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Getting started with Dymola

1.1

Modeling

Introduction

W Simulation

This chapter will take you through some examples in order to get you started with Dymola.
For detailed information about the program, you are referred to the on-line documentation
and the user’s manuals. The on-line documentation is available in the menu Help >
Documentation. The tool tips and the What's this? features are fast and convenient ways to
access information. Please see section “Help and information” on page 79 for more
information.

Start Dymola. The main Dymola window appears. A Dymola main window operates in one
of the two modes:

e Modeling for finding, browsing and composing models and model components.

e Simulation for making experiments on the model, plotting results, and animating behav-
ior.

Dymola starts in Modeling mode. The active mode is selected by clicking on the tabs in the
bottom right corner of the Dymola window.

The operations, tool buttons available and types of sub-windows appearing depend on the
mode and the user’s choice. Dymola starts with a useful default configuration, but allows
customizing.
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1.2 Simulating a model — industrial robot

This first example will show how to browse an existing model, simulate it, and look at the
results. If you want to learn the basics first, you can skip to a smaller example in the next
section 1.3 “Solving a non-linear differential equation” on page 20.

We will study a model of an industrial robot. To view the industrial robot model, use the
File > Demos menu and select Robot.




Opening a demo exam-
ple.

The robot demo.
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Dymola starts loading the model libraries needed for the robot model and displays it. The
following will be displayed:
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The package browser in the upper left sub-window displays the package hierarchy and it is
now opened up with the robot model selected and highlighted. The model diagram in the
edit window (the sub-window to the right) shows the top-level structure of the model. The
model diagram has an icon for the model of the robot with connected drive lines for the
joints. The reference angles to the drive lines are calculated by a path planning module
giving the fastest kinematic movement under given constraints.
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About to view the me-
chanical structure of
the robot.

The edit window displays by default the model diagram (“diagram layer”) but the user can
select other information (other layers) to be displayed instead, e.g. documentation or
Modelica text. For more information, please see the chapter “Developing a model”.

The component browser in the lower left sub-window also shows the components of the ro-
bot experiment in a tree structured view.

To inspect the robot model, select the icon in the edit window (red handles appear, see
below) and right-click (press the button to the right on the mouse). A menu pops that
contains a selection of actions that can be made for the selected object (a context menu).
From the context menu, select Show Component.
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It is not necessary to select the robot component explicitly by first clicking with the left
button on the mouse on it to access its menu. It is sufficient to just have the cursor on its
icon in the edit window and right-click. The component browser also gives easy access to
the robot component. Just position the cursor over “mechanics” and right-click to get the
context menu for “mechanics”. The component browser provides a tree representation of the
component structure. The edit window showing the diagram layer and the component
browser are synchronized to give a consistent view. When you select a component in the
edit window, it is also highlighted in the component browser and vice versa. The diagram
layer of the edit window gives the component structure of one component, while the




component browser gives a more global view; useful to avoid getting lost in the hierarchical
component structure.

The edit window now displays the mechanical structure consisting of connected joints and
masses. The component browser is opened up to also show the internals of the mechanics
model component.

The mechanical struc-
ture of the robot.
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Double-click on, for example, rl at the bottom of the edit window. This is a revolute joint.
The parameter dialog of that component appears. The parameter dialog can also be accessed
from the right button menu. Double-clicking the left button selects the first alternative from
the right button menu.
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Parameter dialog.

Selectable display unit.

mechanics.r1 in Modelica.Mechanics.MultiBody. Examples. Systems.RobotR3. fullRobot

Apimation || Advanced

Component lcon
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Commest

el

I odel n=

Path Modelica. Mechanics. MultB ody. Jointz Revolute
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Parameters
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n A * 1 Awiz of rotation resolved in frame_a [= same a3 in frame_b)
| nitializatior

phi.gtart |2 » deg Relative rotation angle from frame_a to frame_b

w.zhart iz ¥ r1ad/s  First derivative of angle phi (relative angular velocity)

a.shart |z » rad/s2  Second derivative of angle phi [relative angular acceleration)

’ Infio ] [ Cloze ]

The parameter dialog allows the user to inspect actual parameter values. In demos the
parameter values are write-protected to avoid unintentional changes of the demo example —
then the dialog just has a Close button (and an Info button). When the parameter values can
be changed there is one OK button and one Cancel button to choose between. The values
are dimmed to indicate they are not given at the top-level model, but somewhere down in
the component hierarchy.

A parameter dialog may have several tabs. This dialog has the tabs: General, Animation,
Advanced and Add modifiers. In a tab the parameters can be further structured into groups
as shown. It is easy for a model developer to customize the parameter dialogs. (More
information about customization can be found in the chapter “Developing a model”, section
“Advanced model editing”, sub-section ‘“Parameters, variables and constants”). Graphical
illustrations can be included to show meaning of parameters.

If prepared for, display units can be selected in the dialog. Units that have alternatives are
marked by white background (here phi.start and w.start have selectable display units). By
resting the cursor over such a unit a button is displayed,

Initialization
phistart [ » Relative ratation angle from frame_a to frame_b
wistart [ ¥ rad/s irst derivative of angle phi [relative angular velocity)
agtatt [ »  rad/s i\-'e of angle phi [relative angular acceleration)

and by clicking on that the selection can be made:
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Alternatives of
selectable display unit.

Edit
Edit Text
Copy Defaul
\? Wiew Parameter Settings

Insert Component Reference  #

Insert Function Call

Choices for n.

Initialization
phistart [ ¥ elative rotation angle from frame_a ta frame_b
wistart [ » 959 1ot derivative of angle phi [relative angular velocity]
asgtatt [ ¥ r1ad/s2  Second derivative of angle phi [relative angular acceleration)

Next to each parameter field is a triangle, this gives you a set of choices for editing the pa-

rameters. Edit gives a matrix editor/function call editor; Edit Text gives a larger input
field, etc. An example is that for the first parameter useAxisFlange the command Edit Text
can be used to enter an expression (that should be true in order for the axis flange to be

enabled). If such an expression is entered, the checkbox will be displayed as (=]
Some parameters have a list of choices where you can select values instead of writing them.

One example is the parameter n, which defines the axis of rotation. The value for this
revolute joint is {0, 1, 0}, i.e. the axis of rotation is vertical.

Parameters
uzedisizFlange > = true, if axis flange iz enabled
animation s = true, if animation shall be enabled [zhow axis as cylinder)
n w ¥ Auis of ratation resalved in frame_a (= same as in frame_b]
| ritialization {1 L0 " s
phi.ztart {00100 "y awis" deg Fielative ratation angle from frame_a to frame_b
{001} "z awis" . L ) . .
My radds
v zhart {1.0,0} "enative » axis” First derivative of angle phi [relative angular velocity)
a.start {0,-1,0} "riegative y awis" rad/s2  Second derivative of angle phi [relative angular acceleration)
{001} "regative z awis"

To learn more about the component, select Info. An information browser is opened to show
the documentation of the revolute joint. Links in the document makes it easy to navigate to
e.g. the description of the package containing the revolute joint. Now please close the
browser and press Close in the parameter dialog to leave it.

(If you want to see the documentation without going via the parameter dialog, right-click on
the component in the diagram and select Info.)

Let us now inspect the drive train model. There are several possible ways to get it displayed.
Press the Previous button (the toolbar button with the bold left arrow) once to go to the
robot model and then put the cursor on one of the axis icons and right-click. Please, note that
robot.mechanics also has components axisl, ..., axis6, but those are just connectors. You
must inspect for example robot.axis1 (see figure below).

GETTING STARTED WITH DYMOLA 11



Displaying the fullRobot - Modelica.Mechanics. MultiBody. Examples.Systems.RobotR3. fullRobot - [Diagram] |
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Another convenient way is to use the component browser. Put the cursor on top of the
wanted component in the browser and right-click to get the context menu. Select Show
Component as shown in the figure below. (In this case also care must be taken not to select
any axes of the module mechanics. The component browser has been enlarged in the figure
to illustrate this.) Since Show Component is the first menu option, double-clicking will
yield the same result. Please recall that double-clicking on a component in the edit window
pops up the parameter dialog (compare the two menus in the figure above and below!).
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Whatever method is used, the result will be the following figure in the edit window:

controlBus

axisControlBus3

L -

axisControlBus2

axisControlpus1

The robot drive train in

Axis 1.
i angle=enzor
axiz] angle
e
speedSensor
speed
y
AcCSEnsar

acCelerst

=2

controller

motar flange

SNg[oUaDE e

initializeFlange
angle_ret

speed_ref
cionst

=

The drive train includes a controller. A data bus is used to send measurements and reference

signals to the controller and control signals from the controller to the actuator. The bus for
one axis has the following signals:
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The robot controller in
the robot drive train.

controller

[

S S—

Name Description

motion_ref true, if reference motion is not in rest
angle_ref reference angle of axis flange

angle angle of axis flange

speed_ref reference speed of axis flange

speed speed of axis flange
acceleration_ref reference acceleration of axis flange
acceleration acceleration of axis flange
current_ref reference current of motor

current current of motor

motorAngle angle of motor flange

motorSpeed speed of motor flange

The bus from the path planning module is built as an array having 6 elements of the bus for
an axis.

The figure below is displayed by selecting the controller and showing the components of it.

gain?
k=ratio
gyain [a] add3 Pl
+ —.- / S
k=ratio k=kgp T=T=

axizCartrolBus

(= =
AL

The controller of an axis gets references for the angular position and speed from the path
planning module as well as measurements of the actual values of them. The controller out-
puts a reference for the current of the motor, which drives the gearbox.

The motor model consists of the electromotorical force, three operational amplifiers, resis-
tors, inductors, and sensors for the feedback loop.
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The robot motor. —
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View the component gear in a similar way as for the other components. It shows the gearbox
and the model of friction of the bearings and elasticity of the shafts.

The robot gearbox. - .
flange of joint axis

gear flange of motor axis
bearingFricti : gear
4.:‘ L flange_a eal%fun =prin .0 flange_k
= = S
o=dl

1.2.1 Simulation

Let us simulate the robot model. To enter the Simulation mode, click on the tab Simulation
at the bottom right of the main window. Please note that selecting Simulation mode is not
the same as simulating the robot; it however gives the possibility doing so — the needed
menus are available in this mode.

Modeling W Simulation
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Simulating the demo
(by running a script).

Animated 3D view of
the robot.

The Simulation menu contains commands to setup and run simulations. Shortcut buttons are
also available. However, the demo has also been prepared with a command script that will
simulate the model. The script is executed selecting Commands > Simulate. Please use that
command.

fullRobot - Modelica.Mechanics. MultiBody. Examples. Systen

File Edit Simulation Plot  Animation window  Help

wHQE R ¢eT
Erll HMAdr» T

Yariable Bro

Plok result of axis 3 + animate

Add Command
Qrganize Commands

Warisbles alues

The model is now translated and simulated automatically. The script also contains some
setting of a plot window and an animation window. After maximizing the Dymola main
window it will look the following:

(S fullRobot - Modelica.Mechanics. MultiBody. Examples. Systems.RobotR3. fullRobot

Fle Edi Smulation Plot Animation Commands Window Help
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i
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[rload(3]

Cg
CrefStarTime
[ refSwingTime
[ starténgle
[ sterttingle2
[ sterttingle3
[ sterttingled
[ sterttingle 1
[ sterttingle6
[Jendangle!
[endéngle

PPSEAS

[endéngle3
[endéngled
[endéngleS
[endéngle
[refSpeediar1]

[ClrefSpeedMar2] 1 Animation =1k

LlrefSpeediar]3]
ClrefSpeediar]d] 3
ClrefSpeediax]s] 3
lrefSpeediaxl§] 4
Clrefdcctax1]
Clreficchar?]
Clrefdcchar]3]
Clrefiochara]
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O reficehaxlE]
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kst 0
071 0.05 ¢
Ckp2
Oks2 0
O 0.05 ¢
Ckpa
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O7a 005
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OTsd 005
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< i | 2

Advanced a m

B

aninationfedray(
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Animation toolbar.

Let us start to animate the robot. Start the animation by selecting Animation > Run or
clicking the Run button on the toolbar (the leftmost button)

P AW Timef0 ] SO

This toolbar contains the usual buttons of running, pausing, rewinding, and stepping forward
and backward, respectively. Also the time flow is shown and there is a possibility to set the
speed of the animation (higher figures means higher speed)

Please note that the Animation window can be maximized in the main window in the usual
way.

If the Animation window by mistake is deleted, a new can be displayed using the command
Animation > New Animation Window.

Direct manipulation of the view in the animation window using the mouse has been
implemented. The view can be moved, rotated and zoomed using mouse movements in
combination with Meta keys:

Operation Meta key Mouse move Arrow keys
(dragging)
Set rotation center Alt+Select
on selected
component
Moving none Up/Down/Left/Right Up/Down/Left/Right
up/down/left/right
Tilt (Rotate around | Ctrl Up/Down Up/Down
X-axis)
Pan (Rotate around | Ctrl Left/Right Left/Right
y-axis)
Roll (rotate around Ctrl+Shift Clockwise/Counter- Left/Right
Z-axis) clockwise
Zoom in/out Shift Up/Down Up/Down
Zoom in/out none Wheel
Zoom in/out Ctrl Wheel
Zoom in/out Ctrl Right mouse button
Up/Down

The arrow keys pan and tilt in fixed increments of 5 degrees, in addition page up/page
down tilt 45 degrees. The Home key resets viewing transformation.

Let us now look at the plot window. The plot shows the speed reference and actual speed of
the third joint.

