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1. Welcome

Welcome

=0-

This manual provides a basic overview of installing and using 20-sim. It is not a
reference manual but intended as a guided tour to show you how to use 20-sim and how
to create and simulate your own models.

If you need detailed information on 20-sim please have a look at the the Reference
Manual.

If you are a first time user you are advised to read this manual carefully and run the
various examples to get hands on experience with the package.

Installation: This chapter describes the various versions of 20-sim and how to
install 20-sim on your computer. It is useful for system managers and if you
experience problems installing the package. You may skip this chapter if 20-sim is
properly working on your computer.

Introduction: This chapter describes the basic parts of the 20-sim package, the
modeling representations that are supported and the various toolboxes. It gives a
good overview of the package. Users who want to learn the package by trial and
error.

Equation Models: No one should skip this chapter! It describes the basic modeling
representation of 20-sim: (differential) equations. You should run the examples of
this chapter to get a good understanding of entering equations in 20-sim.

Block Diagram Models: Extremely recommended once you have finished the
equations. Everyone will now and then use block diagram elements and in this
chapter you can learn all about this modeling representation.

Iconic Diagrams: Iconic diagrams or physical components are the building blocks
of models of physical systems. This chapter is absolutely worth reading for everyone
who is involved in modeling physical systems.

Bond Graphs: Bond graphs are a mathematical notation of physical systems. 20-sim
has a large library of bond graph elements. This chapter does not explain bond
graphs but how to use 20-sim to enter bond graph models.

3D Mechanics Toolbox: The 20-sim 3D Mechanics Toolbox provides you with the
tool that makes 3D dynamic modeling easier, the 3D Mechanics Editor.

Animation Toolbox: The Animation Toolbox offers you an easy way to create 3D
Animations and view graph animations.

Control toolbox: The Control Toolbox of 20-sim contains several tools that can aid
you in developing controllers for your modeled machines, the Controller Design
Editor, the Filter Editor and the Neural Network Editors.

Frequency Domain Toolbox: The 20-sim Frequency Domain Toolbox consists of
the Linear System Editor, FFT Analysis and Model Linearization functionality.

Getting Started with 20-sim 5.1 1



1. Welcome

Mechatronics Toolbox: The Mechatronics Toolbox includes the Motion Profile
Wizard, the CAM Wizard and the Servo Motor Editor.

Real Time Toolbox: The Real Time Toolbox provides you with C-code generation
tools and templates for all kinds of different targets and platforms.

Time Domain Toolbox: During simulation, the time domain behavior of a model is
calculated. Based on this time-domain behavior, the model can be analyzed. A set of
powerful methods for time domain analysis is available in 20-sim.

Scripting Toolbox: This chapter contains a description of the scripting functionality
that allows you to automate tasks with 20-sim using Octave, Matlab or Python.

20-sim Unity Toolbox: This chapter contains a description of the new 20-sim Unity
Toolbox functionality that allows you to use Unity 3D animations together with 20-
sim.

Getting Started with 20-sim 5.1 2



2. Notation

2 Notation
In the 20-sim manual the following typographic notations are used:

e User instructions are numbered:

1. Open the Simulator and start a simulation run.

e Specific 20-sim menus and menu commands are in bold:

The simulator can always be started by the Start Simulator command from the
Model menu.

e Files and directories are written in italic type:

The file ScaraRobot.emx is located in C:\Program Files\20-sim 5.1\Models\Examples
\2D Mechanics (or on 64-bit systems: C:\Program Files (x86)\20-sim 5.1\Models
\Examples\2D Mechanics).

e 20-sim commands, windows and window parts are started with an uppercase
character and written in italic type:

Drag and drop the model from the Library Browser to the Graphical Editor.

e Parameters, variables and other specific 20-sim elements are written in italic type:

In the equation model the function abs is used to make the signal output equal to the
absolute value of sum of variable offset and the signal input.

Getting Started with 20-sim 5.1 3



3. Installation

3 Installation

3.1 Versions
20-sim is available in three versions: Viewer, Personal and Professional.

o Viewer/Demonstration version: This is a freeware version that allows you to load
and run models and evaluate the package. Saving of models is not possible in this
version.

¢ Personal: This version is for use at home, for students and personal education. Not
for commercial, government, academic or other organizational use. This is the full
version of 20-sim with some limitations.

e Professional: This is the full version of 20-sim with standard toolboxes.

Next to the standard toolboxes that come built-in with 20-sim, additional toolboxes can
be purchased. The table below shows in detail the options that are available:

20-sim with standard Viewer Personal Professional
toolboxes

Library Models vk v v
Number of Variables unlimited < 3000 unlimited
Number of Equations unlimited < 500 unlimited
3D Mechanics Toolbox vk v v
Animation Toolbox vk v v
Control Toolbox v v v
Frequency Domain Toolbox v* v v
Scenario Manager X v

Mechatronics Toolbox v v

Real Time Toolbox v* v \Y
Time Domain Toolbox vk v v
Scripting Toolbox X v v
Additional toolboxes

20-sim Unity Toolbox

20-sim HIL Toolbox

included
has to be purchased separately

Getting Started with 20-sim 5.1 4



3. Installation

v* = included but no saving possible
x = not available

20-sim is installed, using an Installation Manager that will lock 20-sim to your computer.
There are three types of licenses available:

e Free : The demonstration version comes with a license that is not locked to your
computer. No actions have to be taken after installation of the program.

e Single License: A single license locks 20-sim to a specific computer. After
installation you have to register to get a valid license.

« Floating License: A floating license allows multiple users to work with 20-sim at the
same time. After installation you have to register to get a valid license.

3.2 Requirements
20-sim is guaranteed to work on computers that will meet the following requirements:
e Operating System: Windows 7, 8, 8.1, 10, 11.

e Processor requirements: 20-sim requires a CPU with SSE2 support. Supported: Intel
Pentium 4 and above, AMD Athlon x64 and above.

e Free Disk Space: 1 GB.
3.3 Installing 20-sim

20-sim can be downloaded from the website www.20sim.com. This is an installation file
that will install 20-sim on your computer. The first 4 steps are equal for all users.
Depending on the type of license (single, floating) you have to continue differently.

1. Install 20-sim and start the program.
2. During Installation you will be asked to install the (optional) Python 3.7 package.
We advise to keep the default setting: Yes.

3. Start 20-sim (from the Windows Start Menu choose 20-sim 5.1).

If a valid license of 20-sim 5.1 was activated before, the program will start automatically
and you can skip the rest of this section. If you have not installed 20-sim before, the
License Activation dialog will open. You can also manually open the License Activation
dialog:

4. From the Help menu select License Activation.

Getting Started with 20-sim 5.1 5
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License Activation X

=20 -1

Version 5.1

5.1.0-beta build: 12792
© Controllab Products B.V. 2023

License Information

Name: 20-sim 5.1 Professional
Company: Demo/Viewer License

License Type: Demenstration/ Viewer License
License Key:

Version: 51

Expire date: No Expire Date

Next License Check: -

License Options
Request a trial license for 20-sim Trial License
Buy a copy of 20-sim click here far more information Buy

Press Activation button to update or deactivate your license. Activation

0B Close

Use the Registration/Update window to request for a license.

5. If you have a valid license key or license file, press the Activation button to enter
your license key or browse for the license file.

If you do not yet have a valid license, press the Trial License button request an trial
license or press the Buy button to purchase a license. If you want to continue in Viewer
mode (no save functionality), just close the dialog without activating 20-sim.

6. Select which kind of license you have and who should use the license.

What kind of icense did you request?
@ single

OFloating (netnork license)

By who should the license be used?
(@) All Users on this computer

Oonlyme

<Back Mext > Cancel

License installation dialog.

Single License
If you are using a single license, you have to enter a license key or license file.

7. On the next dialog, select I received a license key by e-mail and enter the key
in the next dialog. When you received a license file, you have to enter the
location of the license file.

Getting Started with 20-sim 5.1 6



3. Installation

Single License X

@ I received a license Key by email

<Back Mext > Cancel

Single License dialog.

You will be asked for confirmation (click Activate Now) and activation will be carried
out. After a successful activation process the License Information dialog will show the
new license.

The product has to be activated orline.
Please provide a connection to the Internet and activate
it.

Proxy settings

Activate now Cancel

Web Activation dialog.

Floating License

Installing a floating license (Administrator)

If you are using a license that is shared by more users (floating license, also known as
concurrent license or server license), you have enter the received license key and a
location on the server (a normal Windows shared folder) first. This location on the server
should be accessible to all users and have read/write permission. The floating license will
be stored at the selected location.

6. On the next dialog, select First Installation and then enter the license key and
the location on the server (Windows share).

On the location that you have given, a license file 20sim.lic will be installed. Remember
the location of this file because every new user of 20-sim will need to enter it. You will
be asked for confirmation (click Activate Now) and activation will be carried out. After
a successful activation process the License Information dialog will show the new license.

Using a floating license (Other users, Administrator)

If you are using a floating license that was already installed you have to enter the
location of the license file.

7. On the next dialog, select Administrator already installed server license and
then enter the license location (i.e. location of the file 20sim.lic).

After a successful entry of the location of the license location, the License Information
dialog will show the new license.

Getting Started with 20-sim 5.1 7
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3.4 Uninstalling

You can uninstall 20-sim by clicking the Uninstall command from the 20-sim start menu.
Uninstalling of 20-sim will not deactivate your license. If you want to move 20-sim to
another computer, you have to deactivate your license first before uninstalling.

3.5 Deactivation

If you want to move 20-sim to another computer, you have to deactivate your license
before uninstalling the program. On the new computer you can then install the program
and activate the license. To deactivate your license:

1. From the Windows Start menu open 20-sim.

2. From the Help menu choose License Activation.
3. Press the Activation button.

4. Choose Deactivate the License and click Finish

You will be asked for confirmation and deactivation will start. After a successful
deactivation, you version of 20-sim has turned into the demonstration version. You can
now uninstall the software and reinstall it.

Getting Started with 20-sim 5.1 8
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4 Introduction

4.1 Whatis 20-sim

20-sim is a modeling and simulation program that runs under Microsoft Windows. With
20-sim you can simulate the behavior of dynamic systems, such as electrical,
mechanical and hydraulic systems or any combination of these.

20-sim fully supports graphical modeling, allowing to design and analyze dynamic
systems in a intuitive and user friendly way, without compromising power. 20-sim
supports the use of components. This allows you to enter models as in an engineering
sketch: by choosing components from the library and connecting them, your engineering
scheme is actually rebuilt, without entering a single line of math!

<—F—>

Q QO @ @
@) @)

From the engineering sketch,

]

B 20-sim Editor on: MachineDynamics.emx

Eile Edit View Inset Model Drawing Setfings Tools Help
DakdEe EEJIERR K § s FNe s RO
Model  Library Rew AAEBARE L& &
v model ~
.- Actuator
| FixedWorld
~ FixedWorld!
— FixedWorld2
[7] frame
frameflex (default
framesensor
< load
motorflex (default)
[=] motorinertia
motorsensor
springleft (defautt
springright (default
4 sweep @eroMean)
worldsensor

g
~

t

—

a

m
Py
1
b
-
eced

Interface Icon  Globals 4 ¥ Qutput Process  Find av

Ha2g

Causality assignment completed successfully

b
-

b ecd

directly to a model, one on one!
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4. Introduction

4.2 20-sim: a quick tour

The best way to experience the capabilities of 20-sim is to open example models and
run simulations. In this quick tour we will show you how to load models from the
Examples library and run simulations.

1. Start 20-sim.

20-sim consists of two main windows (Editor and Simulator) and a lot of tools. The Editor
opens when you start 20-sim. In the Editor you can create your models.

B 20-<im Editor - [m] X
Flle Edit View Insert Model Drawing Settings Tools Help

2 5 T SV =
DokE2 CERENE B | e s RO =
Model  Library Wew AMNBEEBARE Z& R

- model

Interface lcon  Globals 4 ¥ Output Process  Find M
New file

The 20-sim Editor.

The Editor consists of four parts:

e Model tab / Library tab: This is the part at the middle left. The Model tab shows the
model hierarchy, i.e. the hierarchical composition (all the elements) of the model that
is created in the Editor. The Library tab shows the 20-sim library.

e Graphical Editor / Equation Editor: This is the big white space at the middle right. In
this editor you can create graphical models and enter equations.

e OQutput tab / Process tab / Find tab: This is the part at the bottom right. The Output
tab shows the files that are opened and stored. The Process tab shows the compiler
messages. The Find tab shows the search results.

e Interface tab / Icon tab: This is the part at the bottom left. The Interface tab shows
the interface of a selected model. Double clicking it will open the Interface Editor.
The Icon tab shows the icon of a selected model. Double clicking it will open the Icon
Editor.

We will open the model DiscreteController.em from the Examples\Control\Standard
Control folder.

2. Select the Library tab to open the Library Browser (shows the 20-sim library).

Getting Started with 20-sim 5.1 10
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3. In the Library Browser select Examples - Control - Standard Control - Discrete
Controller. Your Editor should now look like:

R 20-sim Editor - O

File Edit View Inset Model Drawing Seftings Iools Help

DoekES CEIIERE K § wFE s RO &

Medel  Library Reg ANEBMAL L& ®
v ). Library ,.

Bond Graph

Iconic Diagrams

Signal
v ), Examples

1D Mechanics
2D Mechanics
3D Mechanics
Block Diagrams
Bond Graph
v | Control
Advanced Centrol
Neura! Networks
PID-Cantrol
~ |, Standard Control
+ Active Suspension
= AdaptiveController
. ControllerTuning
DiscreteCantroller
= Fluidl evelContral v

Interface  Icon  Globals 4 Y Output Process  Find

New file

The 20-sim Editor with the model library selected.

Note: All models in 20-sim are stored on file with the extension .emx. Library models
can be found where 20-sim was installed, e.g. C:\Program Files (x86)\20-sim 5.1
\Models. The model DiscreteController is stored in: C:\Program Files\20-sim 5.1 (x86)
\Models\Examples\Control\Standard Control\DiscreteController.emx

4. Drag and drop the Discrete Controller model to the graphical editor (large white
area). Now the model is opened. Your Editor should look like:

[ 20-sim Editor on: DiscreteController.emx

File Edit View In: Model Drawing Settings Tools Help

- K —=
OekE b et #FARS 7 RO 5
Medel  Library Wep ANBBARE L& @

v model -~

4] AD1 Discrete Controller

[2] ap2

2] DA

Li K1 This model demonstrates the performance of a digital controller compared to its continuous-t

As long as the sample time is small the discrete controller will show a behavior comparable ti

[=] k2 time equivalent (experiment1). When the sample time decreases, performance of the digital

=] decrease (experiment 2). By carefully tuning the parameters of the digital controller with resp,

ol pl its may be increased 3).

[x] M1

=R

=] Re

] x1

[7] x1z

[ x2

[7] x2z

discrate

<

Interface Icon  Globals 4 ¥  Qutput Process  Find

Causality assignment completed successfully

The 20-sim Editor with the model DiscreteController.emx loaded.

You can inspect the model by enlarging the Editor window or using the zoom button. We
will continue the quick tour running a simulation.
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5. In the Model menu select Start Simulator. Now the Simulator will be opened.

n Simulator

File View Properties Simulation Tools Help
0 @
He B 2w/ WIKIMb» HE B
[T Plot Windows 15
« [[] Discrete Controller (continuous)
A x1 1 (discrete)
B
05
0
1 {continuous)
(discrete)
05
0
08
o 2z 6 8 10
< 2 time {s}
{Gutput | avw
[20-sim 4.8 (<) 2021 Controllab Products B.V.

The 20-sim Simulator with the model DiscreteController.emx loaded.

In the Simulator you can run a simulation and show the results in plots and animations.
The Simulator contains various tools to analyze the simulation results.

6. In the Simulation menu select Run. Now a simulation run will be performed. Your
Simulator should look like:

P 20-sim Simulator

File View Propetties Simulstion Tools Help
i a ; e o
He B ¢2wm i/ WKbM HE & £@
[T Plot Windows 15 .
! P
v D0 '?,““““"“"""" = x1 (continuous)
Ex 1 = (discrete)
B x2
08
0
1 (continuous)
(discrete)
08
‘ L‘—\\(
-05
o 2 2 10
< > time {s}
(Gutput | av
Starting Simulation in Asmjit Mode - Arch:FPU x87
Simulatien Running...
Simulation stopped after 0.002 seconds. Model calculations: 4051 Number of output points: 1051 Average steps per second: 1350
======= Finished Simulation - 0 errors, 0 warnings =======

The 20-sim Simulator with the simulation results.

You have just learned how to open and run an example model. Try to load and run other
models from the Examples library to find out more about the capabilities of the 20-sim

package.

