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Outline

m Getting started with Dymola

m EXercises
— Using the Modelica standard library
o 1. Simpledrivetrain
o 2. Animation of a pendulum
— Writing ssmple models (own eguations)
» 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
e 7.Bouncing ball
» 8. Hysteresis Block
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Getting Started with Dymola
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Open library windows
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Rotational - package Modelica. - |EI|5|
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Build up model using libraries

Graphical
objects Create text

icon layer l /

\;’E ?hnnﬁz ;||JJND@Q?A.£-£T

diagram layer
: equation layer
documentation layer
zoom _ _
ing Graphical attributes
(color etc.)
Rezistori Inductori
Famp1 B
L Inertia1=0.002 = Inertiaz=20
“:l—‘ 1 B 1
- & =EI—I=! — =
f g =T - ]
] A Ideal Geari=100
duration={1}
height = 200
Ground 1
diagram layer
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Model name (letters, digits, ...)

Eile Edit Simulstion Flot Animation Commands Window  Help Marme of new model;
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Save Al
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ASimuIate model

Modeling "y Sirulation
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Exercise 1. Simpledrivetrain

Goal:

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

Task:

Model and ssimulate the following ssmple drive train
(dc-motor with load and ideal gear-box)
Simulatefor 2 s

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

Rezistori Inductori
Famp1 B
= Inertia1=0.0032 — InertiaZ=20
D:l_l 1 _J. | | 1 _J.
- & —m———8= =0
/_ i =7 - ] Rl
| . Ideal Gear1=100
duration={1}
height = 200 Components from:

Gﬁnm Modelica.Blocks.Sources

Modelica.Electrical.Basic
Modelica.M echanics.Rotational
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Flot [17]
File  Diagram Setup  Help

Exercise 1. Result plot
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Plat [17]
Eile Diagram Setup Help

=] E3
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Fampl.y[1]
204
2004
196+
T T T
0.95

1.05
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Exercise 2. Futura pendulum
Task:

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

inertialSystam b1 b2 b3

ﬁa—-{gih}}—lﬁy—-{gihf—,ﬁa—-{gﬁf Control buttons
/ =010} r={0.4.0.0 =11.0.0} ={0.0.0.4 =11.0.0} ={0.0.0.4
Inertial system T /
: Pl AW
(Parts InertialSystem) Quader Ermm—— o
Swivel joint (Parts.BoxBody)
(Joints.Revolute)

Animation of the ssmulation results
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Flot [17]
File  Diagram Setup  Help

Exercise 2. Result plot

=] E3

tl.axis. phi r2. axis. phi

r3.axis. phi
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Plot [17]

File Diagram 5Setup Help

=] E3

kOO0

r1.fa[1]

r1.fal2]

r1.fa[3]
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Exercise 3: Accderation of mass

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

m =2 kg f— BN

r --------- . H m& = f

create a picture of the model within theicon layer and
create an HTM L -documentation of the complete model

22 lEw /;yrOCCARZL D~

S fakd LA

Polygon Quader Paletten

Closed Polygon .
Bitmap
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Exercise 3: Create HT ML -documentation

HTML Options. 7 x|

—LClazs contents

v Parameters

v Equations and components
v Diagram images

¥ |con images

[ Filename

¥ Suntax highlighting

v Link ta types

v Abzolute links alowed

[™ Page-break before class

LY

LY

v Horizontal rule before clazs
v Table of contents in package

—E stemal referenses
f* Generate online documentation

i Generate HTML for referenced classes
i Generate links to onling documentation
i~ Do not generate external links

—Diagram image zize
" Small image [75%)
f* Mormmal image

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

ak. Caricel
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SimpleModel - SimpleModel - [Icon]

| File Edit Simulation Blob  Animation Commands  Window

E e, . g
= [ Open... Ctrl+0
-P-]E Libraries k
Demos g
IE save Chrl4+-5
N\ | Sawe As,.,

Save 4l

E.

=8 0 H w
| ]

Save Log...

Sawe Scripk. ..
Clear Log

Recent Files

Exit

K |
To Clipboard

Image...
Amirmatian, ..

Setup HTML. ..

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 arobot arm (= Pendulum)
(a) using the component library ModelicaAdditions.M ultiBody
(b) writing the equations by hand.