A very convenient way to display the variables for a certain component that is of interest is
to use the diagram layer of the edit window also in Simulation mode. The diagram layer
enables the user to follow a simulation by displaying variables and to control it by setting
parameters. The user can descend into any level of the model in order to plot or display
variables.

GETTING STARTED WITH DYMOLA 17



Push the Diagram layer button in the diagram layer toolbar to show the diagram. The
result might look like:

The diagram layer in S fullRobot - Modelica.Mechanics. MultiBody. Examples. Systems.RobotR3. fullRabot [BEE

Simulation mode.

Fle Edi Smulation Plot Animation Commands Window Help

Al
Vaiiables Values uA
[IfulRobot 1 contralBus. axisControlBs3.speed_ref [radis] cantrolBus axisControlBus3.speed [radis]
Omload kg 05
rlead]l] )
[rload?] )
[rLoad(3] m 00 4
. —
ClrefStarTime s
[refSwingTime 05)s 05 4
[ starttingle 60 de
[ starttingle2 20)de. 0
[ starttingled 90 de. 1
[ starttingled de Diagram
[ starttingleS 110 de 1s ]
[ starttinglef de
[endénglet 60 de.
[endéngle2 70de 20 \/
[endéngle3 35 de -
[endéngled 45 de.
[endéngleS T10)de 25 ! ! !
[endéngle 45de 0 05 10 15
[refSpeediar1] ra —
[ClrefSpeedMar2] 5 Animation (= =
[refSpeediar{3] ra .
[refSpeedHar{4] E 2
[refSpeedMa5] 31 rac AR
[refSpeediar(s] 21 rac e
[reftceMar] 1] rac =
[CretbecMa2] rac &
[refticehar3] ra
refbcehar] ra
[Cretbceharls] ra
[Cretbceharls] ra
Ckpt
kst 05
OTst 0055
Ckp2
Oks2 0
072 0055
Ckpa
Oks3 0
O7s3 0055
Clkp4
ks 0
OTsd 0055
CIkps | T
< i | > 2
— — =
animationBedesu () 3
- true =i
= erue v
< il | >
Modelica, Mecharics.MuliBody Exarples, Systems, RobotR3. Components. xisType 1 ‘ 12 Mackeling ‘ ® Simulation I

Now the diagram layer is visible. You can now navigate exactly the same way as in the

Parameters...

Show Component Modeling mode — right-click on the component you want to look into and select Show
Open Class in New Window Component to look into it. You go back using the Previous button (the leftmost button in
Show Variables

A the toolbar figure to the left).

:?, Change class...

If you want the diagram layer to show more of an overview; e.g. the whole robot, you have
Info _ to go back to Modeling mode and change what is displayed in the Edit window. Then you
Edt annotefion.. can go back to Simulate mode.

When having reached the interesting component, right-click on it and select Show
Variables, which will open and highlight the selected component instance in the variable
browser. In the figure below, the variables of the motor in Axis 1 is displayed in this way.
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Using the diagram
layer to select
variables to be shown.

fullRobot - Modelica.Mechanics. MultiBody. Examples. Systems.RobotR3.fullRobot
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Advanced a m il
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Please note that if the diagram layer window is active, selecting another component in the
variable browser will also change the selection in the diagram layer window.

1.2.2

Other demo examples can be found under the File > Demos menu. After selecting an exam-
ple, it can be simulated by running a corresponding script file as was done for the robot ex-
ample. The exception is the demos in Automotive Demos Library. It contains several
demos, and the relevant demo has to be opened first by expanding the package “Examples”
in the package browser by clicking the + before it, and then double-clicking on the relevant
demo to open it. Please note that to run any of the Automotive Library demos you have to
have a number of licenses for commercial libraries. Please see the description presented
when opening the library for more information.

Other demo examples
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1.3

A pendulum.

The first step to
create a new model.

Solving a non-linear differential equation

This example will show how to define a simple model given by an ordinary differential
equation. We will simulate a planar mathematical pendulum as shown in the figure.

|~

|phi

|
|
mg

The variable m is the mass and L is the distance from the support to the center of mass. Let
us assume the string is inextensible and massless, and further, let us neglect the resistance of
the air and assume the gravitational field to be constant with g as the acceleration of gravity.
The equation of motion for the pendulum is given by the torque balance around the origin as

J*der(w) = -m*g*L*sin(phi)
where J is the moment of inertia with respect to the origin. Assuming a point mass gives
J = m*L"2

The variable w is the angular velocity and der(w) denotes the time derivative of w, i.e., the
angular acceleration. For the angular position we have

der(phi) = w

Start Dymola or if it is already started then give the command File > Clear All in the
Dymola main window.

Click on the tab Modeling at the bottom right. Then select File > New Model.

Dymola - Dynamic Modeling Laboratory - [Diagram]
Edit Simulation Plat  Animation Commands  Window  Help

- mz' 2 - [H]*y
@ Open... 0 Connectar

pa Libraries 3 Record
{ Demos 3 Block
| & save Chrl+S Furiction
I Save As... Package
Save All

Duplicate Class
Save Total... =up

A dialog window opens. Enter Pendulum as the name of the model.
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The dialog to name a
new model component.

The model presented
in the Modelica text
layer.

Create Mew Model

Mame of new model:

|Pendulum

D escription:

[] Partial

Extends [optianal):

Insert in package [optional):

[,

[ o H

Cancel ]

Click OK. You will then have to Accept that you want to add this at the top-level. You
should in general store your models into packages, as will be described later.

A model can be inspected and edited in different views. When specifying a behavior directly
in terms of equations, it is most convenient to work with the model as the Modelica Text;
that is, working in the Modelica text layer of the edit window.

To display this layer, press the Modelica Text toolbar button (the second rightmost tool
button). The edit window can now be used as a text editor.

Pendulum - Pendulum - [Modelica Text]

E File  Edit Commands  Window

EEX
Help - | & X

BHQAS W YOO ARL & Z- f-¢>mQAEE we -

Package Browser [ 4 model Pendulum

Packages

OMndelica Reference
[Modelica
Unnamed

“Pendulum

equation

end Pendulum;

ElLE] €| »

Component Browser (4

Components
“Pendulum

To declare the parameters and the variables, enter as shown the declarations for the parame-
ters m, L and g, which also are given default values. The parameter J is bound in terms of
other parameters. Finally, the time varying variables phi and w are declared. A start value is
given for phi, while w is implicitly given a start value of zero.

model Pendulum
parameter Real m=1;
parameter Real L=1;
parameter Real g=9.81;
parameter Real J=m*L"2;

GETTING STARTED WITH DYMOLA
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Declaration of parame-
ters, variables and
equations.

Real phi(start=0.1);

Real w;
equation

der(phi) = w;

J*der(w) = -m*g*L*sin(phi);
end Pendullum;

New text will be syntax highlighted (color coded) as you type, except types; e.g. Real. To
get also types color coded, right-click and select Highlight Syntax or press Ctrl+L. Apart
from implementing color codes for types, the command will also give a message if the
syntax is not correct. It is a good idea to use the command regularly. The command does
not, however, change the formatting of the text (tabs etc.). Such change is implemented by
selecting the part of the text that should be reformatted, and then right-clicking and selecting
Reformat Selection (or press Ctrl+Shift+L).

The color codes are:

blue keywords

red types, operators etc.

black values, variables, parameters etc.
green comments

If the text seems too small to work with, the text size can be changed using the Edit >
Options... command and temporary changing the Base font size in the Appearance tab. It
is a good idea to set it back afterwards.

Pendulum - Pendulum - [Modelica Text - Editing]
E File  Edit Commands  Window  Help

BHQASEN /OOCARZL & Hn Z- B¢ > mBHEE 0
Package Browser & x model Pendulum
Packages parameter Real m=1;

parameter Beal L=1;

+ OModeIica Reference parameter RBeal g=3.81;

+ [Modelica parameter Real J=m*L*Z;
?"Unnamed Ieal phi{start=0.1);
E"Pendulum Leal w;
equation
der (phi) = w;
J*der(w) = -m*g*L*siniphi);

end Pendulum;

Since the model should be simulated, it should be checked before saved. The check
command performs some symbolic and syntactic checks that will capture a number of errors
that might have been introduced by the user. The check can be made clicking on the Check
icon or by selecting the command Edit > Check or by using the F8 function key. The result
of a check of the above text looks the following:
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Check of model.

| Modeling | “y® Simulation

—

x>

Selecting Setup in the
Simulation menu.

Messages - Dymola :”E' [‘5__('

Synkax Error Translation Dialog Error Simulation ‘ersion Management

Check of Pendulurn:
The model has the same number of unknowns and equations: 2
Check of Pendulum successful,

The model is now ready to be saved. Select File > Save. Call the file pendulum and keep the
file extension to .mo and place it in a working directory.

1.3.1 Simulation

Now it is time to simulate. To enter the simulation mode, click on the tab Simulation at the
bottom right of the main window. The simulation menu is now activated and new tool bar
buttons appear.

To set up the simulation select Simulation > Setup... or click directly on the Experiment
Setup toolbar button.

Pendulum - Pendulum

File Edit BElgWENGN® Plob  Animation  Comnr
| ] Custa
EP | & translate P Time:@
R ] W Simulate -

Wariables Continue  » it | Descriptio

e Stop

Linearize

—
TN
@ Wisualize

Shaowe Lag
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The Simulation Setup
menu.

W

Selecting Simulate in
the Simulation menu.

Experiment Setup

| Tranzlation | Output | Debug | Compiler | Bealtime

E xperiment

Name [Pendulum |

Simulation interval
Start time |D |

Stop time |‘I |

Clutput inkerval
(O Interval length o |

(& Number of intervals 500 |

Integration
Algorithm | Dasel v |
Tolerance |D.DDD‘I |

Fized Integrator Step |D |

[ QK l [ Stare in model ] [ Cancel ]

Set the Stop time to 10 seconds. Click OK.

To run the simulation select Simulation > Simulate or click directly on the Simulate
toolbar button.

Pendulum - Pendulum

File Edit BElgWERN Plot  Animation  Cormm
| Run Scripk... = Custar
Ep Il & translate » Time:[
Varichle Bl Gmuate | X

Wariables Corkinue  » it | Dvescriphior

o

Stop

Linearize

I

Setup...

Cal
-

Wisualize

=

Showe Lag

Dymola first translates and manipulates the model and model equations to a form suitable
for efficient simulation and then runs the simulation. (You may explicitly invoke translation
yourself by selecting Simulation > Translate or click on the Translate toolbar button.)

You will get a warning that the initial conditions are not fully specified. (The warning can
be seen in the Translation tab of the Messages window that will pop.) However, Dymola
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Plotting the angle.

will select default initial conditions, so the simulation will work. We will discuss how to get
rid of the warnings later. For now, you can just close the Messages window.

When the simulation is finished, the variable browser displays variables to plot. To see the
plot better, maximize the plot window in the edit window. Then click in the square box in
front of phi to get the angle plotted as shown below.

Pendulum - Pendulum - [Plot]

7] File Edit Simulation Plot Animation Commands ‘Window Help
wHQS K« e vOon @ 52N OO
I e—
W e »
— phi
‘Wariables Walues Lnit 045
[=IPendulur 1
Cm 1
O 1
Ca 381 010 4
0
¥iphi
[ der(phi]
ST — o
[ derfw)
0.00
-0.05 4
-010+
£ >
015 . T T T T T T T T
Advanced o 2 4 s 3 10
= true -~
M = true 1
simulateModel ( "Pendulum"”, stopTime=10, method="dassl", resultFile="Pendulum"); 3
= true v
B Madeling | W Simulation |

Let us study a swing pendulum with larger amplitude and let it start in almost the top posi-
tion with phi = 3. It is easy to change initial conditions. Just enter 3 in the value box for phi
and click on the Simulate tool button.

You can also change start values and parameters by typing in the commands window; e.g.
type phi=3 (followed by carriage return) for a change of phi.
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Pendulum - Pendulum - [Plot] ‘Z”E'E'
2] File Edit Simulation Plot Animation Commands Window Help [=1[E] X

SHQAS Wi¢ B Heyon ;823K OOH
Pl MM D W et | Speet| 1 ]
=3 x

W ariables Walues Unit

I+ Pendulurm 1

= Pendulum 2 34
Cm 1
s 1
Cg 9.81 2

i 1
[ derfphi) ]
[Cw
[ derfw) B

Pendulum angle when
starting in almost the
top position.

Advanced T T T T T T T T T

x
o
=
g
"
w
| *

W plot(f'phi"});
simulateModel { "Pendulum”, stopTime=10, method="dass1l", resultFile="Pendulum"});

"
o
"
]
H
<

B Modeling | W Simulation |

The results of previous simulations are available as the experiment Pendulum 1 in the
Variable browser. We can open it up and have phi of the two runs plotted in the same
diagram by expanding “Pendulum 1” in the variable browser and check the checkbox for
6‘phi7"

26



Results from two
simulations.

Pendulum - Pendulum - [Plot] E|E|§|
Tl File Edic Simulation Plob Animation  Commands window  Help [=1(E] ]
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phi = 2; A~
P plot({"'phi"});

simulateModel { "Pendulum”, stopTime=10, method="dass1l", resultFile="Pendulum"});

= true A

B Modeling | W Simulation |

Values of parameters are changed in a similar way. To simulate another length of the
pendulum, just enter a new value for L and click on the simulate button.

1.3.2 Improving the model

Using pre-defined physical quantities

The parameters and variables are more than real numbers. They are physical quantities. The
Modelica standard library provides type declarations for many physical quantities. Using
these instead of declaring variables/parameters yourself gives two advantages:

e The declarations will be faster.
e Additional features will automatically be present; e.g. units and limits.