Getting Started with 20-sim 5.1
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4.3 Library

In 20-sim, creating models only takes you just a few mouse clicks. By dragging an
element from the library and dropping it in the graphical editor, your model is actually
built the same way as you would draw an engineering scheme. 20-sim supports various
model representations, such as block diagrams and iconic diagrams. These
representations may be combined in one model.

Library Browser

All models in 20-sim are stored on files with the extension .emx. The standard libraries
can be found in the 20-sim folder:

C:\Program Files\20-sim 5.1\Models
or on 64-bit systems:
C:\Program Files (x86)\20-sim 5.1\Models

This folder contains all the models that are visible in the Library Browser on the left part
of the Editor.

v L Library ~
Bond Graph
v || lconic Diagrams
Electric
Hydraulics
~ 1 Mechanical
Rotation
v | Translation
DSmallRotation
3DSmallRotation
Actuators
Components
sssssss
Transmission
Thermal
v i Signal
~ ! Block Diagram
Yl Attenuate
2] Delay-Pade

ar| Delav-Sten o

< >

You can find the library at the left of the Editor.

The library contains 3 sections with building blocks:
e Bond Graph: bond graph elements

e Iconic Diagrams: Physical components

e Signal: Block diagram elements

The library also contains 2 sections to help you getting used to 20-sim:
e Examples: example models that show you how to perform various tasks in 20-sim

e Getting Started Manual: all the models that you need in the lessons of the Getting
Started manual.

Open Models

All library models are open source. You can inspect the content of any model in the
Editor. If the model contains a hierarchy, you can use the Go Down command of the
Model menu to descend in the hierarchy. If a model opens a specific editor, you can still
inspect the underlying code by keeping the shift key pressed while clicking the Go Down
command.
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Custom Libraries
You can create your own model libraries in 20-sim:

1. From the Tools menu click Options - Folders - Library Folders.
2. Add your folder.

3. Give it a useful name by clicking Edit Label.

4. Click OK to close the dialog.

Then you can add your own library models to the library:

5.
6.

7.

Select the submodel that you want to store in your library.
From the File menu select Save Submodel.

Store the submodel in your library folder.

4. Introduction

The next time you start up 20-sim, the library will show the new submodel.

4.4 Block Diagrams

Block diagrams allow you to graphically represent the mathematical

relationships

between signals in a system. They are especially suited to model control systems. In 20-
sim a large library of block diagram elements is available. The elements are displayed in

the Editor by icons.

You can create block diagram models by dragging the elements to

the Graphical Editor and making the proper connections between the elements.

Library

20-sim has a large library of block diagram elements such as linear, non-linear, discrete
and source elements. In 20-sim you can create custom made block diagram elements
and add them to the existing libraries or combine them in newly defined libraries.

B 20-<im Editor - [m] X
Eile Edit View Insert Model Drawing Settings Iools Help
s 2 T 5! iy 28 Al A - -
DatE2 ONx<DBE «¢4 840 2#0s7 R @[ 5
Model  Library Reg ANAEBEARE L&D B = @&
v | Library a
Bond Graph
Iconic Diagrams
~ || Signsl
~ || Block Diagram
¥ Attenuate
|| Delay-Pade
o] Delay-Step
P+ Delay-Time oo
2 Delay-VariableTime
| Demux
<
Interface lcon  Globals 4 ¥  Output | Process Find av
Checking causality.
1/ Causality assignment completed successfully
K
Attenuate

From the Library Browser (left) you can drag and drop elements into the Graphical Editor (right).
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Signals

The foundation of block diagram elements is the use of input and output signals. 20-sim
allows you to create user defined block diagram elements with an arbitrary number of
input and output signals. Signal sizes can be 1 (default) or larger.

Custom Made Models

In 20-sim you can create your own block diagram elements and save them in your own
model library. Models can have an arbitrary number of ports, input and output signals. A
specialized drawing editor can be used to give the models any kind of representation.

4.5 Iconic Diagrams

Iconic diagrams or components are the building blocks of physical systems. They allow
you to enter models of physical systems graphically, similar to drawing an engineering
scheme. In 20-sim a large library of iconic diagram elements is available. The elements
are displayed in the Editor by icons which look like the corresponding parts of the ideal
physical model. You can create models by dragging the elements to the Graphical editor
and making the proper connections between the elements.

Library

20-sim has a large library of iconic diagram elements such as electrical, hydraulic,
mechanic and thermal models. In 20-sim you can create custom made iconic diagram
elements and add them to the existing libraries or combine them in newly defined
libraries.

% 20-sim Editor - O X
File Edit View Insert Model Drawing Settings Tools Help

DakE: OOx<bh ¢ & #Fh e s RO
Model  Library Wew ANEBARE L2 W= &

v L Library ~
Bond Graph
~ | lconic Diagrams
~ b Electric
4 Actuators
. CMABender

| CMAStretcher y>
% DCMotor
Compenents " a
S Somem VetageSoume DOmetor
14 ControlledCurrentSc
[% ControlledVoltageSc
© CurentSource
+ Modulated CurrentSc
+) MedulatedVoltageSe
VoltageSource
Hydraulics
Mechanical
Thermal
Sianal v
< >
Interface lcon  Globals 4 ¥  Output Process Find av
Checking causal

ity.
E Causality assignment completed successfully

DCmotor (default)

From the Library Browser (left) you can drag and drop elements into the Graphical Editor (right).

Ports and Multiports

The foundation of iconic diagram elements is the use of power ports. Power ports enable
the connection between elements by describing the power flow between the elements. A
power port consists of two signals which are called across and through. 20-sim allows
you to create user defined iconic diagram elements with an arbitrary number of power
ports. Port sizes can be 1 (default) or larger (multiports).

Getting Started with 20-sim 5.1 15
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Algebraic Loops and Differential Causality

Algebraic loops and differential causalities are traced automatically. If possible, 20-sim
will rewrite the equations symbolically to remove algebraic loops and differential
causalities.

Custom Made Models

In 20-sim you can create your own iconic diagram elements and save them in your own
model library. Models can have an arbitrary number of ports, input and output signals. A
specialized drawing editor can be used to give the models any kind of representation.

4.6 Bond Graphs

20-sim was the first commercially released software package to support bond graph
modeling. The first version of 20-sim with a bond graph library was released in 1995.
Since then a continuous effort to improve bond graph modeling has made 20-sim the
standard in bond graph modeling.

Bond Graphs

Bond graphs are a network-like description of physical systems in terms of ideal physical
processes. With the bond graph method, the system characteristics are split-up into an
(imaginary) set of separate elements. Each element describes an idealized physical
process. To facilitate drawing of bond graphs, the common elements are denoted by
special symbols.

Library

20-sim has a large library containing all standard bond graph elements. Next to standard
elements, 20-sim supports custom user made bond graph models.

B 20-sim Editor
File Edit View Inset Model Drawing Settings Tools Help
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From the Library Browser (left) you can drag and drop elements into the Graphical Editor (right).
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Ports and Multiports

The foundation of bond graph modeling is the use of power ports. Power ports form the
connections with other bond graph elements and consist of two signals which are called
effort and flow and multiply to power. 20-sim allows you to create user defined models
with an arbitrary number of power ports and signals. Ports sizes can be 1 (default) or
larger (multiports). For every port you can specify the causality as fixed preferred,
indifferent or depending on the causality of other ports.

Causality

Causal strokes indicate the direction of the efforts and flows in a bond graph model. In
20-sim you have to enter the equations in one of the possible causal forms only. If
causality is changed, the equations are rewritten automatically. 20-sim shows causal
strokes in black color for preferred causality and in causal strokes in orange color for
non-preferred causality. The Causality of a complete model is derived automatically but
can be changed manually.

0-sim Editor on: BondGraphModel.emx
B 20-sim Edit BondéraphModel.
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Interface lcon  Globals 4 ¥ Output Process Find av
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The model has 0 errors and 1wamings.
Model processing succeeded v

Model processing succeeded

20-sim will assign causality automatically to your bond graph model.

Algebraic Loops and Differential Causality

Algebraic loops and differential causalities are traced automatically. If possible, 20-sim
will rewrite the equations symbolically to remove algebraic loops and differential
causalities.

Getting Started with 20-sim 5.1 17



Custom Made Models

4. Introduction

In 20-sim you can create your own bond graph models and save them in a custom made
model library. Models can have an arbitrary number of ports, input and output signals. A
specialized drawing editor can be used to give the models any kind of representation.

B 20-sim Editor on: Speaker.emx
Eile Edit View Insert Model Drawing Settings Iools Help
s e &
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This demo shows the model of a electrodynamic transducer: a speaker. The electrical portis
: speaker driven by a voltage source (MSe) ihat generates a sine wave. The mechanical portis connecis
C spring with a mass, (1), siffness (C) and damping (R}
-~ u
1
Cﬁl%ﬁﬁm.—@
R I
Vau san creste your aun bond gragh ekements -
< >
Interfsce lcon | Globals 4 ¥ Output Process | Find av
H
Causality assignment completed successfully

Create custom made bond graph elements.

4.7 Editor

Models are entered and compiled in the 20-sim Editor. The Editor is a versatile tool that
helps you to enter models supporting a wide variety of systems including linear, non-
linear, discrete-time, continuous-time and hybrid systems, without restricting the user to
a certain model representation. After entering and debugging, the model can be checked
and compiled. This is performed automatically in the background, when opening the

Simulator.

Model Representations

Systems can be modeled in 20-sim, using equations, state space descriptions, bond
graphs, block diagrams, and components or iconic diagrams. These descriptions can be
fully coupled to create mixed models.

Getting Started with 20-sim 5.1
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4. Introduction

Open Source

20-sim models are stored in files. A Library Browser is part of the program, but you can
also use the Windows Explorer for library management. All 20-sim models are open! You
can drag and drop them from the library browser into the graphical editor to build new
models. You are allowed to store the original and changed models in separate folders to
create your own library of models.

B 20-sim Editor on: BWHighPa:

File Edit View Insert Model Drawing Settings Tools Help

DekHS PR K § B e R @l &
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“ Butterworth 1st order highpass filter

c
L Ground1
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L Ground3
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P SignalGenerator (defautt)
v

- 10n
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1. Start the simulater (Medel - Start Simulator).
Interface  Icon  Globals 4 ¥  Output Process  Find av

BW HP

Causality assignment completed successfully

You can drag and drop models from the library browser to the graphical editor.

Debug Mode and Fast Mode

20-sim can operate in two modes: Debug Mode #- and Fast Mode #-. This is indicated
by the Mode button at the complete right of the toolbar. You can quickly change between
these modes by clicking on the Mode button. In Debug Mode all possible checks will be
performed and warnings will be generated for possible model errors. Always start
modeling in Debug Mode!

Graphical Models

You can construct graphical models (block diagrams, iconic diagrams, bond graphs) by
dragging and dropping models from the Model Library to the Graphical Editor. Default
the Editor is in Selection Mode |%.. If you want to make connections between the models,
you have to change to the Connection Mode "=

Drawing

The icon of every standard library model in 20-sim has been created using a special
drawing editor: the Icon Editor. You can use the Icon Editor to change the standard
library models or create your own library models. You can enter text and add bitmap
pictures in every level of your model. With lines, arrows and other drawing objects you
can enhance the understanding of your model.
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Hierarchical modeling

20-sim supports unlimited hierarchical modeling. The highest levels consist of graphical
models (state space models, block diagrams, bond-graphs or components) and the
lowest level is formed by equations models.

Equations

The lowest level in a 20-sim model is formed by equations. Equations in 20-sim follow
the standard mathematical notation and can be changed by the user. A large collection
of linear, non-linear, scalar and matrix functions are available for the use in equations.

4.8 Variables, Parameters and Initial Values

Equations are the foundation for all models in 20-sim. At the lowest level of a model you
will always find equations. Equations can be entered in the 20-sim Editor. An example
equation model is shown below:

parameters
real m = 1.0 {kg}, // mass
real g = 9.8 {m/s2},; // gravity
real K = 2.0 {N/m}; // spring constant
real f = 1.0 {N.s/m},; // friction parameter
variables
real v {m/s}; // velocity
real interesting x {m}; // position
real Fm {N}; // net-force applied to the mass
real Fs {N}; // spring force
real Fd {N},; // damper force
equations
Fm =-m *g-Fs-Fd;
v=_(1/m) *int(Fm,b 0);
x =int(v,0);
Fs =K * x;
Fd =f*v;

A 20-sim equation model starts with the declaration of parameters and variables. In the
Equation section, the equations are entered. An equation is simply a variable on the left
part of the equal sign and variables or functions at the right side. During a simulation,
the equations are calculated over and over again, many time steps, while the resulting
variable values are be shown in plots.

You can inspect equations by opening an example model, select one of the blocks with
you mouse pointer and select "Go Down "from the right mouse menu. If you repeat this
you will always see an equation model at the lowest level.

Variables

Variables can change value during a simulation. You can inspect the current value of a
variables in the Variables Chooser (Simulator - View - Variables).

Parameters

Parameters have a fixed value that you can change before a simulation in the
Parameters/Initial Values Editor (Simulator - Properties - Parameters).
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Initial Values

Some functions like an integral or a hold have an initial value. These initial values can be
entered in the equation model (see int-function with a zero initial value in the example
above: v = (1/m)*int(Fm , 0)) or be changed before a simulation in the the Parameters/
Initial Values Editor (Simulator - Properties - Parameters).

4.9 Simulator

After entering a model in the Editor you can check and compile it. This is performed
automatically in the background, when opening the Simulator. The Simulator is used for
model simulation and analysis.

Plot Windows

Simulation results can be shown in plots and animations. These plots and animations can
be part of the main Simulator window or additional windows. Plots are fully configurable.
Logarithmic views, true-type fonts, line styles, marker styles and backgrounds are
supported. Plots and animations can be made ready for publication easily (copy to
clipboard and paste in any document).

B 20-sim Simulator
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0 3D Animation 0.02
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< R EEI=T T w  [w v
{Output | av
Simulation Running. ~
Sim opped after 0.181 seconds. o ions: 07802 Number of output points: 582 Average steps per second: 540830
=== inished Simulation - 0 errors, O warnin ==
v
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Show simulation results in plots and animations simultaneously.

Debug Mode and Fast Mode

20-sim can operate in two modes: Debug Mode #* and fast Mode =" This is indicated by
the Mode button in the toolbar. In Fast mode a built-in runtime compiler is used which
compiles the simulation model into platform specific 32-bit machine code. The result is a
dramatic increase of simulation speed. 20-sim machine code runs faster than the
equivalent compiled C-code! Compiling the machine code, even with large models, is
done while you start up the Simulator. The compiler is an internal part of the 20-sim
software. No external compiler or program is required!

Simulation Algorithms

20-sim contains powerful simulation algorithms for solving ordinary differential equations
(ODE) and differential algebraic equations (DAE). It has a variety of numerical
integration methods: one-step, multi-step and multi-order.
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Discrete-time models

20-sim will automatically detect discrete-time loops in a model and assign each
independent loop a separate sample rate. Discrete signals are shown in the Editor in
green. Discrete-time parts are activated by time events so that mixed continuous-time
and discrete-time models are handled correctly.

Events

20-sim can also handle state events based on zero-crossing algorithms. This results in a
fast and accurate event detection and localization.

4.10 Toolboxes

20-sim contains a number of Toolboxes. The following toolboxes can be found in the
Editor:

1. Control toolbox: This toolbox consists of the Controller Design Editor, the MLP
Network Editor, the B-Spline Editor and the Filter Editor.

2. Mechatronics Toolbox: This toolbox consists of the Cam Wizard, the Motion Profile
Wizard and the Servo Motor Wizard.

3. 3D Mechanics Toolbox: This toolbox consists of the 3D Mechanics Editor.

4. Frequency Domain Toolbox: This toolbox allows you to look at model properties in
the frequency domain.

5. Scenario Manager: With this tool you can automate tasks like testing models.

The following toolboxes can be found in the Simulator:

6. Time Domain Toolbox: This toolbox contains powerful tools to inspect the behaviour
of your model using time domain simulation: Parameter sweeps, Optimization,
Curve Fitting, Tolerance analysis, Sensitivity analysis, Monte Carlo analysis and
Variation analysis. You can also use External DLL's to run your time domain
simulations.

7. Frequency Domain Toolbox: This toolbox allows you to look at model properties in
the frequency domain.

8. Real Time Toolbox: This toolbox allows you to create C-code out of any 20-sim
model for the use in real-time applications.

9. Animation Toolbox: This toolbox consists of the 3D Animation and Graph Animation
tools.

Two toolboxes run externally from 20-sim:
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10.

11.

4. Introduction

Scripting Toolbox: 20-sim scripting allows you to run tasks in 20-sim automatically
using scripts running in Python or other scripting tools. With these scripts you can
open models, run simulations, change parameters, store results and much more.