Simulate and check the results of both models!

Equation at the center of rotation: |J [@ = -m[§[L [cos(@) —d [P +1
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Exercise 4:a) Pendulum - with M odelicaAdditions.MultiBody

=10l
=10
damper shape_rod I Ial I Ie
cylinder
inertial=ystem body
Y , -,
e X ]
resvolutes=. . rc M:{L.D .|:|}
ﬂange_a shape_m...
L
sphere
icon layer
diagram layer | |
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Exercise 4:b) Pendulum — equations by hand

Svstem Menu

flange_a

diagram layer

Thursday, 25-09-2003
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= Modelica Text

=10/ %]

model Pendel:z
package 5I =
parameter 51
parameter 5T
parameter 5T
parameter 51,
AT bhngle phi

.Length L=1 "Length":

Damping d=0_1 "Damping at the Jjoint";

Modelica. 8Tunits;
Ma==z m=L5 "Mas=s at the mass point'";

Acceleration g=9.81 "Gravitation acceleration":
"Botation angle of the Pendualum";

AT hnoularVWelocity w "Angle welocity of the pendualum";
=
=

equation

rhi = flange a.phi:

w = deriphi);

n*L*L*der (w) + d%w + m*g*L*cosi(phi) = flange a.tau;
end PendelZ;

Modelicatext layer

Exercises for Beginners 17
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Exercise 4. Comparison of the two models

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

pendell pendel2
(=) Plot [1%] M= E3
File Diagram Setup Help
u u 1 pendell revolute. g pendel2. phi
Sl 77 4 "
-1 -
‘v 2
v = -4 - - - - T - - - -
0 245 ]
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Exercise 4. Simple control system of therobot arm

Task 2
Build up asimple control system to easily change the angle of
the robot arm:

~-controller driving torque
(Gain of the control error) g lq

ramp N

feedback . ;@g pendulurm
f - tau

duration={11 k={1}

Josuasalbue

target angle: change from O to -180 Grad
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Exercise 4. Simple control system of therobot arm

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

= Plot [17] =10] x|
File  Diagram Setup Help k - 200
1 rarnp. y[1] pendel revolute. g
|:|_
14
27 k = 1000
- SN SN SN
S vy sy P =l Plot [1] O] =]
-4 T . . . T ; ; ; . Eile [Diagram Setup Help
a 25 ]
1 pendel. revolute. g rarmp.y[1]
|:|_
14
I = Ll I I -2_
Control structure Isto ssimpleé! . AAAANANANA
E R N Y Y Y Y v,
-4 - - - T T - - - -
a 25 ]
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Exercise5: 1-dimensional heat flow

Build up alibrary of components to model 1-dimensional heat flow

(package Sl =Modelica. Slunits):

connector Heat Cut _a
Sl . Tenperature T,
fl ow SI. Heat FLux q;
end Heat Cut _a;

nodel Heat Resi
par anet er
par anet er
par anmet er
Heat Cut _a

equati on

a. q
0

HeatResistance

| anbda*A/ L*(a. T -
a.q + b.q;

connector HeatCut b
Sl. Tenperature T,
fl ow SI. Heat FLux q;

end Heat Cut _b;

stance ,only heat transport"

Sl. Area A

Sl.Length L

SI . Ther mal Conductivity | anbda;
a, HeatCut b b ;

b.T);

end Heat Resi st ance

Thursday, 25-09-2003
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Exercise5: HeatL ib-library

nodel Heat Capacitance ,only heat storage"
paranmeter Sl.Mass m

— paranmeter Sl. SpecificHeat Capacity c;
paraneter Sl.Tenp C TO "initial Tenp.";

Heat Cut _a a(T(start=TO0-Modelica. Constants. T zero));

HeatCapacitance :
equati on
a.q = c*nrder(a.T);
end Heat Capacit ance;
TemperatureSource_C nodel TenperatureSource C ,fixed tenperature”
| Model i ca. Bl ocks. I nterfaces. | nPort inPort(n=1);
>_:— T W Heat Cut _b b;
~ equati on
. b.T = inPort.signal[1]- Modelica.Constants. T _zero;
—— end Tenper at ureSour ce_C;
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—_— p=7.5g/cm3, A=74 W/mK, ¢=0.45 KJKgK