So let us change the model, using ready-made physical quantities. The starting point is the
Pendulum model built previously. (If Dymola is not started, start it and use File > Open to
open Pendulum.mo.)

Press the Modelica Text toolbar button (the second rightmost tool button) to show the
Modelica text layer.

GETTING STARTED WITH DYMOLA 27



Mark the declarations of variables/parameters in the text and delete them. Do not delete the
equation, that one we will keep. The result will be:

Pendulum, - Pendulum - [Modelica Text - Editing]

E File  Edit Commands  Window  Help

5 5 PIrE—

FEHAE N A/ OOCCANL & Th Z- Ba-e9 8@
Package Brawser & X wodel Pendulum

Packages )

: . equation

+ E¥Modelica Referance der (phi) = ws

+ ﬁModelica J*der {w) = -w*g*L*siniphi);

Unnamed end Pendulum;

“Pendulum

Open Modelica.SIunits in the package browser by first expanding the Modelica package by
clicking on the + in front of it and then expanding “Slunits” by clicking on the + in front of
it. Now a number of physical types should be visible.

What is to be done is to redo the declaration part of the model presented on page 21 using
the physical types available in Modelica.SIunits. The mass is the first one to be declared. To
find “Mass” in the package browser, click on the package “Slunits” (to get a good starting
point) and then press m on the keyboard. The first physical type starting with “m” will be
displayed. Pressing m again will find the next physical type starting with “m” and so on.
(Another way to find it fast is by clicking on the header “Packages” of the package browser
that will sort the physical types in alphabetical order.)

Once “Mass” is found, drag it to the component browser. The following menu will pop up:
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Adding a physical type.

Declaring a variable.

Pendulum - Pendulum - [Modelica Text]

E File Edit Simulation  Flot  Animation

Commands — Wwindow

Help — [ & x

-m*g*L¥siniphil ;

L Ok ] [ Cancel

BHASN M/ OOVANL & Hh =
Package Browser & X model Pendulum
Packages ~ .
squation
AttenuationCoefficient der (phil = w;
-PhaseCoefficient = T*der{w) =
- PropagationCoefficient end Pendulum;
Damnping
-Mass
- Density Dymola
RelativeDensity o d class: Modelica.SIunits.M.
 Specicialume ropped class: Modelica.SIunits.Mass
- LinearDensity
SurfaceDensity Actions
- Marnentum
- Impulse Change class of component
Angulartamentum (&) Add companent
- Angularimpulse () Add class parameter
-MomentOfInertia -
Irettia replaceable type mame =
Modelica. STunits. Mass;
oo
=N at5 ‘ ] * Add base class
Component Browser
Compaonents
“Pendulum

The choice to add a component is pre-selected. Click OK. A menu to declare a variable pops

up:

Declare variable

Declaration | Type Prefix || Annotations

Type and name

| - | | Modelica,SIunits, Mass

Descripkion

Modelica: |M0de|\ca.SIunits.Mass,'

L OK ][ Cancel ]

Now we can specify the type prefix (parameter), the name, value and description. (By
keeping the cursor on top of an input field for a while a tooltip text pops up explaining the
field.) Complete the description in the following way:
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Entering a start value.

Declare variable

Declaration | Type Prefix || Annokations

Type and name

|parameter V| |M0de|ica.SIunits.Mass v| |m | [ |:| 1= »

Description

|Mass of pendulum |

Modelica: |parameter Modelica, SIunts,Mass m =1 "Mass of pendulum” ; |

OK ][ Cancel ]

Click OK and the text appearing in the bottom row is inserted into the Modelica text
window.

The other quantities are defined in analogue ways. When coming to the variables “phi” and
“w”, they are variables, not parameters. Nothing should be entered in the type prefix input
field for those.

When completing the form to declare the angle phi, the start value of the angle is defined by
clicking on the small triangle to the right of the value field and selecting Edit. A submenu
pops up. Enter 0.1 for start. The result will look like:

Yariable declaration in Pendulum

General ‘

Model

Path Modelica, SIunits, Angle

Cormment

Parameters

displayUnit | "deg"|>

rnin | |>

ma | |>

start | o1l

fixed | v|>

naminal | |>

skateSelect | v|>

Ok l ’ Infa ] ’ Cancel

Click OK.

The following result is displayed:
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The result.

model PendulunZ
parameter Modelica.  STunits.Mass m=1 "Mass of the pendulum";
parameter Modelica. 5Tunits. Length L=1 "Lenght of the pendulum";
prarameter Modelica. 8Tunits_Acceleration g=3_81 "Grawvity of acceleration";
parameter Modelica 5Tunits MomentOlfInertia J=w*L"E "Moment of inertia";
Modelica. 8Iunits. Angle phi(start=0.1) "Pendulum angle";
Modelica. STunits. AnalarWelocity w "Aneular welocity";

equation
deriphi}] = w;
J*der {w) = -n*g*L¥*siniphi);
2 —

end Pendulum;

The “+” in the margin to the left of the text and the icon almost at the end of the text
indicates the presence of graphical information or annotations. It may be displayed. This can
be done in two ways. Either click on the “+” or on the icon, or right-click to get the context
menu, and then select Expand > Show entire text. Either way, it is revealed that the
annotation is an annotation documenting which version of the Modelica standard library was
used. Dymola uses this information to check if compatible versions of libraries are used and
to support automatic upgrading of models to new versions of libraries. A model developer
can provide conversion scripts that specify how models shall be upgraded automatically to
new versions of a library.

Please note that if changes should be made afterwards, the command Edit > Variables can
be used to select the variable that should be edited.

(Another way of inserting pre-defined physical quantities is to recognize that these are
types. Types can be inserted in the code by right-clicking to pop the context menu and then
selecting Insert Type. The menu that pops enables searching by typing in names. The
advantage is that all types in all open packages are searched. It will be easy to find a known
type even if it located in another package. However, to also get help from the Declare
variable menu as above, the user has to

o Insert the type on an empty line
o Enter a space and the name of the variable
¢ Conclude with a semicolon

o Use Edit > Variables and select the new variable)

Handling of warnings

When simulating, we still get a warning that the initial conditions are not fully specified. By
clicking on the Translation tab in the Messages window and scroll to the top the following
can be seen:
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Messages - Dymaola Egl

Synkax Error | Translation | Dialog Error Simulation Yersion Managemenk

Translation of Pendulurn:

The DAE has 2 scalar unknowns and 2 scalar equations,

‘Warning: The initial conditions are not Fully specified.
Dymola has selected default initial conditions.,
LogDefaultInitialConditions = true; gives more information,

STATISTICS

Criginal Model
Mumber of components: 1
Variables: &
Parameters; 4 (4 scalars)
Unknowns: 2 {2 scalars)

To get more information, select, Simulation > Setup... or click directly on the Experiment
Setup toolbar button, click on the Translation tab and check Log selected default initial
conditions. Simulating yet another time and checking the Translation tab of the Messages
window will yield:

Messages - Dymola

Synkax Error | Translation Dialog Error Simulation Yersion Managemenk

Translation of Pendulurn:
The DAE has 2 scalar unknowns and 2 scalar equations,
‘Warning: The initial conditions For wariables of tvpe Real are nok Fully specified,
Assuniing Fixed skart value For the continuous states:
phifstart = 0.1} B

Assuming Fixed default skart walue for the continuous states:
wisbart = 0)

Warning: The initial conditions are nok Fully specified.
Dymola has selected default initial conditions,
LogDefaultInitialonditions = true; gives more information,

In order to have sufficient number of initial conditions, Dymola look at the possibility to use
variables as states and attribute fixed start values to such states. (For more information,
please see chapter “Introduction to Modelica”, section “Initialization of models” and (more
advanced) the manual “Dymola User Manual Volume 2”7, chapter “Advanced Modelica
support”, section “Means to control the selection of states”.)

Dymola presents in the warnings what variables have been selected as states with fixed start
values.

Dymola assumes fixed start values phi=0.1 and w=0. We have set the start value of phi to
0.1 (above), while the start value of w was implicitly given a start value of zero (default).
However, the attribute fixed is the problem. Fixed=true means that the start value is used to
initialize the model; it must be satisfied during initialization. Fixed=false means that the
value is just a guess-value for a non-linear solver. For variables fixed is default false. Since
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the intention was to use these variable values as initialization values, the best is to explicitly
set the fixed-attribute to true — and also explicitly specify the start value of w to zero. The
resulting code (generating no warnings) will be:

model Penduluw
parameter Modelica. 5Tunits_ Mass wm=1 "Mass of the pendulum";
parameter Modelica. 3Iunits. Length L=1 "Lenght of the penduluam";
parameter Modelica. 5Tunits_ Acceleration g=9_81 "Gravity of acceleration";
parameter Modelica. 8Tunits. MomentOfInertia J=w*L*E "Moment of inertia";
Modelica. BETunits. Angle phi{start=0_1, fixed=true) "Pendulum angle";
Modelica. BTunits. AnoqularWelocity wistart=0, fixed=true) "Anogular welocity";

equation
der (phi) = w;
J*deriw) = -n*g*L*¥siniphi);
=

end Pendulum;

1.4 Using the Modelica Standard Library

In this example, we will show how a model is built up using components from the Modelica
Standard Library. The task is to model a motor drive with an electric DC motor, gearbox,
load, and controller.

Motor drive built with contraller goarhox
standard components. positionerrar mator

P—f_—o—b

T=Ti

peojiyd

=
=

As when building a real system, there are several approaches. One extreme approach is to
build the system from scratch. However, it is often a difficult and time-consuming task. An-
other approach is to investigate if the system already is available on the market or if there is
some product that easily can be adapted or modified. If not, build the system from compo-
nents available when possible and develop only when necessary.

The idea of object oriented modeling is to support easy and flexible reuse of model
knowledge. Modelica has been designed to support reuse of model components as parts in
different models and to support easy adaptation of model components to make them
describe similar physical components. The design of Modelica has also been accompanied
by the development of model libraries.
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Opening the Modelica
Standard Library.

1.4.1 The Modelica Standard Library

We will now have a look at the Modelica Standard Library to see what is available and how
we access the model components and their documentation. To open the library, double-click

on Modelica in the Package browser.

Dymuola - Dynamic Modeling Laboratory - [Diagram]
Window  Help

File  Edit Zommands

EEHQAE W /YO0 ANRZL 2R

g X

Package Browser

Packages
[+ €WModelica Reference

Maodelica <Mot vet opened=

Dymola reads in the library. The Modelica Standard Library is hierarchically structured into

sub-libraries.
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The sub-libraries of

the Modelica Standard

Library.

Dymola - Dynamic Modeling Laboratory - [Diag

File Edit Commands
B EHQAS K YO0 A NS

Package Browser 8 x

Packages

+ @Modelica Reference

= i||"-"|l:u:|E|il:-E|

+ @User's Guide

Blocks

+ CnmplexBIncks

+ StateGraph

Cnnstants
+ Icnns
+ [Jlstunts

-Unnamed |

As shown by the package browser, the Modelica Standard Library includes

e Blocks with continuous and discrete input/output blocks such as transfer functions,

filters, and sources.

e ComplexBlocks provides basic input/output control blocks with complex signals. (This
combination  with  the library
Modelica.Electrical.QuasiStationary in order to build up very fast simulations of

library is  especially useful e.g in

electrical circuits with periodic currents and voltages.)

e StateGraph for modeling of discrete events and reactive systems by heretical state
machines. Please note that a more advanced library is available using the command
File > Libraries > State Graph. For more information about this library, please see

section “Libraries available in the File menu by default” starting on page 78.

o Electrical provides electric and electronic components (for analog, digital, machines and

multi-phase models) such as resistor, diode, DC motor, MOS and BJT transistor.

e Magnetic contains magnetic components to build especially electro-magnetic devices.
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e Mechanics includes one-dimensional and 3-dimensional translational, rotational and
multi-body components such as inertia, gearbox, planetary gear, bearing friction and
clutch.

e Fluid contains components to model 1-dimensional thermo-fluid flow in network of
vessels, pipes, fluid machines, valves and fittings. All media from Modelica.Media can
be used. A unique feature is that the component equations and the media models as well
as pressure loss and heat transfer correlations are decoupled from each other.

e Media includes property models of media.
e Thermal provides models for heat transfer and thermo-fluid pipe flow.

e Math gives access to mathematical functions such as sin, cos and log and operations on
matrices (e.g. norm, solve, eig, exp).

e ComplexMath contains complex mathematical functions (e.g. sin, cos) and functions
operating on complex vectors.

o Utilities contain functions especially for scripting (operating on files, streams, strings
and systems).

e Constants provide constants from mathematics, machine dependent constants and con-
stants from nature.

e lcons provide common graphical layouts (used in the Modelica Standard Library).

e Slunits with about 450 type definitions with units, such as Angle, Voltage, and Inertia
based on ISO 31-1992.

To get documentation for the entire Modelica Standard Library, place the cursor on Modeli-
ca, right-click and select Info. An information browser is directed to an HTML file
containing documentation for Modelica. This documentation has been generated from the
Modelica description of the library. There is basic information such as the content of the
library, conventions and conditions for use.

Dymola comes also with other free model libraries. A list of these libraries is given by the
command File > Libraries.

The package menu gives direct access to the sub-libraries. We will need components from
various sub-libraries. We will need rotational mechanical components as well as electrical
components for the motor.

To open the Modelica.Mechanics, double-click on Mechanics in the Package browser. The

documentation layer of the library will be shown. (If not, click on the H in the upper
toolbar.)
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Opening Modelica.Me-
chanics.