20-sim - Unity Toolbox: This toolbox couples 20-sim with the Unity game engine.
Unity allows you to make 3D animations with high quality rendering and display on
screen and VR headsets. The Unity toolbox does not come standard with 20-sim, but
has to be purchased separately.
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5 Equation Models

5.1 Introduction

Equations are the foundation for all models in 20-sim. At the lowest level of a model you
will always find equations. Equations can be entered in the 20-sim Editor.

1. Open 20-sim and select File, New and Graphical Model.

The right part of the Editor will now allow you to graphical models. That is why we have
named this part of the Editor the Graphical Editor. The Graphical Editor will change into
an Equation Editor if we go to the deepest level of any model.

2. Go to the left of the Editor and click the Library tab
Now the Library Browser will appear.
2. Click on Examples and System Dynamics.

3. Drag the model LorenzAttractor to the white space at the right (Graphical Editor).

B 20-sim Editor on: LorenzAttractor.emx

File Edit View Inset Model Drawing Settings Tools Help
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parameters
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real ¢ = 17
variables
real =,Y,Z;
equations
ddt (x,-2) = a*(y-x);
ddt (y,-2) = (b-z)%x - vy;
ddt(z,15) = x*y - c*z;

< >

Inteface Icon  Globals 4 ¥  Qutput Process Find av

File opened

Equation model of the Lorenz Attractor.

As you will see the Graphical Editor changes into an Equation Editor and equation model
is opened. This model is called an equation mainmodel, because it has no input signals,
output signals or ports. This can be verified in the lower left part of the Editor which
shows the Interface of the model (empty). A mainmodel is a model that cannot be
connected with other models.

4. Open 20-sim and select File, New and Graphical Model.
5. Go to the left of the Editor and click the Library tab.
Now the Library Browser will appear.

6. Click on Examples and Block Diagrams.
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7. Drag the model Oscillator to the white space at the right (Graphical Editor).

As you will see a block diagram model is opened. We will inspect the integrate element

of this model.

<im Editor on: Oscillator.emx

File Edit View Inset Model Drawing Settings Tools Help
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(7] ntegrate? (Simulator: Simulation - Multiple Run) with changing initial values of integrator 1
[1] Negatet Courtesy of Y.J. Kingma, prof. emeritus Elect Engin, Universit of Alberta
1. Startthe simulator (Model - Start Simulator).
2.Run a simulation (Simulator Window - Simulation - Run).
v
Inteface lcon | Globals 4 ¥ Output Process Find av
L Checking causality..
| Causality assignment completed successfully
|
Causality assignment completed successfully

Block diagram model of an oscillator.

8. Go to the left of the Editor and click the Model tab.

Now the Model Browser will appear. The Model Browser shows the relevant block

diagram elements of this model.

9. Select the Integratel element.

B 20-sim Editor on: Oscillator.emx
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Equation implementation of an integration element.
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5. Equation Models

As you can see an equation model is shown. This is called an equation submodel,
because it has equations which relate an output signal to an input signal. The signals are
defined in the lower left part of the Editor (the Interface). A submodel is in general a
model that can be connected to other submodels using signals or power ports.

In the next sections we will show how to create equation mainmodels and submodels.
We will start with a simple mechanical system and show how it can be described by
differential equations. We will enter these equations in 20-sim in the form of an equation
mainmodel. In next section we will show how to model a pendulum with differential
equations incorporated in an equation submodel.

5.2 Equation Mainmodel

Differential Equations
We consider the mechanical system of the figure below.

) (

t 4 K

m +—-———-

A mass with spring and damper.
We will first derive the necessary equations for this system and then enter these
equations in 20-sim and do a simulation. For the mass we can write the following
equation:

Fm:m-azm-ﬂ
dt

where Fm is the force on the mass m due to its inertia, v the velocity and a the
acceleration. In block diagram models integration is to be preferred above
differentiation, so we rewrite the equation for Fm:

1
v=—|F dt

mj. m
For the spring we can write:
F=K-x=K|[vdt

where Fs is the force on the spring and K is the spring constant. For the damper we can
write:

=1,
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where Fd is the force due to viscous friction and f is the friction parameter. For the
gravity force we can write:

F,=-mg

where Fg is the force due to gravity and g is the acceleration of gravity. Combining the
forces leads to the following set of differential equations:

F,=-mg-F -F,

m

v:%J.F dt

F=K-x=K|[vdi
F, =/,

Equation Model

These equations can be entered in 20-sim directly as equations. We will use an equation
mainmodel. A main model means that the model has no input or output signals to
connect it with the outside world.

1. Open 20-sim and select File, New and Equation Model.

Make sure that 20-sim is in Debug Mode. The right part of the Editor will now allow you
to create graphical models. That is why we have named this part of the Editor the
Graphical Editor. Equations in 20-sim written in a special language called SIDOPS+. This
language is similar to mathematical equations and is easy to learn.

B 20-sim Editor

Fle Edit View Inset Model Drawing Settings Tools Help
i, 7 N

D o B \19 S BRo [B o @
Model  Library ) ) e ) add
v | Library

Bond Graph

Iconic Diagrams

Signal

Examples

Getting Started Manual

The taskbar of the Equation Editor.

Look at the taskbar at the top of the Equation Editor. The taskbar contains buttons to
insert functions, statements and other language constructs of SIDOPS+.

2. From the task bar select the add button. Choose Equation Examples and Simple.
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B 20-sim Editor
File Edit View Insert Model Drawing Settings Tools Help
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Model ~ Library Lifd ¢ 4 b x
= model parameters
real amplitude = 2 {m};
real omega = 5 {rad/s};
variables
real = (m};
equations
"simple path generator”

x = amplitude * sin (omega * time);
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New file
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5. Equation Models

Now you will see a simple example of an equation model. Your Editor should look like:

(m)

Lo S I T ]

Using the add button you can insert the template of a simple set of equations.

Close the Help File.

We will enter the differential equations from the previous topic.

Getting Started with 20-sim 5.1

An equation model starts with the declaration of parameters and variables, followed by
the actual equations. You can easily get help by putting the mouse pointer on top and
pressing the F1 key.

Put the mouse pointer on top of the word sin, click once with the left mouse button
and press the F1 key.

Now the 20-sim Help file should open with the topic on the sine function opened.

Clear all equations from the Editor (select them and press delete).
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6.

Enter the following equations (you can copy and paste them):

parameters

real m = 1.0 {kg}; // mass

real g = 9.8 {m/s2},; // gravity

real K = 2.0 {N/m}; // spring constant
real f = 1.0 {N.s/m}; // friction parameter

variables

real v {m/s}; // velocity
real interesting x {m}; // position
real Fm {N}; // net-force applied to the mass

real Fs {N}; // spring force

real Fd {N}; // damper force
equations

Fm =-m *g - Fs - Fd;

v=(_(1/m) *int( Fm,b 0 ),

x =int(v,0);
Fs = K * x;
Fd=f*v;

7. Delete empty lines and use the tab-key to get a better layout.

Your Editor should now look like:

B 20-sim Editor

File Edit View Inset Model Drawing Setings Tools Help

real v (m/s};

real Fm {N};
real Fs {N};
real Fd {N};

NBEED ONOxBB « 4 PV X rrrr—
Model  Library M) M)t e dm) sk w

= model parameters AT

real m = 1.0 {kg}; // mass v

real g = 9.8 {(m/s2}; // gravi al

real K = 2.0 {N/m}; // sp r

real £ = 1.0 {N.s/m}; // friction parameter 1|

variables a

real interesting x {

equations
Fm = -m * g - Fs — Fd;
v=(1/m ) * int( Fm , 0 );
x=dnt( v, 0);
Fs = K * x;
Fd = £ * v
v
Interface  Icon | Globals 4 ¥ Output Process Find B
New file

// velocity

d to the mass g

The equations of the spring-damper-mass model entered.

8. From the Model menu select the Check Complete Model command.

Getting Started with 20-sim 5.1
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Now the complete model will be checked. If the model is correct at the bottom of the
Editor the Process tab should show a message indicating O errors and 0 warnings:

4 ¥  OQutput Process Find
4 equations
2 variables
2independent states
The model has 0 errors and 0 warnings.
Model processing succeeded

The results of model compilation are shown in the Process tab.

If any errors are found, a message window pops up, showing the errors which 20-sim
has found. The figure below shows the errors that are generated when a multiplication is
missing (m g should be m*g). You can click on the error in the Process tab to highlight
the corresponding equation.

B 20-sim Editor - o X

File Edit View Inset Model Drawing Setings Tools Help
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Model  Library f) fx) t 4 fm} add ®

= model parameters 2l

real m = 1.0 (kg}; // mass
real g = 9.8 (m/s2}; // a
real K = 2.0 {N/m}; =
real £ = 1.0 (N.s/m}; i

variables
real v {m/s}; // velocity
real interesting x {m}
real Fm {N};
real Fs {N};
real Fd {N};

equations
Fm = -m | g - Fs - Fd;
v=(1/m) * int( Fm , 0 );
x=dnt( v, 0);
Fs = K * x;
Fd = f * v

Interface  Icon | Globals 4 ¥ Qutput | Process  Find
Collecting model equations...
armor ; expected before g
The model has 2 errors and 0 warnings.
Model processing failed

Model processing failed

If errors occur, messages will be generated in the Process tab.

9. If any errors occur, try to solve them.

10. From the File menu click Save as. Store the model in a temporary directory (e.g.
C:\temp) using the name EquationModel.emx.

If you have problems entering the equations or checking the model, load the model
Equation Mainmodel from the Getting Started\Equation Models section of the library.

Simulation

Now we have entered the equation model, we will proceed and show how you can run a
simulation.

11. In the Editor toolbar from the Model menu select the Start Simulator command.
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This opens the Simulator window. We will proceed with this window.

File View Properties Simulation Tools Help
B = @
He B soeww/ midibw HE B @
[T Plot Windows model
v [ Window 1 10
model
8
s
4
2
0
0 2 2 10
time {s}
B s
20-sim 4.8 (c) 2019 Controllab Products B.V.

The Simulator will open with an empty plot.

12. In the Simulator toolbar from the Properties menu select the Parameters
command.

The Parameters Editor shows all the parameters of your model. It is a useful tool to
quickly change the value of a parameter. Check that the parameter values of your
model are equal to the values in the picture below.

" Parameter/Initial Values Editor

odell et Parameters | Initcl Vakues  Constants
- model
Name | value | Quantty | unit | Description
® 1 Lo{Nsm} Fricion newton second per meter  friction parameter
® g 932 Acceleration meter per second squared  gravity
® K 20{Nm)  Stffess newton per meter spring constant
$m Mass mass
< >
] Show Hidden []Expand Vectors Matrices
Import Apply ok Cancel Help

The Parameters Editor allows you to make quick changes to the parameters in a model.

13. From the Properties menu select the Run command.
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14. The Run Properties Editor shows the simulation settings. Change the Finish Time to
15 s and the Integration Method to Euler.

Simuator Ejer

Timing (seconds) Integration Methods

= .
Finish: | 15 = SetProperties
More >> Output After Each: [] 0.1

Related Options

Breakpoints General Properties

The Run Properties Editor allows you change the simulation settings.

15. Specific settings for the Euler method can be selected by clicking the Set
Properties button. Set the step size equal to 0.2 s.

Simuator | Euler

Step Size: | 0-2 =

The second tab shows the specific settings of the chosen Integration Method.
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16. From the Properties menu select the Plot command.

17.

Plot Properties
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5. Equation Models

In the Plot Properties Editor you can define the settings of a plot.

In the Y-axis tab click Choose.

This opens the Variable Chooser which helps you to select the variable that should be
plotted. It should look like:

" Variable Chooser

Model Hierarchy: Varigbles:
- model Name Value Quantity Unit
© simuator .

' time 0.04s} Time second
VoFd 00N Force newton
Kig 00 Force newton
@ Fm_int 0.0{Ns}  Momentum newton second
“@x 0.0 {m} Length meter
RoFm 0.0 {M} Force newton
“ov 0.0 {mfs}  veloaty meter per second
V¢ simuiator \stepsize 0.0
" smuistor steptme 0.0{s}  Tme second
Vg simulator\stephrCalculati... 0.0
*f 10{Ns Friction newton second per...|
%q 9.8{mfs2}  Acceleration meter per second s...
K 20 {Nm}  stiffess newton per meter
*m L0fkg}  Mass kiogram
< >

Show Varizbles

A | [expand VectorsMatrices

[ variables [ZstatesfRates
Alias Variables Dependent/Algebraic
[Otidden Variables ] Knots

Cancel

Help

The Variable Chooser shows the model variables and their current values.

18. Select the variable x and click OK.
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5. Equation Models

19. Select the Plot Properties tab and change the Title to Equation Mainmodel.

Plot Properties

PlotProperties  X-Axis Y-Axis
Plot Title: Equation Mainmodel Oleft  @Mdde ORight
Color Themes
Current Graph ~
Colors. Axes Fonts
Border Background ~ - Ctogarthmicx Tile
Grid Background Dlvogarithmic ¥ s
Show Grid [ Windows Default [ZIshow X-Values Label
[ 2D Look show Legend Legend
Plot Example:
model
10
= YLabel
8
6
4
2
]
0 z 4 B 10
X Label
Apply To: |all plots in this model v Help
oK Cancel

You can give a plot any desired look and feel.

20. Click OK to close the Plot Properties Editor.

21. From the Simulation menu select the Run command to start the simulation. The

result should look like the figure below.

File View Properties Simulation Tools Help

H By ¢ 2wml/ KK

R =

Equation Mainmodel

D Plot Windows
~ [[] Window 1

€9 89

{7 Equation Mainn|

”

K

E

0 2 0 B 10 2 14
< > time {s}
[Butput | av
Simulation Running... ~
Simulation stopped sfter 0.001 seconds.  Model calculations: 76 Number of output points: 76
======= Finished Simulation - 0 errors, 0 warnings =======
v

The simulation results of our equation mainmodel.

22. From the File menu click Save.

If you had problems running a simulation, load the model Equation Mainmodel from the

Getting Started\Equation Models section of the library.
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23. Now go back to the Editor.

5. Equation Models

24. Click on the small triangle of the Variables pane at the right of the Editor or drag

the pane to the left:

File Edit View Inset Model Drawing Setings Tools Help

DnktE2 OO=<bibh « 4

) f b

Model . dmhadd n

— model

Library
parameters
real m

= 1kgt;
real g

real K

[N SN

1]

]

.0 {N/m};
real f 1]
variables

real v {m/s};
real
real Fm
Fs
Fd
equations

{N};
{N};
{N};

/7

real

real

g
v=(1/m)
x int( v ,
Fs = K * x;
Fd = £

0

vy

Interface  Icen  Globals 4 ¥ Qutput Process Find
4 equations
2 variables
2independent states
The model has 0 errors and 0 warnings.

Model processing succeeded

Model processing succeeded

// mass
{m/s2};

{N.s/m};
// velocity

interesting x {m};
// net-force applied to the mass

// damper force

- Fs - Fd;
* int( Fm ,

VRN X —

/7 gra
/7

v a
constant

H

ion parameter if

(S ]

// pos

u_o

ng force

0

This will show the Variables pane showing you all the parameter and variable values.

File Edit View lnsert Model Drawing Settings Tools Help
No:EHD >BD ¢ RV T RN X rm—
Model  Library ) fp €+ qm}oadd x
= modd parameters B[S SroieE
real m = 1.0 {kg}; // mass m: 1.0
real g = 9.8 {m/s2}; // gra g: 9.8
real K = 2.0 {N/m}; // spri K: 2.0
real £ = 1.0 {N.s/m}; // fr  £: 1.0
variables
real v (m/s}; // vel v: -0.03192600033892510e
real interesting x {m}; // X: -4.92666942350472
real Fm {N)}; // net-force a Fm: 0.0852648473483638
real Fs {N}; // spring forc Fs: -9.85333884700944
real Fd {N}; // damper forc Fd: -0.031%26000338925106
equations
Fm = -m * g - Fs - Fd; Fm: 0.0852648473483€38 m: 1.0 g: 9.§
v={(1/m) * int( Fm , 0 )| v: —0.031926000338925106 m: 1.0 Fm:
x=int( v, 0); x: —4.92666942350472 v: —0.031926000
Fs = K * x7 Fs: -9.85333884700944 K: 2.0 x 4]
Fd = £ * - ¥ Fd- -0 _N3192ANNN3IIARG2SINA F- 1 0 w-
< > < >
Inteface  lcon | Globals 4 ¥  Output  Process Find av
4 equations "
2 veriables
2independent states
The model has 0 errors and O warnings.
Maodel processing succeeded v
Model processing succeeded
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5. Equation Models

5.3 Equation Submodel

Differential Equations

In the second part of this lesson you will learn how to enter the equations of motion of a
simple pendulum in an equation submodel. If we transfer all equations to the hingepoint
with angle theta, the equations of motion of a simple pendulum can be described as:

m-|2-s2.theta = T - c-s-theta - m-g-I-sin(theta)
or
s2:theta = (T - c's-theta)/(m-12) - g/I-sin(theta)

with:

theta pendulum angle (rad)

applied torque on the pendulum (Nm)
pendulum length (4 m)

pendulum mass (0.25 kg)

friction at the pendulum hinge (0.1 Nms/rad)
gravity constant (9.8 m/s?2)

@ o g—4H

Written as first order differential equations:

theta_dot_dot = (torque - c-theta_dot)/(m*I2) - (g/l)-sin(theta);
theta_dot = int(theta_dot_dot);
theta = int(theta_dot);

The input variable is the applied torque and the output variable is the pendulum angle
theta. This equation submodel will be used in a block diagram model as shown below. A
square wave dgenerator will act as torque and the signal monitor block will catch the
output angle theta.