Exercise 5: Modeling problem

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

L=1m

A=20mm x 20 mm

discretized rod in base elements of your library

canst L=1/6 L=1/3 L=1/3 L=1/6

F:

ry
o
c
g
1

Rz R3 R4

k= {2007

C1 C2 C3
L=1/3 , L=1/3 L=1/3
Thursday, 25-09-2003 Exercises for Beginners 23
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Exercise 5: Modeling with single elements

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

const

Tsource

=200

C1 C2 C3

F1.surface aT C1.surface_a T C2 zurface_aT C3.surface_a T

|mportant: Introduce
reasonable parameters

testheat] - model testheat1 [equation]

400 File Edit “iew Setup Help
-l| | ||E §| | '''''''''''''' | <::::-| {/| ;.g|
3604
paclkage SI = Modelica . SIunits:
7 paramneter 5I.Length L=1.0 "Length of rod";
parameter SI.Area A4=0.0004 "Area of rod";
3204 paraneter 51 . Density rho=7 51000 "Den=sity of rod material”:
paraneter 51 . ThermalConductivity lambda=74 "Thermal conductivity of material”;
] parameter 51 .SpecificHeatCapacity co=450 "=pec. heat capacity of material';
280 paramneter 5I . Temp_C T0O =20 "initial temperature":
' ' ' ' ! ' " |lprotected
0 2.5E4 parameter REeal n=3 "number of element=":

paramneter 51 .Length Lelem=Lsn "length of a heat capacity element”;
paramneter S5I.Mass mnElem=A*lelem*®rho "maszs of a heat capacity element';
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Exercise 5: Modeling with component arrays

Usage of single elements has the disadvantage, that it isinconvenient to
change to afiner discretization.

Better: use component arrays HeatedRod1
T 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 ot - RO R[1] R[2] Rn
- Rl R4 R R4
" |
C[1] C[2] C[3]
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Exercise 6: Simple automatic gear box

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 torque enginel=1 ﬁ engineZ=0.01 :lli- = m =W Load=10

: 1:1 1:1 I-F: : 1:5]

tau =71 e T==7 o | ’F N |
k={1} plaretary 1= 100,20 plarfetary2=100,20

Gear 4
Gear |C1 |c2 |B1 |B2 3
0 2
1 on on
2 on on 1
3 on on | | | >
1 2 3 4 Time
Thursday, 25-09-2003 Exercises for Beginners 26 D/p_,
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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 isnot active

1: forward dliding

0: stuck (no relative motion)
-1: backward dliding

" k=200

C1.mode

Clutch dlipsalot

(heavy losses and wastage)

C1.mode
2
" k=10000
0 .
- ‘ ‘ Clutch does not dlip at all
o | | | (jerky changing gears)
0 2 4 B 8
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Exercise 6: Fixing an appropriate contact pressure

C1.mode

k =2000

good compromise

1900 Load.w

500

400

o 2 4 B @
angular velocity of the load
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Exercise 7. Bouncing ball

nodel bounci ngBal |
g , par anet er Real e=0.7;

paraneter Real g=9. 81,
Real h(start=1);
h Real v;
equat i on
der(h) = v;
der(v) = -g;
- _— when h <= 0 then
=1 Plot Window b . .
Warablez Diagram Setup r el nl t (V, = e* pr e( V) ) ;
Lo end when,
N end bounci ngBal | ;
0.5
E|_
-0.54
-1 T T T T T T T T T T T . T T
0 1 2 3
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Exercise 7. Bouncing ball

Task:
() Reproduce the ssimulation result of page 29.

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

|dea: Change the model structure, if the velocity after the impulse istoo

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

“arablez Diagram  Setup

12 h

0.8+

0.4+

1B

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

Task:

Build up aModelicamodel 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.

-1

I
I
I
I
I
i

a

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

Plot Window O] x| Plot Window =] &3
Yariables  Diagrarn  Setup Yarables  Diagram  Setup
hysteresis.u hysteresis.y hysteresiz. y(hysteresis. u)
24 14
0 \ 0+
24 -1
T T T T T T T T
0 5 10 -2 -1 0 1 2
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