Mechanics - Modelica.Mechanics (Read-Only) - [Documentation]

il File  Edit Commands  ‘Window  Help 5 =
FEHQE R /T OCFANRZL & Z- -4 22HEE 0
Package Erowser & X |Library of 1-dim. and 3-dim. mechanical components {multi-body, rotational, translational)
A
I?ackages Information
= [Medsdica
7€9User's Guide This package contains components ko model the movement of 1-dim, rotational, 1-dim, translational, and 3-

dim. mechanical systems.

+ [ Blocks

Extends from Maodelica.Icons. LibraryZ (Ican for library where additional icon elements shall be added).

+ @StateGraph
+) [ Electrical Package Content
i Magnetic
EI Name Description
Mech:,
@ BEnanics MultiBody Library to model 3-dimensional mechanical systems

|jMu\t|Body

Rotational — |Library to model 1-dimensional, rotational mechanical systems

@Rotational Translational |Library to model 1-dimensional, translational mechanical systems
(& Translational
H i + | | Mame: Mechanics
E3 i "r;l,; Path: Modelica.Mechanics
FEF; ][ a8a ][ ‘ ] * [ S ] Filenarne: C:/Program Files/Dymola 7.3/MadelicafLibraryModelica 3.1/Mechanics
Cormponent Browser g X Versien: 3.1
Cormponents

Modelica,Mechanics
*-MgLibrary? - Modelica,Icons, Library2

| Modeling |]C Sirnulation

To get documentation on Modelica.Mechanics (as previously demonstrated) place the cursor
on Mechanics, right-click and select Info.

Besides using the package browser of the Dymola window, it is also possible to open a li-
brary window that also contains a browser. It can be done in two ways. If the library
window should contain the Mechanics package, select “Mechanics” in the package browser
and right-click to get a menu. Select Open Library Window. If the window should contain
the “top package” in the browser (Modelica in this case), use the toolbar to select Window >
New Library Window. Using the latter, selecting Modelica in the Package browser in the
upper part of the window (and adapting the window) will display the following:
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A library window dis- Librany Window
playing the Modelica Packages

Standard Library. d"a peleee
= Moadelica

1 €BUser's Guide
] Blocks

+ fud] StateGraph
+| [ Electrical

+| gl Magnistic

+| fo] Mechanics

Ik
[
[
[
[
E
[ @Fluid
[
[
[#
[
[
[
[#

+ [Media

+ (]| Thermal

+ [C]Math

+ (]| Utilities

+| (& ]| Constants
+ [F]|lcons

# (]| 5urits

- nnarmed

A~
Libarary Cikrary Cibrary Cibrary Cibrary
Lzers.. f
A | = A e o = | O
UsersGuide Blocks Stakecraph Electrical Magnetic Mechanics Fluid
- - Tibrary - Tibrary Thrary Tibrary
Library Library () Library . ﬁl [ka...
Media Thermal Math Ltilities Constants Icons SIurits
3 I & I ¢ I » I 3

A Library window includes a package browser, where the components of the selected sub-
library are displayed in a part of the window.

By closing the package browser by toggling the button to the bottom left, double-clicking on
the icon for Modelica and adapting the window to the content the following will be
displayed. Please note that now the name of the package will be displayed in the window
title bar.
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A library window dis-
playing the compo-
nents of the Modelica
Standard Library.

The rotational mechan-
ics library window.

Modelica - package Modelica

Users... Eg:l D‘+ﬂ E EI:I f‘\:] Library

UsersGuide Blacks StateGraph Electrical Magnetic Mechanics Fluid
Library Library () Library . 7 k...
Media Thermal IMath Lkilities Constants Icons SIunits
E I B I + I » I 3

By using the right button at the bottom it is possible to go up in the package hierarchy and
by double-clicking on the icons in the window it is possible to go down in the hierarchy.
The left and right arrow buttons allow going back and forth as in an ordinary web browser.

Open Modelica.Mechanics.Rotational in the library window by first double-clicking on the
icon for Mechanics and then on the icon for Rotational. The package Rotational contains
components for rotating elements and gearboxes, which are useful for our modeling of the
electrical motor drive.

Rotational - package Modelica.Mechanics.Rotational [ZI[EI[‘S_?I

LzersG... Librany L—J /—‘ E‘ Library

UszersGuide Examples Components Sources Senzors Interfaces

& I i I < ] » 3

The Info for Modelica.Mechanics.Rotational contains important information on the package
content.

By navigating in the packages/libraries present here (using double-clicking and left arrow)
we will find a number of components that might be of interest to us. As examples, this is
how the libraries Components and Sensors will look like:
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Components - package Modelica.Mechanics.Rotational. Components

The Components

library.
Fixed Inertia Dizc Spring Dramper SpringDamper  ElastoB acklash
-;F -;_ 41— .
AT 25
- [ ] L1 L '_T L '_T |
P @ 87 e
BearingFriction Brake Clutch Orew'ayClutch |dealGear LossyGear |dealPlanetarny
@ 2 I e
vk [} ] @ — .
Gearbox ldealGearR2T  |dealRolingw'heel  InitializeFlange  RelativeStates
= I = I < J » 3
The Sensors library. Sensors - package Modelica.Mechanics.Rotational-Sensors
f i f 3'\'\.-’ f ia
phi_rel we_tel a_rel tau
AngleSensor SpeedSensor AccSenszar ReltnaleSensar RelSpeedSensor ReltccSensor  TorqueSensor
powver
PowerSensor
& I & I € J » 3

A quick scan of the Component library indicates that the model Inertia may be of interest for
us.

Right-click on Inertia for a context menu. Select Info to get documentation for the model.

40



The context menu for
a component.

Mathematical defini-
tion of a rotational in-
ertia.

Components - package Modelica.Mechanics.Rotational. Components : _

~—ro oo

777

T

Open Class in Mew Window

e

W

Edit 3
Fized E @ Check ning Dramper SpringDamper  ElastoBacklash
‘Q Search...
| . m_ i R
| &:3 _ :: _ J :: _ o | |
| Parameters ] '|'_ -_'|' '|'_ -_'|' =
B S T e |
B earingFriction Brake Clutch Orew apClutch IdealGear LogzayGear IdealPlanetary
oS50

@ 2y

Gearbox |dealGeaR2T  IdealRoling'w'heel InitializeFlange  RelativeStates

2 I B I < »

3

To get a model window for Inertia select Open Class in New Window in the same context
menu. A window for the model Inertia is created. Switch to the Modelica Text
representation, where you find Euler’s equation as the last equation.

Inertia - Modelica. Mechanics. Rotational.Components. Inertia (Read-Only) - [Modelica Text]

window  Help - ax

B Fie Edt Commands
P =
BEHAQAE R " OO0 ANL & Z-f-¢9mBAEHE w0 -
Package Browser J X model Inertia "lD-rotational component with inertia"
import 85I = Modelica.3Tunits;
Packages ~ =
= | o -
-|-}:rlnertia | parameter 5I.Inertia Ji{min=0, start=1l) "Moment of inertia";
D parameter StateSelect statelfelect=Statefelect.default
==mlise "Priority to use phi and w as states" g;
- masaSpring SI.Angle phi{statedelect=stateSelect) "ibsolute rotation angle of component”
SI.AngularVelocity wistatefelect=statefelect)
- sFal1amnper L3 . .
"ihsolute angular welocity of component (= deriphil!" a;
-@SprlngDamper 8I.Angulardcceleration a
FlastoBacklash "Absolute angular acceleration of component (= deri{w))" a;
- EﬂBearingFr\ctimn a;
--ﬁ-Brake
- equation
- BB cluch " phi = flange_a.phi;
X i = i
= phi = flange b.phi;
Bl E [« » (& ] w o= der(phil;
a = deriw);
e ERERE = = J*a = flange a.tau + flange b.tau;
Components end Inertia;
EModelica. Mechanics Rotational Component. .

If wanted, it is possible to look at the content with equations rendered with mathematical
notation. Right-click to pop the context menu and select Use mathematical notation. The
result will be:
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Displaying using
mathematical notation.

Inertia - Modelica. Mec hanics. Rotational.Components. Inertia (Read-Only) - [Modelica Text]

EGEES Commands  Window  Help
EHQE R YO0 ARL & BR-4e49BBAEE o
Package Browser & X |model Inertia "10-rotational companent with inertia"
import 51 = Modelica, 51units;
Packages ~ " !
'|g1nertia | patameter S1.Inertia Wmin=0, start=1}"Marment of inertia";
parameter StateSelect skateSelect=3StateSelect, default
- almllise "Priotity to use phi and w as states";
R S1.angle phi{stateSelect=stateSelect) "absolube rotation angle of component”;
pring SI.Aangularvelacity wistateSelect=stateSelect)
- scEallamper "Absolute angular velocity of component (= der(phil)’;
. SI.angularaceeleration a
A5pringDamper "ahsolute anqular acceleration of component (= der{w))";
- diiweElastoBacklash
= flange,.
EﬂBearingFr\ction # Eoa?
- Cokerake ¢ = flange,.p
3 éEgclutch a w = _dw
= df
B & [« » [ %] dw
a = -
Component Browser g X df
Components J-a = flange, 1 +1flange, T
S |Madelica. Mechanics. Rotational. Companert. ..
end Inertia

After this introduction of how to access model components and documentation of a library,

we will continue by actually building a model for an electric DC motor. This task will give
us more experience.

1.4.2 Creating a library for components

It is a good idea to insert developed components into a library. It is a good way to keep track
of components and it supports also the drag and drop feature when you will use the models
as components. Let us collect all developed components in a library called DriveLib. Go to
the Dymola window, and select File > New... > Package. This will pop the dialog:
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Creating a new Modeli-
ca package.

Create New Package

Hame of nev package:

|DriveLib |
Drescription:

[] Partial

Extends [optional):

Inzert in package [optionall:

3
i)

| w

Save contentz of package in one file

I (]9 l [ Cancel l

Enter DriveLib as the new name of the package and click OK, and Accept in the informa-
tion window.

A package DriveLib is created and made visible in the package browser (if scrolled). Select
Modelica text to get the Modelica representation, which at this stage just specifies a package
with no contents.

The layer shown in the package created (Modelica Text layer, Diagram layer etc) depends
on what layer was shown when creating the package. From the result below it is obvious
that the Modelica Text layer was shown when this package was created. The layer shown
can easily be changed by buttons in the toolbar in the upper right of the window.
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DriveLib created.

An electrical DC
motor.

Drivelib - Drivelib - [Modelica Text] %
B File  Edit Commands  Window  Help -89 X

BHASG N/ OOFARL D Z- -+ mSAHZ o0

Package Browser 5 X package Driwvelib

Packages ~

4 g MECRENICS
+1 [JFhid

+ Media

+ Qi thermal
+ [Jmath

+ [ utilties

+ (=] Constants
+ [Slcons

+ [Cstunits

—"|én]i>n:iieub |+
(R (& €] » [ &)

Compaonent Browser g X

end DriveLib;

Compaonents
“PriveLib

1.4.3 Creating a model for an electric DC motor

Ra La

W M Jm flange_k
. i ) - AL C
2]
! etmnf T—T
[m] J=0.0m

L
3

A model of the complexity indicated above will be developed for the electric DC motor. For
simplicity the voltage supply is included in the motor model. The model includes an ideal
controlled voltage source. The electric part of the motor model includes armature resistance
and armature inductance. The electromotive force (emf) transforms electrical energy into ro-
tational mechanical energy. The mechanical part includes the mechanical inertia of the mo-
tor.

Let us start building the motor model. Select in the Dymola window File > New... > Model.
Enter Motor as name of the new model. To have the Motor model being a part of DriveLib,
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Inserting Motor in
DriveLib.

we need to enter DriveLib for Insert in package. This can be done in several ways. Dymola
provides alternatives to be selected from and DriveLib is an available alternative. There are
no other alternative because all other open packages are write protected. It is also possible to
use the drag and drop feature and drag DriveLib into the slot. In the package browser, put
the cursor on DriveLib and press the left mouse button. While keeping it pressed, drag the
cursor to the slot for Insert in package (optional), release the button and the text DriveLib
will appear in the slot. It is also possible to browse for a package where to insert the model,
clicking on the browser symbol to the right.

Create New Model

Marne of new model:

| Makar |

Descripkion:

| |
[] Partial

Extends (optional):

Insert in package {optional);
| DriveLib v[z)

Ok ] ’ Cancel l

Click OK.

The package browser shows that DriveLib has a component Motor as desired. The picture
below shows the model with the diagram layer displayed (compare with the package created
above).

GETTING STARTED WITH DYMOLA 45



An empty Motor
model.

Motor - Drivelib.Motor, - [Diagram] E|[E\rz|
g Fil=  Edit Commands  Window  Help -8 x

FHAES R NVNODOCARL O[] Z- f-¢>mBHEE o -

Package Erowser 5 X

Packages L
+ [ Fluid

+ [[Media

+ [T Thermal

+ [JMath

+ ﬁuti"ties

+ [E]constants

+ [&llicons

E [Cstunits

- Unnarned

= [Jorivelib

“ator =
Rl E €] » [(x]

Component Browser g x

Components
“rivelib. Mokar

The model window now contains an empty Motor model. The edit window has a gray frame
and grid to indicate that the component is not write-protected. It is possible to toggle the
grid using the toolbar button.

Before building the motor model, please note that selecting a package in the package
browser by just clicking on it does not mean that it is the one that is displayed in the edit
window (and component browser). Yes, it is indicated in the package browser by blue (or
red if not saved), but the one displayed stays the same (and is indicated by a blue frame in
the package browser, the name in the window header, the top name in the component
browser and the name in the bottom left in the window). By double-clicking or right-
clicking on the package in the package browser the displayed package is changed, however.

We will now start building the motor model. To make it easier to follow the instructions, the
result is displayed below:
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The finished motor Fa La
model with all compo-
nents.