Pendulum Submodel

Tarque Angle
o PendulumSubmodel i

A pendulum submodel implemented by equations.

Entering Equations

These equations can be entered in 20-sim directly as equations. We will use an equation
submodel. A submodel means that the model has input or output signals to connect it
with the outside world.

1. Open 20-sim.

Make sure that 20-sim is in Debug Mode.
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5. Equation Models

2. Select File, New and Graphical Model.

The right part of the Editor will now allow you to graphical models. That is why we have
named this part of the Editor the Graphical Editor. The Graphical Editor will change into
an Equation Editor if we go to the deepest level of any model.

3. Go to the left of the Editor and click the Library tab.
4. Drag the following library models to the Graphical Editor:

model library model
Library\Signal\Sources WaveGenerator-Square
Library\Signal\Block Diagram SignalMonitor

5. Select the SignalMonitor submodel.

6. From the right mouse menu or from the Model menu select the Properties
command.

7. Change the name of the model to Angle and click OK.
8. Rename the other submodel to Torque.

The Editor now should look like:

File Edit View Insert Model Drawing Settings Tools Help
DoaeES QO=<Db 44
Model  Library Wew ANAEEA £ &
~ ). Library

Bond Graph

Iconic Diagrams

Signal

Examples

Getting Started Manus

develapment

jeE
[
w >
<&
N\
B
®
I

Inteface lcon  Globals & ¥ Output Process Find av
Pasting...

Delete the selection
name
Causality assignment completed successfully

Drag and drop models from the library to the Graphical Editor.

If the submodel names are not shown, select a submodel and from the right mouse
menu choose Show Name and Bottom.

9. Put the mouse pointer in between the two submodels. From the right mouse menu or
from the Insert menu select Empty Submodel.

This adds an empty submodel.

10. Rename the new Submodel to PendulumSubmodel (right mouse menu - Properties).
Use the right mouse menu to show the name at the bottom.
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The Editor now should look like:

B9 20-sim Editor

5. Equation Models

File Edit View Inset Model Drawing Setings Tools Help

Model  Library Rew AMNBBARE Labn-
~ | Library
Bond Graph
Iconic Diagrams
signal
Examples
Getting Started Manua
development

PendulumSubmodel @
- } angie

Torque

Interface  Icon  Globals 4 ¥ OQutput Process Find

name

Causality assignment completed successfully

Pasting...
Delete the selection

DotE: QON=<bbh «td s fLés @9 5
» =

Drag and drop models from the library to the Graphical Editor.

11. Make sure that the PendulumSubmodel is selected.
12. From the right mouse select Edit Interface.

This will open the Interface Editor.

im Interface Editor on: Submodel

DoE +¢X ¢4 ©

Submodel General  Port Relations  Source Text

TypeSubmodel

name

0K Help

The Interface Editor is used to define input and output signals.

In the Interface Editor, you can define the model interface. We are going to define two

signals: one input signal (Torque) and one output signal (Angle).
13. Change the Name to PendulumSubmodel.
14. From the Edit menu select Add Port.
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15. Choose the following settings:

Items
Name

Type
Orientation
Quantity

Your Interface Editor should now look like:

File View Edit Help

~ = PendulumSubmodel
m signal port!

name

B 20-sim Interface Editor on: PendulumSubmodel

NoE #¢8 +4 @

Values
torque
Signal
Input
torque

Name: torque

Type: @ Signal

Orientation: @ Input

O lIconic Diagram (O Bond Graph

Size:[] Matrix of [1 | rowsand  [1 | columns

(O Output

Quentity: torque

Unit:| newton meter

Type: [real

ok

The input signal represents a torque.

16. From the Edit menu select Add Port.

17. Now choose the following options:

Items
Name

Type
Orientation

Quantity

Getting Started with 20-sim 5.1

Values
theta
Signal
Output
angle

5. Equation Models

39



Your Interface Editor should now look like:

B 20-sim Interface Editor on: PendulumSubmodel

File View Edit Help

Dod #¢8 ¢§ @
v = PendulumSubmodel
W signal torque
m signal port!

Orien

name

Quantity: [angle ~]

Description:

Name: [ theta

Type:® Signal O Iconic Diagram O Bond Graph

Size[] Matrix of [1 | rowsand [T | columns

tation: O Input @ OQutput

Unit:radian ~]

Type [ real ~]

oK Help

The output signal represents an angle.

18. Close the Interface Editor by clicking the OK button.

5. Equation Models

Now we have defined the Interface of our equations submodel. Next we will change its

appearance.

13. Make sure that the PendulumSubmodel is selected.

14. From the right mouse select Edit Icon.

Now the Icon Editor will be opened:

I 20-sim lcon Editor

Fle Edit View Drewing Help

nalhe

¥

20-5im 4.9 (c) 2021 Controliab Praducts

DokE2 <Bb @

B AANEBARE Labh - B= &

B.

The Icon Editor is used to create custom made model icons.

In the Icon Editor, you can change the icon of the model. As you can see, a default icon
has been generated. The terminals (dots in the center, indicating where the signals
connections should be) are already available. We are only going to enlarge the gray

square.
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5. Equation Models

21. In the toolbar of the Icon Editor, click the left arrow % to change to selection
mode.

22. Select the gray box.

Four orange squares, indicating the corners of the box, will now be visible.

23. While the square is still selected, go to the colorbar at the bottom of the Icon Editor.
24. Point the mouse on the color yellow and click the right mouse button.

Now the square should have a yellow background and a black border (with the left
mouse button the border color can be selected).

25. Select the text (name) in the middle of the square.

26. From the right mouse menu, click Properties.

A text editor pops up.

27. Change the default text to Pendulum Submodel and click OK.

28. Select the square and drag the corners until it is large enough to contain the text.
29. Select the text Pendulum Submodel.

30. Click the keyboard arrows to move the text to the center of the square (press the
Shift button while dragging for fine movements).

31. Click on the small squares in the middle, representing the input signal (torque) and
the output signal (theta) and drag them to the borders of the square.

Now the icon should look like:

% 20-sim lcon Editor = o X
File Edit View Drawing Help

DakHEHS <hib @

KWe AANBBALRE Labh- W= &

Pendulum Submodel 0

¥ | EEEET

20-5im 4.9 (c) 2021 Controliab Products B..

The black squares indicate the connections for the input and output signal.

32. From the File menu select Exit. A pop-up window will ask you to update the graph
first. Choose Yes.
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5. Equation Models

You Editor will now show the yellow icon. So far we have given the model an icon and an
interface. Now we are going to enter its implementation in the form of equations. Look at
the taskbar at the top of the Graphical Editor. The taskbar contains buttons create
connections, draw lines and more.

¥ g8 = = W% O A AN J Y W

Wen APMBIBARE L&D = &

Fendulum Submaodel IE‘
) ) Angle

Tongue

The taskbar of the Equation Editor with the selection mode selected.

33. In the taskbar, choose the left button . This is the Selection mode button.
34. Select the PendulumSubmodel.
35. From the Model menu select the Go Down command.

The submodel has no implementation. A window will therefore pop-up, asking you what
kind of implementation you would like.

36. Select equation submodel.

Now an empty Equation Editor will be shown:

B 20-sim Editor - O

Fle Edit View |nset Model Drawing Settings Tools Help

DokER O0xhbh «¢ T LR 7 | —
Model  Library R

~ | Library ‘
Bond Graph
Iconic Diagrams
Signal
Examples
Getting Started Manual
development

[T R T

Inteface lcon  Globals 4 ¥  Output Process Find av
Pasting

Delete the selection
Pendulum Submodel

Causality assignment completed successfully

The submodel has an empty implementation.

We will enter the differential equations that where at the start of the topic.
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37. Copy the following equations to the Equation Editor.

parameters
reall = 4.0 {m};
realc = 0.1 {N.m.s/rad},;
real g = 9.8 {m/s2};
real m = 0.25 {kg};
variables
real theta_dot_dot {rad/s2};
real theta_dot {rad/s};
equations
theta_dot_dot = (torque - ¢ * theta_dot)/(m*I~2) - (g /1) * sin( theta );
theta_dot = int ( theta_dot _dot, 0 );
theta = int ( theta_dot, 0);

You model should now look like:

38.

39.

EA 20-sim Editor

File Edit View |nsert Model Drawing Settings Iooks Help
NDatEd: QOx<hE « ¢
Model  Library W) Mt e deh add n

v Ui Library parameters

Bond Graph real 1 = 4.0 |m);
Iconic Diagrams

Signal real ¢ = 0.1 {N.m.s/rad};
Examples real g = 9.8 {m/s2};
Getting Started Manual real m = 0.25 {(kg};
development variables
real theta_dot_dot {rad/s2};
real theta dot {rad/s};
equations
theta_dot_dot = (torgue - ¢ * theta_dot)/ (m*1"2)
theta_dot = int ( theta dot_dot , 0 );
theta = int ( theta dot , 0);

Qutput | Process  Find
Checking quantities and units..
Checking states and rates..

Interface  Icon | Globals 4 ¥
Checking arithmetic types..
Checking sorting order..

Pendulum Submodel
The model has 0 errors and 0 warnings.

The model has 0 errors and 0 wamings.

sl s RQ@L &

5. Equation Models

= (m) x

(g /1) *sis

The submodel is implemented by equations.

From the Model menu select the Check Submodel command. Now the submodel
will be checked. If any errors are found, a message window pops up.

Return to the main model level of the hierarchy: From the Model menu select the
Go Up command.

Now we have completed our equation submodel. The only thing that is left is to connect
it to the other models.

40. In the taskbar, choose the second left button 2|, This is the Connection mode

41. Select the submodel Torque and then the submodel PendulumSubmodel.

Now a signal should be visible pointing from Torque to PendulumSubmodel.
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5. Equation Models

42. Connect the submodels PendulumSubmodel and Angle.
Now your model should look like:

B 20-sim Editor

Eile Edit View lnsert Model Drawing Settings Tools Help

= [m] X
DatEd: ON<hBE «¢ 3§ sfne s @ 5
Model | Library Rew AMNBBARE LaD- B S
~ | Library
Bond Graph
Iconic Diagrams
signal
Examples
Getting Started Manual
development

IE‘ Pendulum Submodelts
Tarquz N B

i

Inteface  lcon | Globals 4 ¥  Output Process Find av
Checking quantities and units..
Checking states and rates..
Checking sorting order..
The model has 0 errors and 0 warnings. v
PendulumSubmodel\theta -> Angletinput

The equation submodel connected to the other models.

43. From the Model menu select the Check Complete Model command.

Now the complete model will be checked. If the model is correct at the bottom of the
Editor the Process tab should show a message indicating 0 errors and 0 warnings:

4 ¥ Qutput ;__Pruce
Checking quantities and units...
Checking states and rates...
Checking arithmetic types...
Checking sorting order...
The model has 0 errors and 0 warnings.

glelinput

The results of a model check are shown in the Output tab.
If any errors are found, a message window pops up, showing the errors which 20-sim
has found. You can click on the error in the Process tab to highlight the corresponding
equation.
44, If any errors occur, try to solve them.

45. From the File menu click Save as. Store the model in a temporary directory (e.g.
C:\temp) using the name EquationSubmodel.emx.

If you had problems running a simulation, load the model Equation Submodel from the
Getting Started\Equation Models section of the library.

Simulation
We have entered the model and proceed with the simulation.
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5. Equation Models

46. In the Editor toolbar from the Model menu select the Start Simulator command.
This opens the Simulator window. We will proceed with this window.

47. In the Simulator toolbar from the Properties menu select the Parameters
command and change the default parameter values to:

Torque\Amplitude 4
Torque\omega 0.1
PendulumSubmodel\l 4
PendulumSubmodel\c 0.
PendulumSubmodel\g 9.
0.

PendulumSubmodel\m

N G ~

5

Note that 20-sim will sometimes use prefixes like m (= 0.001), when working with units.
The value of PendulumSubmodel\c may therefore be indicated as 100 m N.m.s./rad.

48. From the Properties menu select the Run command and change the default values

to:
Start 0
Finish 100
Method Runge-Kutta 4
Step Size 0.1

49. From the Properties menu select the Plot command.

50. Select the Plot Properties tab and change the Plot Title to Equation Submodel.
51. Select the Y-axis tab.

The variable Angle\plot is automatically selected.

52. Change the label to Angle.

53. Click the Add Curve button.

This opens the Variable Chooser which helps you to select another variable that should
be plotted.

54. Select the variable Torque \output from the list and click the OK button.
55. Change the label to Torque.

56. De-select the Shared Y-Axes option.

57. Close the Plot Properties Editor by clicking the OK button.
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58. From the Simulation menu select the Run command to start the simulation. The
result should look like the figure below.

PR 20-sim Simulator
Properties  Simulation Tools Help
E@ B v?w» /WK Mibw HE @ & @
[ Plot Windows Equation Submodel
~ [[] Window 1 2

= Angle {rad}
Equation Subi
B B ™ = Torque {N.m}

o 10 20 30 40 50 60 70 E} 90 100
< > time (s}

Model ealculatians: 4021 Number of output points: 1009 Average steps per second: 1(
d Simulation - 0 ertors, 0 warnings ===z ===

Finishe

v
< >

The simulation results of the equation submodel.

59. From the File menu click Save.

60. In the Simulator, click on the Distribute Curves button (see below).

Tools Help
Wi WK T E R R 9

Equation SUBMOdE

g I B

With this button, you can separate the curves each into one plot with a shared x-axis. If
you click on the Distribute Curves button again, you will see the two curves in a single
plot with a shared y-axis. If you click on the Distribute Curves button again, you will see
the original plot.

If you had problems running a simulation, load the model Equation Submodel from the
GettingStarted\Equation Models section of the library.
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6. Block Diagrams

6 Block Diagrams

6.1 Block Diagram Mainmodel

Differential Equations

We consider the mechanical system that was also use for the equation main model. In
this lesson on you will learn how to describe this system with a block diagram.

) (

f FH K

m +r———-

A mass with spring and damper.

The mechanical system can be described by the following set of differential equations:
E,=-m-g-F-F,

1
V= ;J.Fm dt
F=K-x=K[vdt
F,= 1,
Block Diagram Model

Drag and Drop

These equations can be entered in 20-sim using a block diagram. We want to obtain the
following block diagram.

Block Diagram model of the mechanical system.

1. Open 20-sim and select File, New and Graphical Model and make sure that 20-
sim is in Debug Mode #-.
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The right part of the Editor will now allow you to enter graphical models. That is why we
have named this part of the Editor the Graphical Editor.

2. Go to the left of the Editor and click the Library tab.
3. Drag the following library models to the Graphical Editor:

model library model
Library\Signal\Sources Constant
Library\Signal\Block Diagram Attenuate
Library\Signal\Block Diagram Integrate (2x)
Library\Signal\Block Diagram Gain (2x)

4. Select the Constant model. From the Model menu select the Properties command.
This will open the Model Properties Editor.

5. Rename the model to Fg.

6. Do so with all the models until your Editor looks like:

B 20-5im Editor on: Block Diagram Mainmedel.emx

File Edit View Inset Model Drawing Setings Tools Help

NoeER O0xBBh « ¢ VRN X —
pse o Koy ANMMAE Lab W= &
5
: L]
]

Intefface lcon  Globals 4 ¥ Qutput
Causality a
Checki
Checking c
Causzlity assignment completed successfully

Causality assignment completed successfully

You can give block diagram elements useful names.

Connections

7. In the taskbar, choose the second left button (the mouse pointer with line). This
is the connection mode button 7.,

8. Select the model Fg (left mouse click on top of the Fg model) and then the model m
(left mouse click on top of the m model).

Now a signal should be visible pointing from Fg to m.
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9. Enter the other connections until your Editor looks like the figure below. You can
make intermediate points (the corners of a connection) by quickly clicking the left or
right mouse button, while dragging.

