |B1 |B2 3
0 2
1 on on
2 on on 1
3 on on | | | >

Monday, 18-03-2002 Exercises for Beginners 31 0
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Exercise 6: Fixing an appropriate contact pressure
Task 2: Determine an appropriate contact pressure of the Clutch.

Clutch.mode
= 2: clutch 1s not active
= 1: forward sliding

CT mode = (: stuck (no relative motion)
2 = -1: backward sliding
" k=200
" Clutch slips a lot
14
! . . . . (heavy losses and wastage)
C1.mode
2
" k=10000
" ‘ ‘ Clutch does not slip at all
o | | | (jerky changing gears)
0 2 4 ; ;

Monday, 18-03-2002 Exercises for Beginners 32 /
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Exercise 6: Fixing an appropriate contact pressure

C1.mode

k =2000

good compromise

1900 Load.w
800+
400+
-
o 2 4 & 8
Drehzahl von Last
Monday, 18-03-2002 Exercises for Beginners 33 0
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Exercise 7: Bouncing ball

model bouncingBall
g , parameter Real e=0.7;

parameter Real g=9.81;
Real h(start=1l);
h Real wv;
equation
der (h) = v;
der (v) = -g;
when h <= 0 then
Plot Window o [=] ..
Wariablez Diagram Setup relnlt ( Vv / - *pre ( Vv ) ) ;
Lo end when;
1 end bouncingBall;
0.5
D —
-0.54
-1 T T T T T T T T T T T T T T
a 1 2 3
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Exercise 7: Bouncing ball

Task:
(a) Reproduce the simulation result of page 75 (see Tutorial)

(b) Modify the model of the bouncing ball, so that the ball finally stays on the
ground.

Idea: Change the model structure, if the velocity after the impulse is too

small. (= Acceleration of the ball vanishes).
Plot Window =]

Variablez Diagram  Setup

1.2 h

0.5

0.4

=

. . . . , . . . T , . . . .
a 1 2 3
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Exercise 8: Modeling of an Hysteresis

Task:

Build up a Modelica model of the following Hysteresis block. Use the pre-
operator as memory to detect which branch of the characteristic curve has been
calculated in the past.

y u Y

| g

-1

L — — ] — — =]

I
I
I
I
I
i

Test the Hysteresis-block with a sinus-signal u=sin(w*time)

Plot Window Plot Window H=] 3
Yariabler Diagram  Setup Wariables  Diagram  Setup
hysteresis.u hysteresis.y hysteresis. yihysteresis.u)

24 //—\\\ 14

0 \ 0-

p 1

T T T T T T r r : T T T T T T T
0 5 10 -2 -1 a 1 2
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