W M Jm flange_k

L C
|

J=0.001

etmnf

A
4

=
5

We need a model component for a resistor. It can be found in Modelica.Electrical. Ana-
log.Basic. The basic approach is to use drag and drop. You can drag and drop from the
package browser or from a library window.

To drag from package browser, open in turn Modelica, Electrical, Analog and Basic. Note
that title of the Dymola window is still DriveLib.Motor and also the component browser has
DriveLib.Motor as top level to indicate that we are editing the motor model.
About to drag a resis-
tor from the package

Motor, - Drivelib.Motor - [Diagram] E'EWE'

[ Fil= Edit Commands  Window  Help - || & %
browser. SEHQAS W YOOCARL [ 2 W-¢)uBHAES w -
Package Browser [ 4

Packages -

ZtHeatingR.esisto

|Resist0r - Ideal linear electrical resist0r|
- el onduckor | |

(You can also drag from a library window.)

Drag a resistor from Basic to the Motor window and place it as shown above. The compo-
nent browser displays that Motor has a component Resistorl.
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Inserting a resistor
component.

The parameter dialog
of a resistor with de-
fault settings.

Motor - Drivelib.Motor - [Diagram]

[ File Edit Commands  Window  Help
ZHQAE ¥ /YOOCARL 2 [

Package Browser 5 X

-8 x

- B¢ P EBHAB S o -

Packages L

=] [Jgasic
L
+ cround resistar

- i eResistor

- i ZieHeatingResiskor -

seeConductor

When inserting a component it is given an automatically generated name. The name may be
changed in the parameter dialog. (The class name begins with an upper-case character,
component instances begins with a lower-case character.) Double-click on the component,
to get its parameter dialog. The parameter dialog can also be reached by placing the cursor
on the component, right-clicking and selecting Parameters.

resistor, in Drivelib. Motor

General | Add modifiers
Component Icon
Mame | resiskar |
| | Resistar
Zornrment "I:l’u
F=
fodel "
Path Modelica Electrical. Analog. Basic . Resistor
Comment Ideal linear electrical resistor
Parameters
R I:I v Ohm Resistance R_ref at temperature T_ref
T_ref I:I v degC Reference temperature
Temperature coefficient of resistance (R_actual = R_ref*{1 + alpha*(heatPort.T -
alphs ] o VL
useHestPort [ ] 3 =true, if HeatPort is enabled
T I:I v odegC Fixed device temperature if useHeatPort = false
I [o]4 ] [ Info l [ Cancel l

Change the component name to Ra. The parameter dialog allows setting of parameter val-
ues. To set the resistance parameter, R, select the value field of parameter R and input 0.5.
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The parameter dialog
of a resistor with new
settings.

resistor in Drivelib.Motor;

meneral Add modifiers
Component Icon
Mame Ra
Resistar
Comment ._|:|_n
F=
Model "
Path Maodelica Electrical. Analog. Basic. Resistar

Comment Ideal linear electrical resistor

Parameters
R 05 Ohm Resistance R _ref at temperature T_ref
T_ref v deqC Reference temperature
i i = + # -
slpha v Temperature coefficient of resistance (R_actual = R_ref*(1 + alpha*(heatPort. T
T_ref))
useHeatPort [ 4 =true, if HeatPort is enabled
T v deqC Fixed device temperature if useHeatPort = False
Ok l ’ Info ] ’ Cancel

Click OK.

Similarly drag an inductor to the Motor window. Name it La and set the inductance, L, to
0.05.

Drag a ground component into the motor model. Name it G. The ground component is as
important as in real electrical circuits. It defines the electrical potential to be zero at its con-
nection point. As in the real world, never forget to ground an electrical circuit.

Drag an electromotive force, EMF, component into the motor model. Keep the name emf.
(The component is grounded, meaning that the component has a support, where the support
connector is fixed to the ground. Please keep in mind the difference from electrical
grounding.)

A voltage source is to be found in Modelica.Electrical. Analog.Sources. Use a library win-
dow or package browser to locate it. Select SignalVoltage and drag it to the model window
of Motor. Name it Vs. Let Vs be selected and use Edit > Rotate 90 to turn the signal input,
Vs.inPort, from a top position to a left position.

SignalVoltage produces, between its two electrical pins, p and n, a voltage difference, p.v-
n.v, that is equal to the signal input. (This info can be displayed by right-clicking on the icon
and selecting Info.). To get the proper sign we would like to have pin p in the top position.
Since the pin p (“+”) is the filled blue square, we must flip the component. To do that, use
Edit > Flip Vertical.

A rotating inertia component is to be found in Modelica.Mechanics.Rotational.Components.
Drag and drop such an inertia component. Name it Jm and set the inertia parameter, J, to
0.001.
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Now all model components are in place. Components are connected by drawing connections
between connectors. Connect the resistor to the inductor by pointing at the right connector
of the resistor (the small white square), press the left mouse button and keep it pressed while
dragging it to the left connector of the inductor. The resistor and the inductor are now
connected and the graphical result is a line between them. When connecting the voltage
source and the resistor, break the line by clicking at an intermediate point. There is a
possibility to obtain automatic Manhattanize of connections (non-endpoints of the
connections are moved to make all line segments horizontal or vertical). Select the
connection, right-click and select Edit > Manhattanize. Draw all connections. Note that we
could have drawn a connection between two components as soon as we have the
components and we have not to wait until all model components are in place. The points of
the connectors can be moved, and new points can be inserted using the context menu of the
connector.

Finally, we have to introduce a signal connector for the voltage control and a flange connec-
tor corresponding to the shaft of the motor so the motor can be connected to an environment.
We would like to place the icon of the connectors at the border of the grid of the drawing
pane, because the icon of a model component also includes the connectors. The connector
inPort must be compatible with the connector of Vs.inPort. There is a simple way to get a
connector inPort that is a clone of Vs.inPort. Start drawing a connection from Vs.inPort and
go to the left until you reach the border of the grid. Then you double-click and select Create
Connector from the menu popped up. The connector flange b is created in a similar way. If
you would like to adjust the position of a connector it is easy to get into connect mode. This
can be avoided by toggling the toolbar button Toggle Connect Mode (when the background
is white it is in connect mode).

Click on Icon toolbar button to look at the icon layer. You will see the icons for the
connectors. Let us draw an icon for the motor model. One design is shown below. (The
thicker line to the right symbolizes the physical axis from the motor. It is a good idea to
select that line and use the context menu Order > Send to Back to prevent any case where
the axis seems to be lying outside the motor.)
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The icon of the electri-
cal DC motor.

Toolbar for editing.

name

To draw it, we will use the toolbar for editing graphics.

NOOY ARL -y -

Start by drawing the big red cylinder (shaded rectangle); Click the Rectangle button
(yellow rectangle) and draw a rectangle. Let it be selected. Click on the arrow to the right of
the Fill style button. Select Colors... and then select a red color. Click OK. To select the
gradient, click once again on the arrow to the right of the Fill style button. Select Gradient >
Horizontal. Draw the rest of the parts using Rectangle or Polygon in an analogous way. To
enter the text, click the Text button (the button labeled A) and lay out a rectangle that is as
long as the cylinder and one grid squares high. In the window prompt for the string
enter %name and click OK. The % sign has the magic function that when the model is used,
the actual component name will be displayed.

1.4.4 Documenting the model

We have now edited the icon and the diagram. It is also important to document the model.
When creating the model, the dialog has a slot Description. It is possible to edit this after-
wards. Select Edit > Attributes... to open the dialog.
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Model attributes.

Documentation View.

hange attributes for Motor

General | Graphics

Yersion

Drescription

|A bazic model of an electrical mator

Resticted class
() Class
(%) Model
() Cannhectar
() Record

Propertiez
[] Encapsulated
[] Partial
[] Pratected
[] Replaceable

Drpnamic typing
(%) Mormal
) Inner
() Outer

Store as one file

() Black
(") Function

() Package
(") Expandable connectar

[ 0K I ’ Cancel

Enter a description and click OK.

A longer documentation can be provided in the following way. Click on the toolbar button
for Documentation (the button between the Diagram button and the Modelica Text button).

Motor - Drivelib.Motor - [Documentation]

EY Fil=  Edit

Package Erowser

BHA&E R Y OOFANZL D

g X

Commands  Window  Help

- ¢ mBAEE o -

A basic model of an electical motor

Packages
e l_ul"ldl.l 1

-

Connectors

Type Name

Description

input Reallnout [+

Voltage between pin p and n (= p.v - n.v) as input signal

Flange b flange_b1 |Right flange of shaft

Mame: Matar

Path: Drivelib.Motar
Fileniame:

Uses:Modelica {version="3.1")

To enter a description, put the cursor in the window. Right-click and select Show > Info
editor. You now have access to a documentation editor for the model/class with text-editing
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Documentation editor.

The corresponding
html source code.

possibilities as well as link creation and image insertion. After insertion of some text, an
image and a link the result can look like:

Motor - Drivelib.Motor - [Documentation] |Z||E‘rz|
Iy Fil=  Edit Commands  ‘Window  Help -9 %
EEHAS N /OO ARL D [F Z- -+ »mQAEE o -

Package Browser 8 X | Text style: Mormal - b i e Wl e=

Packages || This is a simple motor madel,

L

This documentation can certainly be extended using e.g. links and images of this editor, Animage of the
toolbar abave illustrates the image possiblility:

([
il
)
|

Text style:  Marmal - bh i u

For more information about this editor, please see chapter "Developing a model" in this manual,

E| [orivelib More information about Dymola in general is found in wew, Dvmola,com,

gl‘ﬂotor | -

iyl Fil=  Edi Commands  ‘Window  Help - 8 x
EEHEQ&E W /YO0 ANL & 5~ %‘Q#IE=1DD%-
Package Erowser § X |<html:
Felemes v <p>This is a simple motor model. <fp>
9 —||<p>This documentation can certainly be extended using e.g. <b>links<jfb> and

e [RET]

<brimages<fb> of this editor.<b> </b>An image of the toolbar abowe
illustrates the image possiblility:<fp>

<pi<img sro—'"modelica://DriveLib/Images/toolbar png" f:><fp>

<prFor more information abhout thisz editor, please see chapter
LOUOT ;Developing a nodel&OUOT: in this manual.</fp>

<prMore information about Dymola in general is found in <a
href="http: § fommr. Dymola. com" v Dymola. cons fas. < fp

< fhtml >

By right-clicking and selecting Show > Formatted documentation the result will be
shown:
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The final result.

Checking the model.

Motor, - Drivelib.Motor, - [Documentation]

il File  Edit Commands  ‘Window  Help 5

FHQRAE N N/ OOCARL & Z % ¢duSAEE o -
Package Erowser B X |A basic model of an electrical motor
Packages -~

;B man —|| Information

This is a simple motor model,

This dacumentation can certainly be extended using e.g. links and images of this editor. An image of the
toolbar above illustrates the image possiblilicy:

E =l =le=

Text style:  Marmal -'b i

For more information about this editor, please see chapter "Developing a model" in this manual.

More information about Dymola in general is Found in v, Dymola.conm,

+ [ L3 ]Eunnecturs

Compaonent Browser g X —
Type Name Description
.Components input Reallnput [+v1 ‘olkage between pin p and n (= p.v - n.v) as input signal
Liby, Mok
Eprwe Ll Flange b flange_b1 |Right flange of shaft
Mame: Matar

Path: Drivelib, Motar
Filenarne: E:/Experiment/DriveLib.mao
Uses:Modelica {version="3.1"

- lflange_b1l
The link can now be clicked; by hovering on it the URL is shown in the status bar of
Dymola main window (bottom of window; not shown in figure above).

The revision information can be edited in a similar way using Show > Revisions editor.

We have now created the model. Save it.

1.4.5 Testing the model

It is possible to check the model for syntactic semantic and structural errors. Select Edit >
Check. Hopefully your model will pass the check and you will get the following message:

Messages - Dymola

Syntax Error | Translation | Dialag Errar Simulation \ersion Management

Check of Drivelib, Motor:
The model has the same number of unknowns and equations: 4&
Check of DriveLib, Motor successful,

The connector inPort defines the voltage reference, and should be defined for the complete
model, but is viewed as a known input to the model.

It is important to test all models carefully, because that eliminates tedious debugging later
on. Let us connect the motor to a voltage source. Create a model called TestMotor and insert
it into DriveLib. The easiest way is to use the command File > New... > Model. It is good
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practice to keep testing models. Drag a Motor component from the package browser into the
diagram layer of TestMotor. We need a source for the signal input to the motor. Signal
sources are to be found in Modelica.Blocks.Sources.

Signal sources.

Sources - package Modelica.Blocks.Sources

FealExpression  IntegerExpression BooleanE=pression Clock Constant Step Famp
Sine ExpSine Exponentials Pulze SawTooth Trapezoid KinematicPTP
q
Lt B |E o 11
...
...
KinematicPTP2 TimeT able CombiTimeTable BooleanConstant  BooleanStep BooleanPulze  SampleTrigger
By — O
BooleanTable  IntegerConstant IntegerStep
B I E I < I » I 3

Drag, for example, over Step to the model window and connect it to the motor.

step
motar
startTime=0
ol Now it is time to simulate. Click on the tab for Simulation. This will change the mode from
¥ Simulation Modeling mode to Simulation mode. To simulate the model click on the toolbar button
v Simulate. (Please note the difference.)

Some warnings will be presented. Please see next section on how to get rid of them.
However, they are warnings, so the simulation will work anyway.

To inspect the result, we will first look at the angular position of the motor,

motor.flange b.phi. Open motor in the variable browser by clicking on the + sign. Open the
flange b and tick phi.
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Angular position.