If you have problems making connections please note that there are two way to make a
connection: tapping mode and pressing mode. With the tapping mode you click the
left mouse button at the first model (do not keep it pressed but quickly "tap" the button)
and keep tapping until the second model is reached. With the pressing mode you press
left mouse button on the first model and keep it pressed until the second model is
reached. Intermediate points in pressing mode are made by clicking the right mouse
button.

I 20-sim Editor on: Block Diagram Mainmaodel.emx

Eile Edit View lnsert Model Drawing Settings Tools Help

NOLER ONXDD €445 2 FA 2 B Qouwmn 5

Model | Library Rew AMNBBAE LaD- %S &

v--xm:de\
=
K

Inteface  lcon | Globals 4 ¥  Output Process Find
Causality essignment completed successfully A
Checking
Checking causality.
Causzlity zssignment completed successfully v

t completed successfully

Xloutput -> Kiinput

Using the connection model button, you can create connections between elements.

If you want to change there position of the models or connections, you have to switch to
the selection mode " button. You can switch to selection mode by clicking left button
(the mouse pointer) of the taskbar. Make sure to switch back to connection mode "2 to
make the other connections.

Splitters
10. Click on the middle of the signal pointing from the submodel v to x.

A splitter will be inserted.

11. Make a connection from the splitter to the model f.
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6. Block Diagrams

Your model should look like:

B 20-5im Editor on: Block Diagram Mainmedel.emx

Model  Library
~ = model

Interface  Icon  Globals

name

SplitterT\output2 - flinput

File Edit View Inset Model Drawing Setings Tools Help

DOREDS OOx<Dbh €t 4= 2 #4427 B Qumm &
W =

Rea AANEBARE Lan-

A Y Ouput Process Find
Causality assignment completed suceessfully
Checking causality..

Causality zssignment completed successfully
Checking causality..
Causzlity zssignment completed successfully

Plus Minus

12.

13.

Click on a signal to insert splitters.

Click on the K model to start a connection and then click on the middle of the signal
pointing from the submodel Fg to m.

20-sim will open a dialog asking you to insert a multiplication or addition. Select the
PlusMinus option and select the minus sign.
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14. Repeat this action by making a connection from the f model to make your Editor

look like:

Model  Library
v = model
w F
= Fg
“ K
% m
v

Inteface  Icon  Globals

name

foutput -> PlusMinus2\plus2

Eile Edit View lnsert Model Drawing Settings Tools Help

Datdz O

I 20-sim Editor on: Block Diagram Mainmaodel.emx

BB 4 T IR YA T Errrrra—
Bew AAEBAE L& ®-

Output  Process  Find
co

Causality assignment completed successfully v

if you end a connection on another connection 20-sim will insert a multiplication or addition.

Compiling

15. From the Model menu select the Check Complete Model command.

Now the complete model will be checked. If the model is correct at the bottom of the
Editor the Process tab should show a message indicating 0 errors and 0 warnings. If any
errors are found, a message window pops up, showing the errors which 20-sim has

found.
equation.

You can click on the error in the Process tab to highlight the corresponding

16. From the File menu click Save as. Store the model in a temporary directory (e.g.
C:\temp) using the name Block Diagram Mainmodel.emx.

If you have problems creating the model, load the model Block Diagram Mainmodel from
the Getting Started\Block Diagrams section of the library.

Simulation

17. In the Editor toolbar from the Model menu select the Start Simulator command.

This opens the Simulator window. We will proceed with this window.

18. In the Simulator toolbar from the Properties menu select the Parameters
command and change the default parameter values to:

Fg\C
m\K
K
K\K

-9.8
1
1
2

Getting Started with 20-sim 5.1 51



6. Block Diagrams

19. From the Properties menu select the Run command and change the default values

to:
Start 0
Finish 15
Method Euler
Step Size 0.2

20. From the Properties menu select the Plot command.

21. Select the Plot Properties tab and change the Plot Title to Block Diagram
Mainmodel.

22. Select the Y-axis tab and click Choose to open the Variable Chooser.
22. Select the variable x\output from the list and click OK.

23. Set the following values:

Tick Style Properties

Tick Style Diamond Closed
Min. Distance (pixels) 2

Color Red

Scaling

Scaling Manual

From -10

To 10

25. Close the Plot Properties Editor by clicking the OK button.

26. From the Simulation menu select the Run command to start the simulation. The
result should look like the figure below.

PR 20-sim Simulator

File View Properties Simulation Tools Help

H2 B ¢owm )/ MKMW HE B £ @

[ Plot Windows Block Diagram Mainmodel
v [ Window 1 1o
[A) Block Diagram 1|

B 8
< > time {s}

ions: 76 Number of output points: 76 Average steps per second: 38000

v

The simulation result.
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27. From the File menu click Save.

If you had problems running a simulation, load the model Block Diagram Mainmodel
from the Getting Started\Block Diagrams section of the library.

6.2 Block Diagram Submodel

Pendulum

In the topic Equation Submodel, we have found that a pendulum can be described by the
differential equations:

theta_dot_dot = (torque - c-theta_dot)/(m*I2) - (g/l)-sin(theta);
theta_dot = int(theta_dot _dot),;
theta = int(theta_dot);
We can also describe these equations with a block diagram. The input variable is the

applied torque and the output variable is the pendulum angle theta. The corresponding
block diagram is shown below:

ctheta_dot

theta_dot_dot theta_dot

[aMtsinithets)

Block diagram model of a pendulum.

In the block diagram a square wave generator acts as torque and the signal monitor
block catches the output angle theta. Block diagrams tend to grow complex easily when
more elements are involved. To keep a good overview, hierarchy must be used. In this
model the elements of the pendulum part (inside the green square) will be hidden in a
submodel as shown below. Still the square wave generator will act as torque and the
signal monitor block will catch the output angle theta.

Pendulum Submode!

Torque Angle
e FendulumSubmode! 4

Pendulum as a block diagram submodel.

1. Open 20-sim.
2. Make sure that 20-sim is in Debug Mode.

Getting Started with 20-sim 5.1 53
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3. Try to create the block diagram at the top of this topic yourself or load the model
Block Diagram from the Getting Started\Block Diagrams section of the library.

To make a submodel out of all the elements in the green square we first have to select
all these elements. A multiple selection (i.e. more than one element selected) is easy in
20-sim. Two methods can be used:

o Keep the Shift key pressed while you click your mouse pointer on various elements.

e Press your left mouse button and keep it pressed while you drag the mouse pointer
diagonal down (you are creating a square). As you move the mouse, you will see a
square and every element in the square will be selected. Now you can release the
left mouse button.

4. In the Editor select all elements that are in the green square.

Your Editor should now look like (only the models Torque and Angle not selected):

IR 20-sim Editor on: Block Diagram.emx

Eile Edit View lnsert Model Drawing Settings Tools Help
DakHEH ESLELERE R R
n

Model | Library e AANEBS AR L&

~ = model

@ Angle
e
=9
=
—m
sinus

7] square
theta_dot

7] theta_dot_dot
] Torque
Interface | | Globals & ¥
Output | Process  Find av
Causality 2ssignment completed successfully
Causality assignment completed successfully

Drag a rectangle over an area to select multiple element.

5. From the Edit menu select Implode.
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6. Block Diagrams

This will make all selected elements, part of a new submodel. Your model should now
look like:

6.

-sim Editor on: Block Diagram.emx

File Edit View Inset Model Drawing Setings Tools Help

DeokE2 OOx<bh ¢ § efne s Q@ &
R B =

. @

Model  Library Reg ANEBARE L&
v =i model
@ Angle
Submodell
2] Torque

Submodel1

Submodeit

Inteface  Icon  Globals & ¥

Output  Process  Find

Causality essignment completed successfully

Submodell

Use the Implode command to combine the selected elements into one submodel.

Select the new submodel and click Go Down (Model menu).

This command will show us the inside of the submodel. It should look like:

-sim Editor on: Block Diagram.emx

File Edit View Inset Model Drawing Setings Tools Help

Model  Library Reg ANEBARE L& &
v (=l model

[ Angle crtnats_ant
v~ Submodell

[ /] theta_dot_dot
| Terque

Inteface  lcon | Globals 4 ¥
Output | Process  Find
Causality essignment completed successfully

Submodell

DokE O CERENL | sfhés RO &

The implementation of the submodel is a block diagram.

As you can see, 20-sim has added ports (p/us and output) automatically that connect the
submodel to the outside world.

7.
8.

Click Go Up (Model menu) to go to the highest model level.

Select the new Submodel and change its name to PendulumSubmodel (select

Properties from the right mouse menu).

Getting Started with 20-sim 5.1
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6. Block Diagrams

9. Select the new Submodel and open the Icon Editor (select Edit Icon from the
right mouse menu).

In the previous topic is explained how you can use the Icon Editor to change the
appearance of a submodel.

10. Change the icon until it looks like:

[ 20-sim Editor on: Block Diagram Submodel.emx
File Edit View Insert Model Drawing Settings Tools Help
p - . B A =
DatEe O Db et vFE el RO &
Model  Library Wew AAENA £ @
v - model
£ Angle
we PendulumSubmodel
[ Torque
Pendulum Submodel
Torquz PendulumSubmode! Angle
Interface  Icon  Globals av
Output  Process  Find av
Causality assignment completed successfully

With the Icon Editor you can create custom made model icons.

11. From the Model menu select the Check Complete Model command.

Now the complete model will be checked. If the model is correct at the bottom of the
Editor the Process tab should show a message indicating 0 errors and 0 warnings. If any
errors are found, a message window pops up, showing the errors which 20-sim has
found. You can click on the error in the Process tab to highlight the corresponding
equation.

12. From the File menu click Save as. Store the model in a temporary directory (e.g.
C:\temp) using the name Block Diagram Submodel.emx.

If you had problems running a simulation, load the model Block Diagram Submodel from
the Getting Started\Block Diagrams section of the library.

Simulation
We have entered the model and proceed with the simulation.

13. In the Editor toolbar from the Model menu select the Start Simulator command.

This opens the Simulator window. We will proceed with this window.
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14. In the Simulator toolbar from the Properties menu select the Parameters
command and change the default parameter values to:

PendulumSubmodel\c\K 0.1
PendulumSubmodel\g\K 9.8
PendulumSubmodel\I\C 4
PendulumSubmodel\m\C 0.25
Torque\amplitude 4
Torque\omega 0.1

15. From the Properties menu select the Run command and change the default values

to:
Start 0
Finish 100
Method Runge-Kutta 4
Step Size 0.1

16. At the left of the Simulator, in the tree select plot under Windows1 and change its
name to First Plot (right mouse menu - Rename).

Now your Simulator should look like:

P 20-sim Simulator

File View Properties Simulation Tools Help
H2 B s2wmw/ KKIIPPr AE B & @
[ Plot Windows First Plot
~ [[] Window 1 10
~ [A] First Plot

¥ Angle

fime s}

{Output |

20-sim 4.9 (¢) 2021 Controllab Products B.V.

The Simulator with one plot and one curve entered.

17. In the tree at the left click on Window 1 to select it.

18. From the right mouse menu select Add Plot - Plot and change its name to Second
Plot (right mouse menu - Rename).
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Now a second plot will be visible.

19.

20.

21.

Simulator

File View Properties Simulation Tools Help

H2 B s2wn/ WK

[T Piot Windows
v [ Window 1
~ [ First Plot
¥~ Angle
> Second Plot

{Output |

10

b HE B £

6. Block Diagrams

First Plot Second Plot
10
8
13
4
2
0
2 8 10 L] 2 8 10
time {s} time {s}

|20-sim 4.9 (c) 2021 Controllab Products B.V.

The Simulator with the second plot entered.

Give the plot a green color.

Now the Plot Properties should look like:

Plot Propertics X

PlotProperties X-Axis Y-AXiS

Torque

Variable Name:

Add Curve Delete Curve

[Toraueloutout

| | choose

Label

[Toraue

‘ 41 5how Unit

Line Properties

Tick Properties

Line Style: Tick Stye:
Order
Nare -
QOzero
Thickness: Min. Distance (ixels):
I:Z = - @First PR -~
Multpication/Offset
Vem*(Y+a)+b
m[1 [0 | b0
scaling Shared Y-Axis
O manual ® Automatic
Opost O dip to Bounds
From: To:
[0 = [ =
= = Hep
Show Vaiues
oK Cancel

Entering a plot title and hiding it for display.

22. Close the Plot Properties by clicking OK.

Getting Started with 20-sim 5.1

In the tree, select the second plot. From the right mouse menu, select Plot
Properties.

Click on the Choose button to select the variable Torque\output and change the
Label to Torque.
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6. Block Diagrams

23. In the tree at the left click on Windowl1 to select it.
24. From the right mouse menu select Tile Plots - Tile Vertical.
25. Run a simulation

Now the Simulator should look like:

n Simulator

File View Propetties Simulation Tools Help

He D ¢2wn/ MKDPPWw IE B @0

[T Plot Windows First Plot

v [ Window 1
~ [ First Plot

:
i dngle ) )
7 Second Plo ﬂ ANNANADN /\[\/\/\/\ [\/\/\Uf\

(VAVALVAVALVAVIAVIAVERS

0 10 20 30 0 50 0 i3 EY B 100
time {s}
Second Plot
3
2
1
0
0 10 20 30 ) 50 £ i B B 100
time {s}
{Output | av

Starting Simulation in Debug Mode - Arch:AVX2

Simulation Running...

Simulation stopped after 0.004 seconds.  Model calculations: 4021 Number of output points: 1009 Average steps per second: 1005250
======= Finished Simulation - 0 errors, D warnings =======

The simulation results of the block diagram submodel.

30. From the File menu click Save.

If you had problems running a simulation, load the model Block Diagram Submodel from
the Getting Started\Block Diagrams section of the library.

Getting Started with 20-sim 5.1 59



7. Iconic Diagrams

7 Iconic Diagrams

7.1 Iconic Diagram (Electric)

In the previous lessons you have learned the basics of 20-sim and how to enter equation
models and block diagram models. In this lesson you will learn how to enter iconic
diagram models. In the first part an electric network will be entered and simulated. With
help of this model, the importance of the View menu for iconic diagram models will be
explained. After that a mechanical system will be entered and simulated.

1. Open 20-sim and select File, New and Graphical Model and make sure that 20-
sim is in Debug Mode -,

The right part of the Editor will now allow you to enter graphical models. That is why we
have named this part of the Editor the Graphical Editor.

2. Go to the left of the Editor and click the Library tab.
3. Drag the following library model to the Graphical Editor:

model library model
Library\Iconic Diagrams\Electric\Sources VoltageSource
(DC)

The VoltageSource model has multiple implementations: DC and AC. When you drag and
drop the model to the Graphical editor, you are asked which implementation should be
used.

4. Choose the implementation DC.

You can always change the implementation by using the right mouse menu: select the
model, right mouse menu, choose implementation.

5. Drag the following library model to the Graphical Editor:

model library model
Library\Iconic Diagrams\Electric\Sources VoltageSource
Library\Iconic Diagrams\Electric\Components Inductor
Library\Iconic Diagrams\Electric\Components Resistor
Library\Iconic Diagrams\Electric\Components Capacitor
Library\Iconic Diagrams\Electric\Components Ground

6. Select the VoltageSource model. From the Settings menu select the Submodel
command.

This will open the Model Properties Editor.

7. Rename the model to Voltage.
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8.

Fle Edit View Insert Model Drawing Settings Tools Help

Do so with all the models until your Editor looks like:

VoltageSource (DC)

— a I~ &
DebHEHR IO CEIEIR AR R R XA
Model | Lirary Bimm AN A L& o
> [ Actustors e
4 ) Components =
Capacitor F
) Currentsensor |=
Diode Fa'a'at 1
* DoubleSwitch z Insuetor Resister =
= . Gopsaiar
Inductor
£
® noce oo, T
Opamp. P
Potentometer  ~ -
E) Fe—r— S R | G
Interface | Icon | clobals » v [ output [ process | Find| s

Opening file c:\Program Files (x86)\20-sim 4 2|Models\Lbrarycoric Diagrams Eh =
Opening file c: Program Fies (<36)\20-sim 4 2Models\Librar yfconic Disgrams el —
Opening file c:\Program Fikes (x86)\20-sm 4, 2\Vodels\Libraryconic Diagrams b _

[l F—— v

Drag and drop models from the library.

7. Iconic Diagrams

As in the figure above, leave a lot of space between the models. Otherwise some
effects, explained later in this topic, might be hard to spot. Every iconic diagram model
has one or more terminals to allow connections with other models.

9.

Ele Edt View Insert Model Drawing Settings Tools Help

The terminals will be visible as open and closed rectangles:

VoltageSource (DC)

g 2 A~ a
DoaE2 O CENENR #iflh e 2 R
Model | Library Wiew [ AN WA & @

> 2 Actuators - -
4 [ Components (==
Capacitor B
) Currentsensor  |=
 Diode i & I
© DoubleSwitch + s == ._“_u
lmmm 5 Gopacitar
Inductor 3
® hoce Vaitsge =
opamp fote]
+ Potentometer  ~ -
LI Fe—r—— R S ) v
Interface | Icon | Gobals 4 7| output | Process | Find o

Opening file c:\Program Fies (x86)\20-sim 4 2\Models\Librarylcoric Diagrams el =
Opening file c:\Program Files (x86)\20-sim 4. 2\Models\Lbrarylcoric Diagrams\El —|
Opening file c:\Program Files (x86)\20-sim 4 2\Models\Library coric Disgrams Eh _

l i J v

Use the View menu to show the terminals of the models.

To show these terminals, from the View menu click Show Terminals.

10. In the taskbar, choose the second left button @ (the mouse pointer with line).

This is the connection mode = button.

11. Select the model Voltage and then the model Inductor.

Now a connection will be created between the two submodels.

Getting Started with 20-sim 5.1
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12. Enter the other connections until your Editor looks like the figure below. You can
make intermediate points (the corners of a connection) by clicking the right mouse
button, while dragging.

Ele Edt View Insert Model Draming Settngs Tocls |Hel
DetE: © CHIEIR AR 48 XAl ML
Model | Library Roenl| A A A L& &

- [ Actators B

4 [ components
Capacitor
rrent

i |
* Doublesni p !
b5 indictor Resistor i

™ Inductor
iy
@ riode Valtage =
OpAmp
+" Potentiometer il -
“ I v v

Interface | Icon | Globals “ ¥ | output | Process | Find LT

Capaditor p_low -> Ground p1 -
stringatp

Ground p2 -> Voltage p_low m
< i

Capacitor p_low |-> Ground p1

The complete model.

13. From the Model menu select the Check Complete Model command.

Now the complete model will be checked. If the model is correct at the bottom of the
Editor the Process tab should show a message indicating 0 errors and 0 warnings. If any
errors are found, a message window pops up, showing the errors which 20-sim has
found. You can click on the error in the Process tab to highlight the corresponding
equation.

14. From the File menu click Save as. Store the model in a temporary directory (e.g.
C:\temp) using the name IconicDiagramModelElectric.emx.

If you have problems creating the model, load the model Iconic Diagram Electric from
the Getting Started\Iconic Diagrams section of the library.

Simulation

15. Select the Start Simulator command from the Model menu in the Editor window.
This opens the Simulator window. We will proceed with this window.

16. In the Simulator window, select from the Properties menu the Parameters
command and change the default parameter values to:

Voltage\U 1Vv
CapacitorC 1u
Resistor\R 10
Inductor|L im

17. From the Properties menu select the Run command and change the default values

to:
Start 0
Finish le-3
Method Backward Differentiation Formula (BDF)
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18. From the Properties menu select the Plot command.

19. Select the Plot Properties tab and change title to Iconic Diagram Electric.
20. Select the Y-axis tab and select the variable Capacitor\p.u for plotting.

21. Change the label to Capacitor Voltage.

22. Close the Plot Properties Editor by clicking the OK button.

23. From the Simulation menu select the Run command to start the simulation. The
result should look like the figure below.

[ 20-sim Simulator

Eile

v Properties Simulation Tools Help
Holly $2wm /7 W ibiewlde e

] Window 1 Iconic Diagram Electric
A Iconic Diagram Elec
05 = Capacitar Valtage {}

0 00002 0.0004 00008 0.0008 0001
< [0 3 time {s}

Output Dw

Starting Simulation

Simulation Running...

Simulation stopped after 0,021 seconds. Model calcuiations: 370 Number of output points: 144 Average steps per second: 17¢ ~
« M »

20-sim 4.2 (¢) 2011 Contrallab Products B.V

The simulation results for the electric circuit.

As you can see, creating a model and starting a simulation is easy in 20-sim. If you
have problems creating the model, load the model Iconic Diagram Electric from the
Getting Started\Iconic Diagrams section of the library.

7.2 View Menu
In this topic we will give some more insight into the model of the electric circuit.

1. If you had problems creating this model, load the model Iconic Diagram Electric
from the Getting Started\Iconic Diagrams section of the library.

2. Go to the Editor.

Across and Through

In iconic diagrams, connections describe the flow of energy from one model to another.
This flow of energy can be characterized by two variables, of which the product is power.
These variables are called across (a) and through (t). The across and through
variables make up a combination that is typical for a physical domain. For electrical
networks these variables are voltage and current. In 20-sim we can inspect the
across and through variable of every connection.

3. Put your mouse pointer on top of a connection, until a little window pops up.
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It should look like the figure below (don't worry when the values are different, these are

just example values):

Model | Library

Fle Edt View Insert Model Drawing Settings Tooks

DotHEH2 O

Help

BBl d

Ben [ ANAB S AR L&

Ll il Al N

> 2 Acuators
4 |3 Components
Capagitar
) Currentsensor
Diode
+ DoubleSwitch
+
- Inductor
@ Node
.- CpaAmp
+ Potentiometer
P b

Inductor

E? 5

Voitage

T

Interface | Icon | Globals *

Inductor p_low |-> Resistor p_high

Qutput | Process | Find

10 equations
8 variables
2independent states

The model has 0 errors and O warmings.

If you put your mouse pointer on top of a connection, the corresponding values are shown.

As you can see, the connection has a voltage (across) of 993 [mV] and a current
(through) -39 [uA]. Across variables (voltages in this model) in the top level of a model,
are always defined with respect to a single global reference of 0 V. This means that the
voltage is defined with respect to the ground.

Through variables, like the current in this model, are always defined with respect to the
models they are connected with. 20-sim automatically assigns an orientation for these
through variables. This orientation can be made visible by selecting the Orientation Info

command of the View Menu.

4. From the View menu enable the option Show Terminals (click it until the option is

enabled).

5. From the View menu click the option Orientation Info (click it until the option is

enabled).

Your model should look like:

122 20-sim Editor on: Iconicl

Fle Edit View Insert Model Drawing Settings Tools

Model | Library

DaedES O

Help

BBl ¢

Ll

Rep AANEEAR L&

> 2 Actuators
4 [ Components
Capacitor
» Currentsensar
 Diode
* DoubleSwitch
.
Tnductor
@ toce
.~ Opamp
+ Potentiometer
< i

b

[

) F——

Interface | Icon | Gobals

Inductor p_low |- Resistor p_high

Output | Process | Find

10 equations
8 variables

2independent states

'The model has 0 errors and 0 warnings.

With the View menu you can show the orientation that 20-sim has chosen for positive currents.
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The arrows indicate the direction of the positive currents. Now you will understand why
open and closed rectangles are used to indicate the terminals. Open rectangles will
have an outward oriented positive current and closed rectangles will have an inward
oriented positive current. In the previous figure of this topic we saw a current value of i
= -39 [uA]. With the given orientation this means a current i = 39 [uA] flowing from the
resistor to the inductor.

Internal Description

6. From the View menu select Port Names Info.
7. Drag the Inductor model to the bottom, to have a better view of the port names.

Your model should have all ports (input signals, output signals or power ports) indicated
by their name:

Model | Lirary Rl ANEBAR L&h
> 12 Actuators B -
4 ) Components
Capacitor

Currentsensor =

Diode + +, +,

DoubleSwitch + = : i
Lo ; esistor Capacitor
 Inductor . \‘NV\%/ .

@ fiode Voltage
-+ CpAmp

+ Potentiometer  ~ -
T

«
Interface | Tcon | Globals 4 | output | Process | Find o

Fa'a'as 8 variables
2 independent states
The model has 0 errors and 0 warnings.

Inductor

With the View menu you can show the port names.

8. Select the model Inductor.

9. Click the F1 key or from the Help menu click Current Selection to open the help
file.

As the help file explains this model has one port p with two terminals p_high and p_Jlow.
These terminals are the points where the connections with the other models are made.
Therefore p_high.u and p_Jlow.u are the voltages on both sides of the inductor (the plus
sign in the model indicates the high voltage):

p.i = p_high.i = p_low.i;
p.u = p_high.u - p_low.u;

p.u is the internal voltage difference and p.i is the current that flows through the
inductor. The internal equation of the inductor is

p.i = (1/L)int(p.u);
10. From the Model menu click Go Down.

Now we see the internal model description. In 20-sim we can inspect the value of every
variable in an equation model.

11. Put your mouse pointer on top of a variable, until a little window pops-up.
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It should look like the figure below (don't worry when this value is

an example value):

(@ 20-sim Editor on: IconicDiagramMo

Fle Edt View Insert Model Drawing Settings Tooks Help

OBEEHB O0O0=<BB| ¢ NS 2 R

m H) Mt A {mboadd n
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* DoubleSwitch
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Interface | Icon | Globals * 7 | output | Process | Find o

10 equations.
AN 8 variables
2independent states
[The model has 0 errors and 0 warnings.
Inductor
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different, this is just

Put your mouse pointer on any variable, to inspect its value.

As you can see the voltage p.u is 6.72 [mV] which means:

p.u = p_high.u - p_low.u = 6.72 [mV];

12. From the Model menu click Go Up.

13. From the Model menu select Show Variables.

14. In the Variable Chooser window, select the Inductor model.

Now you can see all the variables of the inductor model.

hiodel Hierarchy Variables
= m;‘ Name Walue Quaniiy Unit
i
Lo Yenu  6.72738657025707 (v} _Electic Potentia vkt
ICED Vg p_highi -39 DESB076175763 (A} Electic: Cunent ampe,
Resistor " p_highu 1{v} Electric: Potential volt
Volags Vg p_lowi -39 DBSB07ET 75763 (A} Electic Cunent ampe,
Vg p_lowu  993.272613429743 () Electric Polential vkt
‘epi -39 0553078175763 (b} Electric Cunent ampe,
Fopidet  B72738657025707
R —— »
Voo [T Expand Vestors/Matiices
Shaw Variables
oK
Variables States/Rates F—r—
[¥] Alias Variables (7] Dependent/Algebraic
] Hidden Variables

Variable values can also be inspected in the Variable Chooser.

Note that p_low.u = 993 [mV] (equal to the voltage we found at the start of this topic),
p_high.u = 1.0000 [V] and again p.u = 6.72 [mV].

Causality

15. Close the Variable Chooser.

16. From the View menu de-select all options and select Causality Info.

Getting Started with 20-sim 5.1
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Your model should look like:

File Edit View Insert Model Drawing Settings Tools Help

DorE= O Bnhle BN s RO
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Interface | Icon | Globals o W i
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2independent states
‘The model has 0 errors and 0 warnings.

T

Inductor

The causal order of the model equations can be visualized with the Causality Info option.

The arrows at the connections show the computational direction of the voltages and
currents. This computational direction is called causality. The numbers show the order in
which the causality is computed in 20-sim. For the Inductor model this means that at
both sides current is computed as function of the voltages. Combining the previous
findings, we can conclude that the following equations are derived:

p.u = p_high.u - p_low.u
p.i = (1/L)*int(p.u);
p_high.i = p.i;

p_low.i = p.i;

As you see with Causality Info command you can manually inspect computational order
of your model equations. This might be helpful when 20-sim has problems finding the
correct computational order and you have to find the cause of these problems.

As you have seen the View menu of the 20-sim Editor is an important aid for
understanding an iconic diagram. We advise you to use the options of this menu, as
much as possible, when creating iconic diagrams. In the next section we will create a
simple mechanical system. We will apply the options of the View menu, to correctly
interpret the simulation results.
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7.3 Iconic Diagram (Mechanical)

In this topic you will learn how to enter a simple mechanical system in the form of an
Iconic Diagram. We consider the mechanical system of the figure below.

) (

t K

m +—-———-

Spring damper system.
This system can easily be transferred into the iconic diagram model shown below.

vy FieediWor:

Mass

Fg
The equivalent 20-sim model.
1. Open 20-sim and select File, New and Graphical Model and make sure that 20-

sim is in Debug Mode #&.

The right part of the Editor will now allow you to enter graphical models. That is why we
have named this part of the Editor the Graphical Editor.

2. Put the mouse pointer in the middle of the Graphical Editor.

3. From the right mouse menu or from the Insert menu select Insert, Knot and
Node.

This adds a an iconic diagram node.

4. Insert a second node.
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10.
11.

12.
13.

14.

15.

7. Iconic Diagrams

Drag the following library models to the Graphical Editor:

model library model
Library\Iconic Diagrams\Mechanical\Translation\Components Damper
Library\Iconic Diagrams\Mechanical\Translation\Components FixedWorld
Library\Iconic Diagrams\Mechanical\Translation\Components Mass
Library\Iconic Diagrams\Mechanical\Translation\Components Spring
Library\Iconic Diagrams\Mechanical\Translation\Actuators Force

Select the Force model and rename it to Fg (select Settings menu and Submodel
command).

Do so with all the submodels and use the names given in the iconic diagram at the
top of this topic.

Select the FixedWorld submodel.
From the Drawing menu select the Rotate Left command.
Do the same for the Spring, Damper and Fg submodels.

Select the Fg submodel. From the right mouse menu select Show Name and
Right.

Do so with all the other submodels.

From the View menu select Show Terminals. Now your model should look like:

rt Model Drawing Settngs Took Help
= - @ |
FelElkS L A
R AABB AR L&
b Fg By FixedWarid
| Fixedworld
Mass
Spring
» noger
% . % s
» rogez
-
ﬂ;‘ il
« [ v
Interface | Icon | Globals * 7 | output | Process Find
B Nainmodel
Damper

All the models have been dropped in the Graphical Editor.

In the taskbar, choose the second left button "# (the mouse pointer with line).
This is the connection mode "#| button.

Select the model Fg and then the model Mass.

Now a connection will be created between the two submodels.
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16. Enter the other connections until your model looks like:

Insert Model Drawing Settings Tools |Help |

DBeE2 00 - hD ¢ . lefl

Mode! | Library Weg [ ANAB S AL L&
“E 2
Damper FixedWorld |
lF 3
— Fixediorld -
Mass
Spring
Danper
' &
< E
Interface | fcon | clobals | [ Qutput | Process | Find LT
B \ainmodel Checking causality -
Causality assignment completed successfuly
Checking causalty... =
Causality assignment completed successfuly I

Nodel

With the proper connections the model is ready for simulation.

The connections of an iconic diagram represent the power flow between the components.
The power flow in iconic diagrams is always characterized by two variables, across and
through (in this model velocity and force). The velocities are all defined with respect to a

general reference (fixed world, v = 0). The forces are defined with respect to the
various components.

17. From the View menu select Orientation Info.

Your model should look like:

File Ec Insert Model Draming Settings Tools Help
] 2 =
DoatE2 O R RIEY AT
Mode! | Library Weg [ ANAB S AL L&
“E -
Damper FicedWorid T
lF £
— Fixediorld 4
[=] Mass
Spring
Darper
4
' &
<[ v
Interface | fcon | lobals|  * 7 | output | Frocess | Find ov
B \ainmodel Checking causality -
Causality assignment completed successfuly
Checking causalty... =
Causality assignment completed successfuly el

Nodel

With the View menu you can show the orientation that 20-sim has chosen for positive forces.
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The orientation of the forces is now shown in the Editor by the little arrows —+F+ and
+r+, When the arrows point inwards —+rF+, this means a positive force will pull both
ends of the connection together. When the arrows point outwards =+r+, this means a
positive force will push both ends of the connection outwards.

The connection between the Fg model and the Mass model show outward pointing
arrows =f+ ., This means that a positive force will push the mass upwards and a
negative force will pull the mass down. To generate a pulling gravity force we will
therefore use a negative force value in the next topic.

18. From the Model menu select the Check Complete Model command.

Now the complete model will be checked. If the model is correct at the bottom of the
Editor the Process tab should show a message indicating 0 errors and 0 warnings. If any
errors are found, a message window pops up, showing the errors which 20-sim has
found. You can click on the error in the Process tab to highlight the corresponding
equation or submodel.

19. From the File menu click Save as. Store the model in a temporary directory (e.g.
C:\temp) using the name IconicDiagramModelMechanical.emx.

If you have problems creating the model, load the model Iconic Diagram Mechanical
from the Getting Started\Iconic Diagrams section of the library.

Simulation

20. In the Editor toolbar from the Model menu select the Start Simulator command.
This opens the Simulator window. We will proceed with this window.

21. In the Simulator window, select from the Properties menu the Parameters
command and change the default parameter values to:

Damper\d 1

Mass\m 1

Spring\k 2

Fg\F -9.81

22. From the Properties menu select the Run command and change the default values
to:

Start 0

Finish 15

Method Euler

Step Size 0.2

23. In the From the Properties menu select the Plot command.

24. Select the Plot Properties tab and change the title to Iconic Diagram
Mechanical.

25. Select the Y-axis tab and click Choose to open the Variable Chooser.
26. Select the variable Spring\x from the list and click OK.
27. Change the label to x.
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7. Iconic Diagrams

28. Set the following values:

Tick Style Properties

Tick Style Diamond Closed
Min. Distance (pixels) 2

Color Red

Scaling

Scaling Manual

From -10

To 10

29.Close the Plot Properties Editor by clicking the OK button.