X

W

4

TestMotor, - Drivelib. TestMotor - [Plot [1*]]

7] File Edit Simulation Plot Animation Commands Window Help =& %]
sHQE K¢z EReOE @EFaRK EH
P Il M Ay P TimeD I Speed| 1 v
'h-"-ari-ah\eEl sser X
mator flange_b1 phi
Wariables Walues Unit &0
=ITestMator 1
[=Imator
#Ra a0 4
e
[#lemf
EYs
m 404
#La
O v
[=flangs_b1 a0 4
W] phi rad i
[Ctau M.m =
[#step 20 4
104
o
< *
— -0 T T T T T T T T T T T T T T T T T T T
0.00 025 0.50 075 1.00

= trus v
i simulatelodel ("DriveLib_TestMotor" method="dassl"  resultFile='"TestMotor");
= true o

Modeling | % Simulation

First, we may establish that a positive input signal makes angular position increase. The plot
looks almost like a straight line. However, there are some wriggles in the beginning. Zoom
in; use the mouse to stretch a rectangle over that portion of the curve you would like to see.
We may also plot the angular velocity motor.Jm.w; there is an oscillation which dies out and
the velocity becomes constant. There is much to be done to validate the model. However,
model validation is out of the scope for this introduction to Dymola.

It is possible to show several curves in the same diagram. Simply tick the variables to be
plotted. A curve is erased by ticking once more. The toolbar button Erase Curves (white
rectangle) erases all curves in the active diagram. It is also possible to have several
diagrams. To get a new diagram, select Plot > New Diagram or click on the toolbar button.
The new diagram becomes active. Tick motor.Jm.w and the result shown below are
obtained. Selecting a diagram makes it active. (Selecting Plot > Delete Diagram removes
the diagram.)

Please note the usefulness of the Recent Windows button when working e.g. with a number
of plot windows. Clicking the button will toggle between the two last shown sub-windows.

Clicking the arrow on the button displays a menu with all sub-windows available (plot,
animation, diagram layer, visualizer). The menu alternatives for e.g. plot windows are based
on the plot heading (if specified) or the names of the plotted variables.

Selecting a window from this menu will bring it to the top.
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Angular velocity.

TestMotor - Drivelib. TestMotor, - [Plot [1*]]

[7] File Edit Smulation Plot Animation Commands Window Help =S <)
iwHQE WNie@[0: FEe O @i EaR O
IR T ——
X wotor fk b1 phi
e T | mator flange_b1 phi
Variables Yalues Linit &0
[=ITestMator 1
[=Imatar 40
#Ra
L] _
[ emf E 20
Vs
=Hm o4
#iflange_a
[#flange_b 20
E T — T T T — T T T — T T T — T
Eih\ mu oot :;gdmz 000 025 0.a0 07 1.00
[] der(phi) radss
R E—T | ——meieran
O rad/s
Oa rad/s: ]
#Hla
[ W — 1
Eflange_bl E4
[phi rad 2 ]
[Ctau N.m
[+ step i
< | >
T — T T T — T T T — T T T — T
ey 000 025 0.50 075 1.00

= true
W simulateModel ("Drivelib. TestMotor" method="dassl", resultFile="TestMotor"): =

= true

B Modeing ‘xsimulation ‘

1.4.6 Handling the warnings

When simulating the TestMotor, warnings can be seen by looking at the Translation tab of
the Messages window. To get more information, select Simulation > Setup... or click
directly on the Experiment Setup toolbar button, click on the Translation tab and check
Log selected default initial conditions. Simulating yet another time and looking the
Translation tab of the Messages window will yield
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Messages - Dymola

Synkax Error Translation Dialog Error Simulation Yersion Management

Translation of Drivelib, TestMobor:
The DAE has 50 scalar unknowns and 50 scalar equations,
Warning: The initial conditions For wariables of bvpe Real are not fully specified,
Assuming fixed defaulk skart walue For the conkinuous states:
miokor, Jm, phidstart = 0%
miokor, Jm wlstark = 0%
miokor La.iistart = 0}

Warning: The initial conditions are nok Fully specified,
Dymola has selected defaulk initial conditions.
LogDefaultInitialConditions = true; gives more information,

STATISTICS

Criginal Model
Mumber of components: 11
Variables: 64
Parameters: 14 {14 scalars)
Unknowwns: 50 {50 scalars)
Differentiated variables: 4 scalars
Equations: 44
Montrivial : 33
Translated Model
Conskants: 3 scalars
Free parameters; 10 scalars
Pararmeter depending: 2 scalars
Zonkinuous kme skates: 3 scalars
Time-varving variables: 11 scalars
Alias variables: 32 scalars
Assumed default initial conditions: 3
Mumber of mixed realjdiscrete systems of equations: 0
Sizes of linear systems of equations: { }
Sizes after manipulation of the linear svskems: { }
Sizes of nonlinear systems of equations: § }
Sizes after manipulation of the nonlinear syskems: §
Murnber of numerical Jacobians: 0

‘Warning: The Following parameters don't have any value, only a start value:
makor.erf k{start = 1)

Finished
WARNING: 3 warnings were issued
Finished

Two types of warnings are present for this example; a warning that initial conditions are not
fully specified (at the top of the tab) and a warning that a parameter does not have any value,
only a start value (at the bottom of the tab).

The first type of warning has been described previously, see section “Handling of warnings”
on page 31. The difference here is that we can use the graphical user interface to set the
variables to fixed; we do not have to enter code.

Looking at the warnings, they all have to do with components inside the Motor model. By
double-clicking on the Motor in the package browser we return to this model.
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The two first warnings in this part have to do with the inertia Jm. Double-clicking on this
component brings up the parameter dialog for it, and in the Initialization section phi and w
are found. By clicking on the little square in front of each of these variables, a menu pops
where we can select fixed=true. The final result will be:

Jm in Drivelib. Motor

General | Advanced Add modifiers
Cornponent Tcon
Mame |Jm |
Inertia
1y
Comment | | - =
=7
IModel =
Path Madelica, Mechanics, Rotational .Compaonents, Inertia
Comment 10-rotational component with inertia
Parameters
3 | 0.001[v kg.mz  Moment of inertia
Initialization
phi.start [ l:l v odeg Absolute rotation angle of compaonent
wstart W l:l b oradfs Absolute angular velocity of component (= der{phi})
astart [ l:l v radfsz  Absolute angular acceleration of component (= der{w))
[ [a]4 l [ Info ] ’ Cancel

Click OK to confirm the changes.

The last variable of the upper warning section is located in the inductance component La.
Double-clicking on this component will however not display any Initialization section. But
since the variable is known, we can click on the tab Add modifiers and enter the text
i (Fixed=true) and press OK.
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La in Drivelib.Motor

General Add modifiers |

Add new modifiers here, e.g. phi{stark=1}, wistark=2}
|i(Fixed=true)

Cox J oo ) [ o ]

When having clicked OK, the General tab will change to present the new initialization
information. Double-clicking again on the inductance component will result in:

La in Drivelib. Motor,

Component Icon

Marne |La| |

Inductor

Zomment | | g
Model L=

Path Modelica.Electrical. Analog.Basic. Inductar

Comment Ideal linear electrical induckar
Parameters

L | 005 H  Inductance
Initialization

i.skart v I:I' A Current Flowing From pin p ko pin n

[ Ok l ’ Info ] ’ Cancel ]

If simulated again, the upper warnings in the Translation tab will not be present any more.

The lower warning states that the parameter motor.emf.k(start=1) only has a start value
(start=1) but no value.




The warning implies that this parameter value is generic and that it ought to be set by the
user. (More about such warnings can be read in chapter “Developing a model”, section
“Advanced model editing”, sub-section Parameters, variables and constants”.)

The way to handle this is to double-click on the emf component and set the value of k to 1.

emf in Drivelib.Motor

General add modifiers
Component Tcan
Mare emf

Zamment ;g?
Madel E.

Path Modelica Electrical. Analog. Basic . EMF

Camment Electromotaric Force {electric/mechanic transformer)

Parameters

usesupport [ ¥ = true, if support flange enabled, otherwise implicitly grounded
k 1|+ Manfa  Transformation coefficient
K ] ’ Info l ’ Cancel

Click OK to confirm the change.

When simulating again, no warnings will be given.

1.4.7 Creating a model for the motor drive

The task was to build a model for a motor drive and it ought now to be a simple task to com-
plete the model. We will just give a few hints. Note that the full names of the components
are given in the component browser at the lower left.

Give the model the name MotorDrive — we will refer to that name later on. Put it in
DriveLib.

To generate the position error, you may use the model component Modelica.Blocks.-
Math.Feedback. For the controller, there is Modelica.Blocks.Continuous.PID.

In this simple example we can select the component Modelica.Mechanics. -
Rotational.Components.IdealGear as gearbox. For the meaning of ratio for the gearbox
model please consult Info for the model. Set ratio to 3 as indicated. It means that the motor
load rotates 3 times slower than the DC motor. The library Modelica.Mechanics. -
Rotational.Sensors contains a sensor for angles.

Inserting a load was dealt with when building the motor model.

GETTING STARTED WITH DYMOLA 61



The completed motor
drive.

FEX
BEL

MotorDrive - Drivelib.MotorDrive - [Diagram]

B File Edit Simulation Flob Animation Commands  Window  Help

BHQAES R A/ OOCARZL-D-Hh Z- -4 #SHEE w0 v

Packages ~
] 2 s apn
[T Thermal
[ Uiftes:
Unnamed
g [ DriveLit
~ggetotor

Testhatar

contralier gEarhny
motar [ load

postion... 1
—WTH_ L L
o
- . [ i L =3 —
TidTi J=1a

Components

=[DrivelibMotarDiive
positioneror
controller
rnotar
phiload
load
gearbox

peojyd

Drivelib,MatorDrive | Model\ng | @ Simulation

To test the model MotorDrive for normal operation, we need to define a reference for the
position. This can be done in different ways. A simple approach is to add a signal source di-
rectly to MotorDrive. However, we may like to use MotorDrive also for other purposes. If
we would like to use the drive as a component we could add a connector for the reference as
we did for the electric DC motor model. However, here we will take the opportunity to show
another useful way, namely use of extends. We will develop a new class, say Motor-
DriveTest, which extends MotorDrive. Select MotorDrive in the package browser and select
Edit > Extend From... in the context menu. This gives the same dialog as File > New... >
Model, but with several fields filled out. (It extends from MotorDrive and is inserted in the
same package, DriveLib.) Enter MotorDriveTest as the name of the model. Click OK. The
result is a model window, where the diagram layer looks exactly like that of MotorDrive.
However, the components cannot be edited. Try to move or delete a component. It has no
effect. Drag over a component Step from Modelica.Blocks.Sources and connect it. Save the
model.

A model can be used for different tasks. One is tuning the controller manually. Click on the
tab for Simulation. Translate the model MotorDriveTest by clicking on the Translate
button. (Also delete one of the plot windows and delete the previous curve.) The PID
controller has four parameters: k, Ti, Td and Nd.

(There will be some warnings when translating. We will take care of those later.)
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Tuning the controller.

One way to tune a PID-controller is by first disabling the integrator and derivative parts.
This is achieved by setting a large value for Ti and a small value for Td. Set k=2, Ti=1000,
and Td=0.001 and simulate for 5 seconds. (Use Simulation > Setup... to change the stop
time.) As can be observed, the step response is very slow. Increase k to find out what
happens. Make sure to also investigate the magnitude of the control signal, controller.y. The
result will be:

MotorDriveTest - Drivelib.MotorDriveTest - [Plot]

T File Edit Simulation Plot  Animation  Commands  Window  Help [ r=]
wHQe Ri¢R: [[Bevodn @:F=2K HH
Pl HHMAD W T Speed| 1 v
\ariable 1 X hilaad phi o
Wariahles Walues Lirit # priveee i
[# positionerar
=contraller
[Cu rad 1a
[y %
[k 2
[7i 1000 |2
[ITd 0.007 |=
CINd 0 089
[JinitTupe
[ wi_start 0 |rad
[Jwd_start 0 |rad
[Cy_start [ 06 |
=P
=l =
2} £
[ Gain
madd 044
[#mator
[# gearbox
[#lnad
= philaad 02
[Hflange
[ phi rad
S step
[T height rad
¥ rad 00
mi Mrart ¥
< ¥
Advanced ] a ' 1' ' 2' ' 3' ' i ' 5
phiload.phi in MotorDriveTest. mat Mndehng | “W* simulation ‘

The interested reader may next proceed to tune the controller parameters to obtain a nice
step response. For example, aim at a rise time around 0.4 seconds, a settling time around 1
second, maximum overshoot of 10 percent, and a maximum control signal magnitude of 100.
Enforce the last constraint by adding a Modelica.Blocks.Nonlinear.Limiter component
between the controller and the motor in the MotorDrive model. Set uMax=100 and uMin=
-100 for the limiter. (We will not show this component in the code.) The result might be
something like:
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Tuning result.

MotorDriveTest - Drivelib.MotorDriveTest - [Plot [1*]] EI[E‘E|

]:]File Edit  Simulation Plob  Animation Commands  Window Help (=& (]
wHQS RieB: [[He O @ F=2K OLH
bl AP Timelo J Speed| 1 v
I : — phiload phi step.y
Wariables Values Uit 12
b otarDriveTest 1 H
EMotorDriveTest 2 i
[+ pozitioneror
[ contraller 10
[#mator :
[# gearbox
#load
[= phiload
[#flange 05
[ phi rad
[ lirmiter
[Sstep
[ height 1 |rad 06
bely 1ad T
[ offzet 0 |rad =
[ start Time: 0|z
044
024
00—
< >
T T T T T T T T T
Advanced 0 ] ] : . ;
BiModeling | y* Simulation

Handling the warnings

There will be some warnings when translating. The principal handling of these warning has
been dealt with previously. The only thing that ought to be mentioned here is that in order to
make the variable controller.D.x(start=controller_D.x_start) fixed, you have
to double click on the MotorDrive, then select the controller, right-click and select Show
component. Now you can double-click on the D component to see the parameter dialog,
and since no x is available you have to select the Add modifier tab, enter x(Fixed=true)
and press OK.