30.From the Simulation menu select the Run command to start the simulation. The
result should look like the figure below.

Ele View Properties Smuaton Tools Help

Ho B sewm d wi v e | @

[T window 1 Iconic Diagram Mechanical
» 1A Iconic Diagram 1| 10

‘ o 2 4 L 8 10 12 14
<o B time st

Cutput ‘ 8v

simulation Running. .. -
Simuiation stopped after 0,002 seconds. Model Mumber of outputpoints: 77 Average steps per 5
=====~==Finished Simulation -0 errars, 0 warnings == -

J '

20-sim 4.2 (c) 2011 Controlab Products B.V.

The simulation results.

31. From the File menu click Save.

If you have problems creating the model, load the model Iconic Diagram Mechanical
from the Getting Started\Iconic Diagrams section of the library.
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8 Bond Graphs

8.1 Bond Graph Model

In the previous sections you have learned how to enter equation models and block
diagram models. You have also learned how to enter hierarchy into a model. In this
lesson we will explain the basics of bond graph modeling in 20-sim. The lesson is meant
for users interested in bond graph modeling. If you are not interested in bond graph
modeling, we advise you to skip this section and continue with iconic diagrams.

Bond Graph Model
We consider the mechanical system of the figure below.

) (

t 4 K

m +—-———-

A mass with spring and damper.

This system can easily be transferred into the bond graph model shown below.

C spring

Se = 11 R friction
Fg

£

| ma=s

Bond graph model of the mass-spring-damper system
1. Open 20-sim and select File, New and Graphical Model and make sure that 20-
sim is in Debug Mode %,

The right part of the Editor will now allow you to enter graphical models. That is why we
have named this part of the Editor the Graphical Editor.

2. Put the mouse pointer in the middle of the Graphical Editor.

3. From the right mouse menu or from the Insert menu select Insert, Knot and
OneJunction.

This adds a 1-junction.
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6.

8. Bond Graphs

Right click on this 1-junction and select the Show Name menu and the None

command to hide the name of the 1-junction.
Go to the left of the Editor and click the Library tab.

Drag the following library models to the Graphical Editor:

model library model
Library\Bond Graph C
Library\Bond Graph I
Library\Bond Graph R
Library\Bond Graph Se

Select the Se model. From the Settings menu select the Submodel command.

This will open the Model Properties Editor.

7.

8.

Rename the model to Fg. Do so with all the submodels and use the names given in

the bond graph at the top of this topic.

Select the C model and from the right mouse select the Show Name menu and

the Right command.

This will put the element name to the right of the element.

9.

10.

11.

Do so with the other elements (except for the Se element) until your model looks

like:
B 20-sim Editor
File Edit View Insert Model Drawing Settings Tools Help
DoktE:2 ON<Mbh 4 #fre s RO
{ Model | Library Wem AP AE L&D W= &
v = model
se Fg
R friction C sping

I mass
€ spring

Se 1 R fation
2

Interface  Icon  Globals 4 ¥  Output Process Find
Pastin

Delete the selection
W=D Delete the selection
Delete the selection
Delete the selection
Causality assignment completed successfully

The bond graph elements in the Editor.

In the taskbar, choose the second left button "2 (the mouse pointer with line).

This is the connection mode = button.

Select the model Fg (left mouse click on top of the element) and then the 1-junction

(left mouse click on top of the element).
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This will create a connection between both elements:

File Edit View Insert Model Drawing Settings Tools Help
. S A A
DotEe ONx<DbH « 4 #fhes RO &
Model  Library Rew AMNBIRAE Lan B-S &
v = model
Se Fg
R friction g so
1 mass
€ spring
Seo————u AR fztn
Fg
.
(mass
Interface | lcon  Globals 4 ¥ Output Process Find av
Delete the selection ~
Delete the selection
B Delete the selection
Starting at p
Fq\p -> OnelunctionZ\pl M
Causality assignment failed at: Fg\p -> OneJunctionZ\p1

8. Bond Graphs

The red color of the bond indicates a conflict. In this case more bonds need to be inserted.

The bond is drawn red, which means causality could not be assigned. Don't worry! This
is because 20-sim has an on-line causality assignment and notices there is only one

bond connected to the 1I-junction.

12. Create a bond between the 1-junction and the submodel spring.

Now your model should look like:

File Edit View Insert Model Drawing Settings Tools Help
DatdEs ON<DD « ¢ # 4 I
Model | Library Rew AABMBMARE Lapn-%-S
v (=] model
Se Fg
R friction C spig
I mass
€ spring
Se ————i1 R et
7
| mass
Interface lcon | Globals 4 ¥ Output Process Find
Delete the selection
Delete the selection
L Starting at p
Fg\p -> Onelunction2p
Onelunction2\p2 -> spring\p
Causality assignment completed successfully

$7 RO &

@

The orange stroke indicates a non-preferred causality.

The bond to the € model has an orange causal stroke. This means that the C model in

this configuration has a non-preferred causality.
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13. Enter the other connections until your model looks like:

B3 20-sim Editor = [m] X
File Edit View Inset Model Drawing Settings Tools Help

DeakEH2 O CEI=RE K R e s R QL5
Model  Library W AAESA P @

v = model
se Fg
R friction )
1 mass

C spring

—0

Se ————A1 ———— R 1in
3

g

Interface  lcon  Globals 4 ¥  Output Process  Find av
Starting ot p "
- Fg\p -> Onelunction2\pl
Onelunction2\p3 -> friction\p
Onelunction2\p4 -» mass\p o

Causality assignment completed successfully

The complete bond graph model.

14. From the Model menu select the Check Complete Model command.

Now the complete model will be checked. If the model is correct at the bottom of the
Editor the Process tab should show a message indicating 0 errors and 0 warnings. If any
errors are found, a message window pops up, showing the errors which 20-sim has
found. You can click on the error in the Process tab to highlight the corresponding
equation.

15. From the File menu click Save as. Store the model in a temporary directory (e.g.
C:\temp) using the name BondGraphModel.emx.

If you have problems creating the model, load the model Bond Graph Model from the
Getting Started\Bond Graphs section of the library.

Simulation

16. In the Editor toolbar from the Model menu select the Start Simulator command.
This opens the Simulator window. We will proceed with this window.

17. In the Simulator window, select from the Properties menu the Parameters
command and change the default parameter values to:

friction\r 1

Fg\effort -9.81

Mass\i 1

Spring\c 0.5

18. From the Properties menu select the Run command and change the default values
to:

Start 0

Finish 15

Method Euler
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19.
20.
21.
22.
23.
24.

25.

26. From the Simulation menu select the Run command to start the simulation. The

Step Size 0.2

Select from the Properties menu the Plot command.

Select the Plot Properties tab and change the title to Bond Graph Mainmodel.

8. Bond Graphs

Select the Y-axis tab and click Choose to open the Variable Chooser.

Select the variable spring\state from the list and click OK.
Change the label to x.
Set the following values:

Tick Style Properties

Tick Style Diamond Closed
Min. Distance (pixels) 2

Color Red

Scaling

Scaling Manual

From -10

To 10

Close the Plot Properties Editor by clicking the OK button.

result should look like the figure below.

R 20-sim Simulator
File View Properties Simulation Tools Help
R
He B é2wm/ WKOMe» HE B £ 0
[T Piot Windows Bond Graph Mainmadel

~ [ Window 1 10
> [/ Bond Graph Mainmodel

[
time {}

{ Output {

Starting Simulation in Debug Made - Arch:AVX2

Simulation Runnin

Simulation stopped after 0.001 seconds.  Model calculations: 76 Number of output points: 76
======= Finished Simulation - 0 errors, 0 warnings =======

20-5im 4.9 (<) 2021 Controllab Products B.V.

The simulation results.

27. From the File menu click Save.

If you have problems creating the model, load the model Bond Graph Model from the
Getting Started\Bond Graphs section of the library.
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9. 3D Mechanics Toolbox

) 3D Mechanics Toolbox

9.1 3D Mechanics Toolbox

The 20-sim 3D Mechanics Toolbox provides you with the tool that makes 3D dynamic
modeling easier, the 3D Mechanics Editor.

Bodies

You can create 3D models by dragging bodies in a 3D workspace. The representations of
each body can be changed to a sphere, block, cylinder etc. Furthermore, colors can be
changed and descriptions can be added. The size and shape of a body are merely for
representation, a body is fully characterized by its inertia coefficients and mass.

@ File Edit View Tools Actions Window Help RS

DeE=bR o0 |¥L+0|[FEEBE RSB
| ™3 Model | 1 Lbrary [ @ CarModel.3dm | @ hexapod 3dm | @ Trpod 3dm | @ Robot Jam |

LS i & [

en
" @) Posti

> (V) Velosity

(&) Acceleralion

[J] JacobiareMatis (5]

B ctuators

> B Powerpatt

> 52 Signal

=
Bryant(0, 0, 61.5] {Degrees} 0 0.4 02{m}

‘K </ »|MhMessages [ |«

Ready NUM

The 3D Mechanics Editor helps you to create 3D models easily.

Joints

Bodies are interconnected by the use of joints. Several joints are present in the library,
divided in two groups, rotational joints and translational joints. These joints can also be
drag and dropped on the workspace. Constraints can be added to create closed loop
systems like four bar mechanisms or Stewart platforms.

Interface

The user interface has 4 different modes in which you can select, connect, translate and
rotate bodies and joints. Much effort is done to keep the graphical user interface as
natural as possible. Multiple views are supported. Besides the 3D environment, you can
see 2D intersections in the xy xz, and yz plane.

Models

The 3D Mechanics Editor can generate a 20-sim model from your 3D model. This 20-sim
model comprises all dynamics and kinematics of the model. Forces can be applied to the
joints or on to each body directly. You can also couple springs and dampers from the
mechanics library in 20-sim, to the joints, because the whole model is port-based.
Gravity can be set as an external force. Eventually, the dynamic response of the
complete model can be shown by the 3D Animation Editor.
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9. 3D Mechanics Toolbox

9.2 Double Pendulum

Introduction

In this section we will use the 3D Mechanics Editor to create the model of a double
pendulum. In this editor you can define the geometry of the pendulum and inspect the
possible movements. From the 3D Mechanics Editor we will generate a 20-sim model that
incorporates the equations of motion and a 20-sim scenery for the animation of the
pendulum.

The pendulum model that we will create has actuated joints. This means we can apply a
torque to the joints. In 20-sim, we will insert the pendulum model and connect passive
actuation through dampers. After that we will simulate the model and show a 3D
Animation, to see how the damping affects the pendulum behavior.

Inserting Components

1. Open 20-sim and select File, New and Graphical Model.

2. In the Editor from the Tools menu select 3D Mechanics Toolbox and 3D
Mechanics Editor.

A 3D mechanics model will be inserted in the Editor and the 3D Mechanics Editor will be
opened:

1 3D Mechanics Editor - [MechanicsModel]

BB File Edit View Tools Actions Window Help el x|
O d| %P =|BEEES

"3 Model T2 Ubrary B8 Mechanicshodel1

) Bodies ~

(5-D0F)

(B) Position/Orientation
QW) velocity
(&) Acceleration w

LEBE AP

No Selection

Representation:

o=
Show Fre 01 2{m}

M4 [ MpMessages /|

Ready NUM

The 3D mechanics Editor.

Like the Editor, the 3D Mechanics Editor consists of several parts:

e Model / Library section: This is the part at the middle left. The Model/ tab opens the
Model Browser which shows a hierarchical composition (all the elements) of the
model that is created in the 3D Mechanics Editor. The Library tab opens the Library
Browser which shows all the objects that can be used.

e Object Properties: This is the part at the right that in the picture above shows "No
Selection". As soon as an object is selected, it will show the name of that object and
allow you to change the object properties.
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9. 3D Mechanics Toolbox

o Object Representation: This is the part at the right that in the picture above shows
"None". As soon as an object is selected, it will show the name of that object and
allow you to change its representation.

e Graphical Editor: This is the space with the checker board at the right. In this editor
you can drag objects and create models.

e Messages tab: This is the part at the right bottom, where all messages are shown.

The Editor has several modes of operation which are indicated by the buttons at the right

of the editor:

butto mode
n

description

=, Translation Mode Use this mode to translate selected objects

Re Rotation Mode

Use this mode to rotate selected objects

oy Connection Mode Use this mode to connect objects

Y Camera
Movement

Use this mode to change the camera view

You can choose to make objects transparent:

butto mode

n

& Ghost Mode for
Bodies

c@ Ghost Mode for
Joints

) Ghost Mode for
Sensors /
Actuators

description
Click this button to make all bodies transparent
Click this button to make all joints transparent

Click this button to make all sensors and actuators
transparent

The Editor is in translation mode, which is suited for dragging and dropping components.
We are going to insert the necessary components to construct a double pendulum.

3. Click on the Library tab.

4. In the Library click on Bodies - Body and drag it to the Graphical Editor (the

checker board).

The first body that is inserted in the Graphical Editor will be fixed to the floor and will not
move during simulation. Our pendulum will be attached to this body.

5. Click on Edit Body button (at the left) to open the Body Properties.

6. Rename the body to Base.
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7. Select the Is Fixed World option.

9. 3D Mechanics Toolbox

Body Properties

Iz Fixed World
hinge
point reference center
of mass
Body Properties
Body Mame: ase
Inertia Properties: Edit
More >> Help

hinge
poirit

Current Position

Position

Orientation

Locked

Cancel

Use the Body Properties dialog to change the name of a body, its position and mass parameters.

8. Click the Position button and change the position to (x = 4,y = -4, z = 0).

9.

Position
¥
Expression () Edit
¥
Expression (_) Edit
E
Expression (_) Edit
cancl

Set the position of the body.

Close the Body Properties.
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Your 3D Mechanics Editor should now look like:

I 3D Mechanics Editor - [MechanicsModel1]

BB File Edit View Tools Actions Window Help —|@| x|

Dod><DBONKL @ =|FEEEB

"3 Model i Libray BB MechanicsModelt

W Bodies ~
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@ Joints

(I Rotation
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R
@ Translation
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@ = Free Moving (§-DOF)
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Acceleration .

Body Name: Base
Edit Body [ show Frame
sl

Description
No Description

Representation:  Block
=
eit.. | 7| Oshowrre 01 2{m

H/ 4| b | M}y Messages 1l

Ready NUM

The model tab shows that one body (Base) is fixed to the ground (indicated by the anchor).

10. In the Library tab click on Joints - Rotation - Actuated - X-rotation and drag it
to the Graphical Editor.

If a joint is selected, lines through the center of the joint indicate the possible
movements that you can make with the body. If you click the left mouse button you can
move the joint over the surface. If you press the Ctri-button while keeping the left
mouse button pressed, the body goes up and down.

11. Select the joint and place it next to the body like:

@ 3D Mechanics Editor - [MechanicsModel1] 5E
@ File Edit View Tools Actions Window Help AEIE
DodE><2RO0NR-20[EFEEHSH
(™3 Modl] = Lbray | | @ Mechanicsbode |

4 (ID Rotation
b (B Nondctuated

4 ) Actusted
(D %Rotation H

@D v-Rotation
S ZRotation
@ Hinge X Fotatiol
@ Hinge YFatatiol
@ HingeZ-Riatatio
I 8 Translation
(7D WweldJoint

ELL[E &4

ik i, ] v

Connection Name: ConnectionPoint: L
EditBody EditJoint =
[] Show Frame *

Description

Representation: Cylinder

=
)| Fshow || pos=149.-15.0.21¢m3 01 2im

M) 4| » | M\ Messages Iia 3

[{Reey

In Translation Mode you can move objects easily with the mouse pointer.
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12. Click on the Edit joint button to open the Joint Properties.

13. Rename the joint to Base_Arm1.

]

Joint Name; £

Connection Paints:

Connection o -
Create Connection

. ConnectionPaint1
. ConnectionPaint2

E dit Mame:

Position

Orientation

Initial Fotation: 0 {Degrees} [ Locked

o) (o) )

Double clicking a joint will open the Joint Properties Dialog.

14. Close the Joint Properties.

15. Insert two more bodies and another actuated joint (X-rotation) and rename the
bodies to Arm1 and Arm2 and the joint to Armi1_Arm2.