The rest of the warnings can be handled like described in a previous section.

1.4.8 Parameter expressions

Modelica supports parameter propagation and parameter expressions, which means that a
parameter can be expressed in terms of others. Assume that the load is a homogeneous cyl-
inder rotating long its axis and we would to have its mass, m, and radius, r, as primary pa-
rameters on the top level. The inertia is

J=0.5*m=* "2

We need to declare m and r in MotorDrive. Open MotorDrive. Activate the Modelica Text
representation; press the Modelica Text toolbar button (the second rightmost tool button).
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Declaration of
parameter r.

Parameter declara-
tions added to motor
drive.

The parameters and variables are more than real numbers. They are physical quantities. The
Modelica standard library provides type declarations for many physical quantities. Select
Open Modelica.Slunits by clicking on it in the package browser (note, do not open it;
MotorDrive should still be open). For the parameter r, which is a radius, it is natural to
declare it as being of type Radius. To find it enter r and the browser goes to the first
component starting with r/R. If it is not the desired one, press r once again and so on to find
it.

When you have found Radius, drag it to the component browser below. The choice to add a
component is pre-selected. Click OK. A menu to declare a variable pops up. Complete the
declaration (do not forget to change to a parameter):

Declare variable

Dieclaration | Type Prefix Annotations

Type and name

[ —

|parameter V| |Modelica.51units.Radius v| |r

Drescripkion

| Radius of load| |

Modelica: |parameter Modelica. 5Iunits. Radius r =0.5 "Radius of load” ; |

I [a]4 l ’ Cancel ]

Click OK and the text appearing in the bottom row is inserted into the Modelica text win-
dow. The parameter m (being 80 kg if the resulting inertia should be the same as previously)
is defined in an analogue way.

MotorDrive - Drivelib. MotorDrive - [Modelica Text]

E File  Edit Commands  Window  Help - 8 %
BEHAS R /Y OOCARL 2 Ff 2 B-«>»agHEE o -

Package Erowser 5 X model MotorDrive

Packages -~

=}
— | &
W avenumber =
parameter Modelica. STunits. Radius r=0_5 "Radius of load";

- Circularwavelumber K K
) ) paramneter Modelica. STunits. Mass m=80 "Mass of load";
- implitudeLevelDifference .
equation

-PowerLevelDifference .
- DiampingCoefficient

- LogarithmicDecrement
- AttenuationCoefficient
-PhaseCoefficient

- PropagationCaoefficient
- Damping

~Mass ¥

EIlE |« » [ ]

end MotorDriwve;

In Modelica Text representation above, the components and connections are indicated by
“+” in the margin to the left of the text, and icons in the text. It is possible have them
expanded textually in two ways.

One way is to work with individual annotation. It is possible to click on the “+” or the
corresponding icon to expand that annotation but no other. If “sub-annotations” are present,

GETTING STARTED WITH DYMOLA 65



Expanded text
representation.

new “+” and icons will be visible, which in turn can be expanded. (Of course they can also
be compressed using “-“.)

The other way is to work with all annotations at the same time. If that is wanted, right-click
and select Expand > Show components and connect. It is also possible to expand the
annotations such as the graphics for the icon of the model, the positions and sizes of the
icons of the components, the path of the connections etc. This is done by right-clicking and
selecting Expand > Show entire text. However, we refrain from showing it in this
document.

Below the Modelica text as a result of first selecting select Expand > Show components
and connect and then the annotation for Motor has been individually expanded by clicking
on a corresponding “+” in the margin (which means that now a “-* is shown, indicating the
possibility to compress that annotation individually).

MotorDrive - Drivelib.MotorDrive - [Modelica Text]

B Fie Edit Commands  Window  Help -8 x
= =
FEHQAS R /OO0y ARZL & Z- B-epmAEHZE o
Package Browser [ 4 model MotorDrive
Packages A . . . .
W avelNUTDer Modelica.Mechanics. Rotational. Components. IdealGear gearbox{ratio=3)
-~ CircularaveNumber g8 . . X
" " Modelica Mechanics. Botational. Sensors.Anglefensor phiload 3;
~AmplitudeLevelDifference
" L evelDifF Motor motor @;
owerlevellilTerence Modelica.Mechanics. Rotational. Components.Inertia load(J=10)
~DampingCoefficient )
e a;
“LagarithmicDecrement Modelica.Elocks.Math.Feedback positionerror
~AttenuationCoefficient a;
~PhaseCoefficient Hodelica.Elocks. Continuous. PID controller (D (x{fixed=true)})
~PropagationCoefficient a;
~Damping a;
Mass v parameter Modelica.SIunits.Radius r=0.5 "Radius of load";
T parameter Modelica. 8Iunits.Mass w=80 "Mass of load";
FE'E:. ][ H8a ][ ‘ ] * [ .S ] equation
= A
Component Browser 8 x connect (positionerror.v, controller_u) 3;
connect imotor. flange_bl, gearbox. flange_al) a;
Compaonents connect {gearbox. flange_b, load. flange_a) =;
= DriveLib.MotorDrive connect (load. flange b, phiload. flange) 3;
+lgearbox connect iphiload. phi, positionerror.uZ) 3;
5 connect (controller v, motor.vl) @;
end MotorDriwve;
+ positionerror
+ controller

Ok, now activate the diagram representation. Double-click on the load icon to open the
parameter dialog.
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Binding a parameter to

an expression.

load in Drivelib.MotorDriveTest

General | Advanced | Add modifiers
Cormponent lzon
M ame |Ioad |
Inertia
Comment | | L
L= =]
—
todel TJTT
Path Modelica.Mechanics. R otational Componentz. Inertia
Comment 1D-rotational component with inertia
Parameters
J | OEmT 2 kam2  Moment of inenia
Iniitizlization
phi.start [ | |> deg Absalute rotation angle of component
wostatt [ | |> rad’s  Absolute angular velocity of component (= derlphi))
astat [ | |> rad/s2  Absolute angular acceleration of component [= der(w))
[ oK ] [ Info ] [ Cancel ]

Click in the value field of J and enter the expression for J. Click OK. The model window
now displays the expression for the load inertia. When entering the expression, you are
sometimes not sure about the exact name of the variables names, for example is the radius
called r, 10 or r1? The problem is even more pronounced when you would like to reference a
variable a bit down in the component hierarchy. Dymola can assist you. First you enter 0.5*
and then you click on the small triangle to the right of the value field. Select Insert
Component Reference and then m.
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Using Component Ipad in DriveLib.MotorDrive

Reference to enter a General | Advanced Add modifiers
formula. Component Icon
Mame ||oad |
Inertia
Camment | | é_ép
=1
Model J=
Path Modelica.Mechanics, Rotational, Components, Inertia
Comment 1D-rotational component with inertia
Parareters
1 | 0. Edit
TInitializatian Edit Text
Copy Default
phi.start [ vodeg Absolute rotation ang
? View Parameter Settings
wstart [ v radfs Absolute angular velo g ;
ropagate
astart [ l:|> radfs2  Absolute angular aco
final
[ [o]'4 | Insert Component Reference gearbox 3
3?, Insert Function Call phiload L4
maokor 3
load 3

positionerror b ——

| Mod

controller 4

r

You have now 0.5*m in the value field for J. Enter *. Use the menus to get a reference to r.

Complete the expression with the square. Click OK. The model window now displays the
expression for the load inertia.

The component’s pa-

controller h
. ere . gearbox
rameter definition is positionerrar motor load "
visible in the model. L
—o————@—
_ —
— * 1“
e uJ=0 52
=
=
2
=
=

Open MotorDriveTest and switch to Simulation mode.

by o Translate.
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A bound parameter
cannot be changed in-
teractively.

= Trues

true

Cornmnanc

MotorDriveTest - Drivelib. MotorDrive Test

File: Simulation  Plot  Animation  Commare

EEHGS W 4«48 E
P[4 44 4l I» M Tive: 0

Variable Browser q ox

Yariables Yalues ik
+MotorDriveTest 1
=MokorDriveTast 2
+gearbox
+phiload
+mator
+load
+Hpositionerrar
+cantraller
“r 0.5 |m
“m a0 |kg

+step

The parameters r and m can be set interactively between simulation runs, but not the
parameter load.J because it is no longer a free parameter; an expression is now binding it to
rand m.

1.4.9

The command window can be used to document the simulation. Text (also headers), images
and links can be inserted and edited using the tools that are available in the toolbar in the top
of the command window.

Documenting the simulation

Plot results can also be automatically be inserted in the command log by entering the
following in the command input line at the bottom of the command window:

Advanced.ScriptingWindow. IncludePlot=true

Followed by Enter, in the command input line (see figure below).

Advanced. Scriptinglindow. IncludePlot=true

Modeling | W Simulation

This is by the way a typical example of setting a flag; using flags is not unusual in Dymola.

Now the content in the command log pane can be edited to document the simulation in a
good way. Commands given and output results will be automatically be included (including
plots).

An example of documenting better values of the PID controller could be:
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An example of
documenting
simulation.

MotorDriveTest - Drivelib. MotorDrive Test

4

File Simulation  Plot  Animation  Commands  Window  Help
=EEHAS N €3 w0 Bevol a XK OHE £-
P Il AP Tne o j Speed: 1 -
Variable Browser g X & Plot [27] ] e’
y‘ariables Values Unil #* — phiload phi stepy
+IMotorDriveTest 1 12

= MakorDriveTest 2 ’ f\
gearbox 10

frphiload
+imokor 0&4
Hload
+ positionerrar 06
: =
&
rad = na4
Yoo
> 0.2+
Advanced ] w
X | Text style: Heading 1 - IE i u % = l
=
- - - -~
Selecting better values than the original ones for the PID
controller.k = 15;
controller.Ti = 1000;
controller. Td = 0.4;
simulateModel "DriveLib.MotorDriveTest", stopTime=5, method="dassl", resultFile="MotorDriveTest"):
= true
{ideselecting and selecting step.y and then clicking on the command input line to force a plot to be
included in the command log pane))
plot ({ "phiload phi", "step.y"});
—— phiload phi step.y
12
0.5+
_ 0+
=
&
N
0.2+
0.0
- -0z T T T T T T T T T
E 00 25 50
E Hote! The overshoot is now to big, but that is because the limiter component is not yet included! b
=1
L.

Modeling | W Simulation

Some comments:

This example is just a minor example of what can be done. More about using the
command log pane to document simulations can be read in chapter “Simulating a model”
in the manual. Note that math rendering of equations etc. is supported, including
indexing and Greek letters.

The command log pane is enlarged; the command window can also be undocked instead
using the Undock button.
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The header, the lines with double brackets and the last line is entered by the user; the rest
is automatically output from the system, if the user has given a simulation command and
a plot command.

A plot is not included unless some change has been made and the plot is considered
finalized (e.g. by giving another command). To force the system to include a plot
anyway, deselect/select a variable plotted in the variable browser and click in the
command input line. Then the system recognize “a change” + “a finalize” and inputs the
plot.

The content of an animation window can also be included using another flag

Sections of the command log pane can of course be copied to e.g. Microsoft Word for
further work.

The content of the command log pane can be saved as a command log in Dymola, in
various formats (and including various contents).

1.4.10 Scripting

Scripting makes it possible to store actions, for various reasons. Examples might be:

The script can be used to run a demo.
The script can be used for testing of e.g. different parameter sets.

The script can be used as an action that can be included in other models.

The first item can be solved creating a script file; while the last one is best solved creating a
function that can be included in other models.

Creating functions is not treated here, please see chapter “Simulating a model” in the
manual for more about scripting, in particular using functions.

If the simple example here should be saved as a script file, the easiest way is to do the
following (assuming that the models have been saved):

1.

N kLD

Go to Modeling mode, clear everything using the command File > Clear All.
Clear the content of the command log pane using the command File > Clear Log.
Reopen the DriveLib package using File > Recent Files.

Open MotorDriveTest, and simulate it.

Set wanted values of controller. Simulate again.

Force a plot command like in previous section.

Save the command log using File > Save Log.... Select saving it as a *.mos file by
selecting that alternative in the Save as type input field. Give it a name, e.g. MyScript.

The saved script can be opened (and edited) using a text editor, ¢.g. Microsoft Notepad.
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B MyScript.mos - Notepard

File Edit Format View Help
I/ script generated by Dymola Tue oct 27 12:06:16 2009

simulatemodel("DriveLib.MotororiveTest", stopTime=3, method="dass1", resultFile="MotororiveTest");
controller.k = 15;

controller.Ti 1000;

controller.Td 0.4;

simulatemodelC"DriveLib.MotororiveTest"”, stopTime=5, method="dass1", resultFile="MotororiveTest");
plot({"phiload.phi", "step.y"1J;

Note the difference between the saved log and the content in the command log pane. By
saving as a .mos file only executable commands are saved.

To run the script, you have to be in Simulation mode. The command Simulation > Run
Script... (or corresponding command button) can be used to open (execute) the script.

Some comments:

o This script file is very simple, just showing the idea of a script file rather than being a
good example.

e Realizing how saving a script file works, it is not necessary to start all over to create the
file, the total simulation can be saved, and afterwards the script file can be edited to keep
only the wanted parts of the simulation. However, it is important to test it if created that
way.

e More information about script files is available in the chapter “Simulating a model” in
the manual for more information.

e Working with scripting using functions is even smarter, for more information please see
the manual.

1.5 Building a mechanical model

We will now develop a more complex model, a 3D mechanical model of a pendulum called
a Furuta pendulum. It has an arm rotating in a horizontal plane with a single or double
pendulum attached to it, see below.

72



The Furuta pendulum.

The Parts sub-package
library window.

Start Dymola. Open Modelica Standard Library. In the package Mechanics open the sub-
package MultiBody. This package includes 3D mechanical components such as joints and
bodies, which can be used to build a model of the Furuta pendulum.

To build the Furuta pendulum, you will need to use the Parts and Joints sub-packages. If you
open them in library windows by right-clicking on them in the package browser and using
the command Open Library Window (and adapting the window) they will look the
following:

Parts - package Modelica.Mechanics.MultiBody.Parts |Z||E|rz|

) b 2 -

§—n — o) P @ N

Fixed FixedTranslation  FixedRotation Baody BodyShape BodyBox Bady Cylinder

.;-

o & o et =0
tzé_zo = 2

PointMass Mounting 10 RotoriD BevelGeariD Rolingwheel  RollingwheslSet

e I B I ¢ I » I 3
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Joints - package Modelica. Mechanics. MultiBody. Joints

=

The Joints sub-
package library
window.

14

rismnatic Revalutes RevalutePlanarla. .. Cylindrical Universal Planar

] .;-

] _NTR_
G noed ik O
Spherical FreeMation  SphericalSpherical UniversalSpherical GearConstraint  RolingWheel

Library

Libirary

RallingWheslSet

Assemblies

Internal

[ &

I

o I < J »

Select File > New... > Model and give the name Furuta.

The first step in building a MBS (MultiBody System) model is to define an inertial system.
Drag the component World from the package browser (Multibody package) into the Furuta
edit window. The default parameters need not be changed. (The gravity of acceleration is set
to 9.81 and pointing in the negative direction of the y axis).

We then need a revolute joint. Drag the model Joints.Revolute onto the Furuta window. You
can either drag from the package browser or the library window. Select Edit > Rotate 90.
This just changes the appearance of the icon. Double-click on the icon.

Change the name to R1. The axis of rotation is set as the parameter n. We would like to have
a vertical axis of rotation; use the list of choices and select “y axis”. Click OK. Connect the
connector of world to the bottom connector of the revolute joint.
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revolute in Unnamed

General | Animation | Advanced | Add modifiers

Component lcon
Mame R1 Fesvelits
Commest
el
Fodel

Path Modelica. Mechanics. MultB ody. Jointz Revolute
Comment Revolute joint (1 rotational degree-of-freedom, 2 potential states, optional axis flangs)

Parameters

usedwisFlange [ » = brue, if axis flange iz enabled

animnation Rl = true, if animation shall be enabled [show awis az cylinder)

n b * Axis of rotation resalved in frame_a [= same as in frame_b)
| nitializatior .00 " axis

phi.start {0.1,0} 5 deg Relative rotation angle from frame_a to frame_b

w._gtart . . radts  First derivative of angle phi [relative angular velacit

{-1.0.0} "negative « anis" El gl d 2
a.shart 1010} "negative v axis" rad/s2  Second derivative of angle phi [relative angular acceleration]

10,01} "negative z axis”

[ ok J[ me || canca |

A bar is then connected to the revolute joint. There is one bar which has the visual appear-
ance of a box during animation, called BodyBox in the Parts library. Drag over a compo-
nent. Double-click on the icon. Name it B1. We would like the bar to be 0.5 long and
initially horizontal and pointing in the positive x direction. This is specified by setting the
vector r between the two ends of the body to {0.5, 0, 0}. Click on the Edit icon just to the
right of the value field of r and a vector editor pops up. Enter 0.5 in the first field, O in the
following two fields (you must specify the values since no default values are shown,
otherwise you later will get an error message). Click OK. The width and height will be 0.1
by default.

To get nicer animation, you can set different colors for the bars. For example, use the list of
choices of color to make the bar red.

From the bar B1, we connect another revolute joint, R2, having a horizontal axis of rotation,
n={1, 0, 0} and a BodyBox, B2, (rotated -90), with r={0, -0.5, 0} and a different color than
the first bar.

When simulating, the start values of R2 are interesting. Looking at the parameter dialog for
R2 the initial value of the angle (phi.start), the initial velocity (w.start) and the relative
angular acceleration (a.start) can be specified in the dialog. The idea is of course to specify
values when simulating, but we have to specify what type of start values we want to use.
This is done by clicking on the box after each start value. The choices are:
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Choices for start
values.

The diagram of the Fu-
ruta pendulum.

W Simulation

)

Fixed
True: stark-value is used Lo initialize
False: skart-value is only a guess-value
v Inherited: (False: start-value is only a guess-value)

Actually we don’t need to change anything, Dymola will itself take care of this, but we will
have warnings when translating. In order to avoid these warnings, phi.start and w.start
should be set to fixed=true using the menu above for all joints.

To get a double pendulum, create another similar joint and another BodyBox and connect
them. This is accomplished easily by selecting the two components already present and
choosing Edit > Duplicate. (The selection of the start value type for phi.start can be
removed from R3 if wanted.)

You should now have arrived at a model that is similar to the following.

B1

r={0.5.0,0

R1

|

10,10}
d

=l

world
Y ry R3
i (1,00}

{0's0-"ok=1
cd

Now it is time to simulate. To enter the Simulation mode, click on the tab at the bottom
right. The simulation menu is now activated and new tool bar buttons appear.

When building 3D mechanical models, it is possible to get visual feedback to check that the
mechanical system is put together as intended. Click on the toolbar button Visualize. The
animation window shows the initial configuration of the system.
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Initial configuration of >
system. ‘

Translate the model. In the variable browser, open R2 by clicking on the + in front of it and
enter a value for phi_start, say 1 rad, and simulate for 5 seconds (use the command
Simulation > Setup... to change the stop time). View the pendulum in the animation
window; you may want to adjust the perspective when working with the robot (please see
section “Simulation” on page 15 for tools used). It will be nicer to present it by e.g. moving
it to the following position:

Initial configuration of N
system rotated around i
y axis.

Z._I

(The representation of the revolute joints as cylinders can be changed using the parameter
animation; if that is set to false the joint cylinders are not shown.)

Change parameters and study the different behavior.
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Try to control the pendulum in such a way as to get a stable upright position. (A trick is to
use a “mechanical PD controller”, i.e. a spring and damper attached to the tip of the second
bar and to a high position.)

1.6

Libraries available
when no optional
library is installed.

Other libraries

1.6.1 Libraries available in the File menu by
default

Using the command File > Libraries in a Dymola program with no extra libraries installed
will at present display the following:

Dymuola - Dynamic Modeling Laboratory - [Diagram]

File | Edit Commands  Window
T
g | e brAmL 2 B
pa & Cpen... Chrl+o g x
Pa| Libraries L4 | Modelica Reference

Dermos 4 Modelica Skandard Library

Maodel Management

Sawe As... Dresign

Save all Plat 3D

Save Total... Modelica_LinearSystemsz
Yersion L4 Modelica_statearaphz
Clear &l vehicleInterfaces

Modelica Reference is the documentation of classes, operators etc from the Modelica
Language Specification. There are no components that can be dragged from this library to
the edit window, it is purely documentation. This library is free.

Modelica Standard Library has been dealt with earlier in this chapter. This library is free.

Model Management deals with version management, model dependencies, encryption,
model and library checking (including regression testing of libraries), model comparison
and model structure. It can not be used free, it demands a license. For more information,
please see the manual “Dymola User Manual Volume 2”, chapter “Model Management”.

Design deals with four main areas:

e Model calibration makes it possible to calibrate and assess models. The Model
Calibration option is required for problems with more than one tuner. For more
information, please see the manual “Dymola User Manual Volume 27, chapter “Model
calibration”.

e Model experimentation gives the user possibility to vary parameters of the system to
get an intuitive knowledge of the behavior of the model. Monte Carlo analysis is
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included. This part of the library is free. For more information, please see the manual
“Dymola User Manual Volume 2”, chapter “Model Experimentation”.

e Design optimization is used to determine improved values of model parameters by
multi-criteria optimization based on simulation runs. The Optimization option is required
if used on more complex models. For more information, please see the manual “Dymola
User Manual Volume 2”, chapter “Design optimization”.

e Model validation supports validation and regression testing of a specified model. The
idea is to compare the simulation result against reference data to check if for example
changes in model libraries change the result. The reference data is assumed to be stored
as trajectory files, which is the data format used by Dymola to store simulation results.
When developing a model it is very natural and recommended to provide it with
carefully checked reference simulation results. Please also compare the library “Model
Management” where model validation and regression testing is supported on a larger
scale.

Plot 3D is used to visualize models in 3D. This library is free.

Modelica_LinearSystems?2 is a free library from Modelica Association providing different
representations of linear, time invariant differential and difference equation systems, as well
as typical operations on these system descriptions. See the documentation inside the package
for details.

Modelica_StateGraph?2 is a free library from Modelica Association providing components
to model discrete event, reactive and hybrid systems in a convenient way with deterministic
hierarchical state diagrams. It can be used in combination with any Modelica model. It has
larger power than the package StateGraph in the Modelica Standard Library. See the
documentation inside the library for details.

Vehiclelnterfaces is a free library providing standard interface definitions for automotive
subsystems and vehicle models to promote compatibility between the various automotive
libraries. See the documentation inside the library for details.

1.6.2 Libraries that can be added

There are a number of libraries available, both free and commercial ones. For an overview
of them, please see http://www.modelica.org/libraries.

1.7

Help and information

1.7.1 Reaching compressed information

The What’s This? command/button etc

The What's This? command is used to display information about many things. The
command is activated in three different ways depending on where is should be used.
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In the Main Dymola window

Dymuola - Dynamic Modeling
File Edit Simulation FPlob  Animat

wHQE N:ivmE
acka ] er k
Packages

If more information should be obtained for e.g. a button or a symbol in the Dymola main
window, the easiest way is to click on the What's This? button and then click on the symbol
that is of interest. (The Help menu can also be used to activate this function.)

Please note that this button does not work in the Edit window.

In any dialog

Dymola

In any dialog the What's This? is reachable using the ? in the upper corner of the window.
Click on the ? and then on the field of interest. Please note that sometimes the information
concerns (only) exactly what has been clicked on, sometimes the information concerns a
group of signals etc.

In any menu
When displaying any menu, help for a certain entry is available by resting the cursor on it
and then pressing Shift+F1.

Tooltips

By resting the cursor on any component or button a tooltip text is shown. For buttons it will
be the name of the button, for components it will be the name of the component + the path
to it.

The Search command/button

The search functionality can be reached either using the command File > Search or clicking
the Search button. See chapter “Developing a model”, section “Editor command reference -
Modeling mode”, sub-section “Main window: File menu”, command “File > Search” for
more information.
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1.7.2 Reaching more extensive information

The Info command/button

If any component is selected in the Edit window or in the package or component browser,
right-clicking will take up a context menu where the command Info is available. Inside a
dialog a button Info is available instead.

The Help menu

The Help menu can be used to display manuals and to go to the Dymola website. The help
menu also contains the license handling. The help menu is described in chapter “Developing
a model”, section “Editor command reference - Modeling mode”, sub-section ‘“Main
window: Help menu”.

The Search command/button
The search functionality can be reached either using the command File > Search or clicking
the Search button. For reference, please see the corresponding section above.

The documentation layer of Edit window

This layer can be used to display more extensive information about packages and
components. Please see chapter “Developing a model”, section “Basic Model editing”, sub-
section “Documentation” for more information. This type of documentation can also be
exported to HTML files etc.

Books etc

Manuals are available for Dymola and a number of libraries used, as well as for the
Modelica language.
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2 Index

A

animation, 17
animation window, 16
moving view, 17
pan view, 17
roll view, 17
rotate view, 17
scroll view, 17
set rotation center, 17
tilt view, 17
zooming, 17

B

bound parameter, 64
browser
component, 8

C

class

documentation, 51
extend, 62

component

browser, 8

library, 42

reference, 67
context menu, §
creating a model, 44

D

DC motor, 33
declarations, 21
der(...) operator, 20
diagram layer, 17
documentation
editor. See editor - documentation
manuals, 81
of class, 51
of model, 51
of simulation, 69

E

edit
documentation (of class), 52
documentation (of simulation), 69
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editor
documentation (of class), 52
documentation (of simulation), 69
examples
DC motor, 33
Furuta pendulum, 72
pendulum, 20
experiment setup, 23
extend, 62

F

fixed attribute of start value, 32

flag, 69
Furuta pendulum, 72

H
highlight syntax, 22

info button, 11

L
library, 42

M

manhattanize, 50
model
documentation, 51
Modelica Standard Library, 33, 34
Modelica text layer
text size, 22
moving
animation view, 17

P

pan
animation view, 17
parameter
dialog, 10
propagation, 64
pendulum, 20

plot window, 16
propagation of parameters, 64

R

roll

animation view, 17
rotate

animation view, 17
rotation center

of animation, 17
run script, 16

S
script, 16, 71

scroll
animation view, 17
setting parameters, 27
simulate model, 24
simulation, 15
documentation, 69
setup, 23
start values
fixed, 32
syntax check, 22

T

text
size, 22
translate model, 24

w

warnings, 31, 57, 64, See also errors
window

animation, 16

diagram layer, 17

plot, 16

Z

zooming
animation window, 17
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