Now the 3D Mechanics Editor should look like:

Mechanics Editor - [Mechanicshodel1]

B8 File Edit View Tools Actions Window Help

Dod<bRONR:P=u|FEEES

TP Model 1 Lbrary BB MechanicsModelt

@ Body
@ Joints
v (I Rotation

> (1B Non-Actuated

&
R
v @ Actuated i
(D) x-Rotation
D v-Rotation
S z-Rotation @
“® Hinge X-Rotation @
4 Hinge Y-Rotation
# Hinge Z-Rotation ,, @
< > L |

| :
Body Name: Arm2
Edit Body O show Frame -
Osclo O ‘
0

Description
No Description

Representation:  Block
=
et | W] eronre e

M| </ »| M} Messages |

Ready

The model tab shows three bodies and two actuated joints.

NUM
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Creating Connections

16. Click on "#| to set the 3D Mechanics Editor in Connection Mode.
Now we can define the connections by clicking on the components.
17. Put the mouse pointer on top of the Base body and click the left mouse button.

Now a dotted line should appear between the body and the mouse pointer to indicate
that a connection is being defined between the body and a second component.

1 3D Mechanics Editor - [MechanicsModel]

BB File Edit View Tools Actions Window Help & x|
; © e | | Y, z
DodE><2DR0NXL & =(FHEHDR
D Model T Ubrary BB MechanicsModel1 ®
[0 Body ~ o
Ty Joints o
~ (I Rotation
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@D Y-Rotation
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@ Hinge X-Rotation @
4 Hinge Y-Rotation
# Hinge Z-Rotation
. . <
Body Name: Base .- i
Edit Body [shaw Frame b y : ‘
Sol
Dlsdo v - ™
Description
No Desaription
Representation:  Block
=
Edte. | B~ | showFre 01 24m
M 4| » M} Messages | 1]
Ready NUM

In Connection Mode you can create connections clicking the left mouse button.

18. Put the mouse on top of the Base_Arm1 joint and click again.

Now the connection is made and the Create Connection dialog is opened. In this
dialog you can define the position offset of the Base_arm1 joint with respect to the Base
body. As shown in the Create Connection dialog, every joint has two connections. We
will choose ConnectionPointl to start with.

19. Click on ConnectionPoint1.

20. Click on the position button and set the positiontox =0,y =0, z = 0.
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Now the Create Connection dialog should look like:

After a connection is made the Create Connection dialog is opened.

Create Connection

Create Connection To Body Base

Connection Points on Base_Arm1

Orientation
Use Current
Initial Joint Value
Help functionaiity

[Reference Frame Body
[Reference Frame Joint

[JReference Frame Connection

Position and Orientation in Body Coordinates

B o)

Bryant:(0, 0, 0] {Degrees}

Tnitial Value: I:l{ﬂegrees)

[ ransparent Body
[ ransparent Joint

oK Cancel

21. Click OK to close the Create Connection dialog.

9. 3D Mechanics Toolbox

Because we have set the offset position to zero, the Base_Arm1 joint has the same
position as the Base body. To better see the joint we can turn on the Ghost Mode for
Bodies, to make the bodies transparent.

22. Click on ‘£| to set the 3D Mechanics Editor in Ghost Mode for Bodies.

The 3D Mechanics Editor should now look like:

File

Mechanics Editor - [MechanicsModel1]

Edit View Tools Actions Window Help

ON KL #Fm [HEEEHS

O@ H
™2 Model 1 Lbray BB MechanicsModel1
@ Body

T Joints
+ (1B Rotation
(1B Non-Actuated
v @ Actuated

(D x-Rotation

@D v-Rotation
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“® Hinge X-Rotation
4 Hinge Y-Rotation
@ Hinge Z-Rotation .,

>

Ready

No Selection
Representation:  Cylinder
=
Edit Show Frz 01 2{m}
K| 4| b| M} Messages / 1l
NUM

Use the ghost modes to make objects transparent.
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23. Make the connections 2, 3 and 4 according to the table below:

Action First click Second click Position offset

1 Base Base_Arm1l x=0,y=0,z=0
2 Base_Arm1l Arm1l Xx=0,y=-2,z=0
3 Arm1l Arm1_Arm2 x=0,y=2,z=0
4 Arm1_Arm?2 Arm2 x=0,y=-2,z=0

The 3D Mechanics Editor should look like:

1% 3D Mechanics Editor - [MechanicsModel1]

B8 File Edit View Tools Actions Window Help =15] x|
DodE><DR(ON(R: & m|PEEES

" odel E Lbrary BB MechanicsModel1 R

A " =5

” mgﬁﬂmm Ro

M )

§ *ron %

2 e o @

- ﬁH\ngeZ-Rufahinv @

Cannection Name: ConnectionPoint2

Edit Body Edit Joint.

[Ishow Frame 'ﬁ -J

Osole (m]

.i“ﬁ_Tm;
i

=

Desaription
N Deserintion

on:  Cylinder
- =
[ show Frz 01 2{m)

M 4| b Ml Messages 7|

Ready

All bodies are connected with joints.

24. Click on ‘£| to turn off the Ghost Mode for Bodies.

Checking Motion
To see if the model was defined properly we can check it and see how it can move.
25. Click on .- to set the 3D Mechanics Editor in Translation Mode.

26. From the Actions menu, select Check Model.

The Message Dialog should show Analysis Completed Successfully. We will inspect the
possible motions of the mechanism.

27. Put the mouse pointer on top of the Arm1 body and click the left mouse button.
The Base_Arm1 joint will show an arrow that indicates positive rotation.
28. Keep the left mouse button pressed an move it up and down.

The body will now rotate around the joint.
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9. 3D Mechanics Toolbox

29. Repeat the movement with the Arm2 body to see its movement.

1 3D Mechanics Editor - [MechanicsModel]

BB File Edit View Tools Actions Window Help & x|

Dod=<Dal00¥ - ?=(BEEES

"3 Model T2 Ubrary B8 Vechanicshodsil

v B Actuated
({0 X-Rotation
@D Y-Rotation
§ 2Z-Rotation
@ Hinge X-Rotation
4 Hinge Y-Rotation
# Hinge Z-Rotation

<l >
Body Name! Arm2
Edtoody | [JshowFrame
sl

Deseription
Mo Desaription

LLE R

Representaton:  Block

M4 [ MpMessages /|

Ready NUM

If the model is correctly assembled, you can inspect the motion by dragging the mouse pointer.

30. Select Check Model from the Actions menu to reset the movement.

During the checking all joint angles will be reset to their initial value. Since we have not
changed the initial values (default = 0) the mechanism will return to its original set-up.

Updating to 20-sim

31. From the Actions menu select Generate 20-sim model.

A window will pop up asking you to store the model. 3D Mechanical models are stored in
a separate file with the extension 3dm. If you open a 3D Mechanics model from 20-sim,
this file will be read by the 3D Mechanics Editor.

32. Click Yes and store the model in a temporary directory (e.g. C:\temp) using the
name DoublePendulum.3dm.
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9. 3D Mechanics Toolbox

After the storage of the .3dm file the Code Generation dialog will be opened.

20-sim Cede Generation X
20-sim Model
HGenera te 20-sim Model =20
=i |
Model Fiename
‘ C:\temp\DoublePendulum. emx ‘ Browse
[CJuse Current Configuration As Initial Value
Additional Qutputs
[]P-vector [ Mass-Matrix
[pootvector (] Generalized veloaity (v) [Jcenter Of Mass

20-sim Scenery
[AlGenerate 20-sm Scenery m
[Jpon't Generate Joint Representations

Submodel Name to be used in 20-sim:
[ DoubiePendulm |

Scenery Fiename:

[ s\ poublependuum. scn | Bronse

Icon
Generate Icon

(@) Automatic () From File

In the Code Generation dialog you can enter the settings for the generation of a 20-sim model.

A number of options can be set in this dialog:

In

Model Filename: The 3D Mechanics Editor will automatically generate the equations
that describe the double pendulum. These equations are stored as a 20-sim
submodel.

20-sim Scenery: In 20-sim we will show the pendulum motion in an animation. The
animation is generated by the 3D Mechanics Editor and stored on file.

Submodel Name: The double pendulum will be loaded in 20-sim as a submodel,
with the name that can be entered here.

Icon: You can choose to make a snapshot of the model (automatic) or load an image
from file to be used for the model icon.

most cases the default entries will be sufficient. We will not make any changes.

33. Click OK to export the model to 20-sim.

34. Close the 3D Mechanics Editor.

35. You will be asked to save the model. Choose Yes to save it.
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Editor
The 20-sim Editor will be updated with the double pendulum model. It should look like:

IDaEeE (O
Model | Library

Ren AABMMAR £2

9. 3D Mechanics Toolbox

l[Ele Edit view Incert Model Drawing Settngs Toos Hep
=PH 48 edhes (@
N W= e

43 Library
b (3 Bond Graph
1 (2 Iconic Diagrams
[Q=EC]

I () Examples

b ) Tutorials

b ) Getting Started

< ]

Interface | Lcon | Globals * ¥ | output | process | Find

Model 1 -> C: Temp!PoublePendulum. emx
DoublePendulum -> C:\Temp \DoublePenduium. emx

DoublePenduium -> C: Temp|PoublePenduum.emx

The 20-sim model of the double pendulum in the Graphical Editor.

Now it is @ good time to store the model.

36.
37.

37.
38.

Save the model using the name DoublePendulumSimulation.emx.

Go to the Library tab and select the library Library\Iconic Diagrams

\Mechanical\Rotation\C

omponents.

Insert the model Bearing twice.

Connect the two bearing models with the Base_Arm1 and Armi_Arm2 ports of the
DoublePendulum submodel.

im Editor on: DoublePendulumSimulation, emx

File Edit View lnsert Model Drawing Settings JTools Help
P e L=
Doeds O LSRR § #fhes RO
Model | Library R ANAEBARE L& -
v L Library ~
| Bond Graph
v . lconic Diagrams
| Electric wu
| Hydraulics g
v 1 Mechanical Beanng
~ | Rotation
| Actuators Lecdr [ & BCH ]
v |\ Components e
Backlash s
5 | Bearing DoublePendutum
o Brake
i Clutch
* Damper
E FixedWorld
£ Friction
Lo I b
Interface lcon  Globals 4 ¥ Output Process Find av
Checking causality..
Causality assignment completed successfully
rEhE Checking causality...
Causality zssignment completed successfully
Bearing

You can connect two bearing models to the double pendulum.
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9. 3D Mechanics Toolbox

40. From the File menu click Save.
Simulation

41. From the Model menu click Start Simulator.

This will open the Simulator with a second window showing a 3D Animation with our
pendulum. You can now set the parameters values, choose an integration method, set
the plot variables etc. We will use the default parameter values and run a 3D animation.

E Tools Help
He S WKIPPWw IE < & @
[T Plot Windows

[ Window 1
~ [[] Window 2

_TF.

|14 b b0 0 %~

The 3D Animation window with the double pendulum scenery loaded.
42. Click the blue Run button to run a simulation

43. Click the green Run * button below the 3D Animation to replay the animation.

If you had problems creating the model, load the model DoublePendulumSimulation.emx
from the Getting Started\3D Mechanics Toolbox section of the library. You should see the
pendulum swinging during the simulation. Try to change the bearing parameters to find
the changes in the pendulum movement. You can click the Camera * button to change
camera views.

The pendulum model shows bodies as cubes with default sizes. A more elegant display
would result if we could define arbitrary shapes. Moreover, we used default mass and
inertia parameters. Both can be changed in the 3D Mechanics editor as will be shown in
the next lesson.
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9. 3D Mechanics Toolbox

9.3 Scara Robot

Introduction

In this lesson you will learn how to create and simulate the dynamic model of a SCARA
robot.

A Selective Compliant Articulated Robot Arm (SCARA).

e You will expand the knowledge learned from the previous lesson, by introducing
mass and inertia parameters and making a more elegant display.
e We will start by inspecting the robot, identify the links and mass and inertia

parameters. Then we will introduce the 20-sim model that will be used to simulate the
Scara robot. This model contains setpoint generators, controllers and drives that will
be connected to the robot.

e We will proceed by entering the Scara robot in the 3D Mechanics Editor. From the 3D
Mechanics Editor we will generate a 20-sim submodel that incorporates the equations
of motion of the Scara robot. From the 3D Mechanics Editor you can also generate a
20-sim scenery that describes the animation of the Scara robot.

e Finally the Scara robot model will be connected to the drives and simulated.
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9. 3D Mechanics Toolbox

Inspection

We start the modeling session by inspecting the Scara robot. The robot has a base with
arms that can move in the horizontal plane and a load that can move vertically. The
robot can thus be modeled using four bodies which are connected by joints. Between the
base and the first arm, a rotational joint is mounted, which can be actuated (indicated by
the torque T). Between the first and the second arm an identical joint is mounted.
Between the load and the second arm a translation joint is mounted, which is also
actuated (indicated by the force F).
lT arm1

arm1_arm2 G [¥—_  base_arm1

T
arm2_load
arm2

@ load I_”

Arms and joints of the Scara robot.

The robot model that we are going to create in the 3D Mechanics Editor will therefore
have to three power ports. Two power ports for the rotation joints and one for the
translation joint. To simulate the robot model, we have to connect actuators to these
joints.

Ixx =0.1 kgm?

A H ' lyy =0.02 kgm?®
' h ¥ z=02 kgm?
- 300mm > 400mm —— m=8kg
: —r
: - 100
m=23kg : S : I mm
N ' T
-, ;
soomm| Ay $ | 100 mm e .
i . ' ¥ ! Ixx =0.2 kgm?®
. « | y lyy=0.2kg m?
1o =0.01 kgm? g 7 Ixo¢ =0.05 kg I =004 kgm?
Iyy =0.01 kgm? lyy =0.01 kg m 9
lzz =0.0005 kgm* lzz =0.05 kgm® ("] Omm
m=05kg ¥ L m=6kg |
—» | «— 40mm H
r4

Loy
X

Geometrical parameters of the Scara robot.

The geometrical parameters and the masses and inertia's can be found in the design
drawings of the Scara robot. We will use the figure above.
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9. 3D Mechanics Toolbox

Components

The complete model that will be used to simulate the Scara robot is shown in the figure
below. The grey square with the local name robot is generated with the 3D Mechanics
Editor. It represents the mechanical structure of the robot. The rotation joints are by
driven electrical motors (modeled by ideal torque sources) with gearboxes. The
translation joint is driven by an electrical motor (also modeled by an ideal torque
source) with a spindle. The motors are controlled by PD controllers, which compare the
desired motion (given by motion profile generators) with the actual position of the robot.

setpoint! cormier?

-

setpointz cormiers

Gear?

Robat

Fetpoidd contolers

The 20-sim model of the drive system and the 3D robot model (grey).

1. Open 20-sim and load the model ScaraRobot from the Getting Started Manual\3D
Mechanics Toolbox section of the library.

2. Use File, Save As to Store the model in a temporary directory (e.g. C:\temp) using
the name ScaraRobot.emx.
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9. 3D Mechanics Toolbox

As you can see, this model contains the drives and controllers for the robot. Only the
mechanical part of the robot model is missing. We are going to create this part in the 3D

Mechanics Editor.

R 20-sim Editor on: ScaraRobot.emx

File Edit View lnsert Model Drawing Settings Tools Help

DeakHEHD BE -4t s s QL &
Model  Library Wom M e A L& @
v model Lk contrlert

] controllert

] controller2

] controller3

[ Gearl (dean)

| Gear2 (Ideal)

(<] post

5] pos2

'+ pos2

+ PositionSensorl
PositionSensor2

+. PasitionSensord

[ setpointl

[ setpoint?

[ setpoint3

= Spindle3

#+- TorqueActuator]

- TorqueActuator2

1+ TorqueActuator3

{interface | lcon  Globals & ¥ Output Process Find av

Opening file Di\Projects\20-sim\2 instaln\pa Started Manualh\3D Mechanics Toolbo

ﬁ’. < >
Causality essignment completed successfully

The 20-sim drive system model is already created: load ScaraRobot.emx.

3. In the 20-sim Editor from the Tools menu select 3D Mechanics Toolbox and 3D
Mechanics Editor.

This will insert a 3D Mechanics model in the 20-sim Editor and open the 3D mechanics
Editor. The dimensions of the Scara robot are rather small. Therefore we are going to
change the scaling of the 3D Mechanics Editor.

4. From the Tools menu in the 3D Mechanics Editor window select Model Settings.
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5.
show below.

Model Settings X

Gravity
Value and Direction:

X |n ‘y; ‘n ‘z; ‘Aa 81 |(mls2)

(O Hard Coded (fully optimized code)
@® As Parameter
O As Input Signal

Spring Dampers for Constraint Joints
[ Generate Spring Dampers for Constraint Joints

Rotation Spring: ANemjrady
Retation Damper: {N.m.shrad)
Transiation Spring: v}
Translation Damper {.sfm}

Thickness: {pxels)
e Ca—

Power Port Type
(®) Iconic Diagram () Bond Graph

Cancel

Reference Frames

e CER—
Grid
somes (5]

Show
Angle Representation
(ORadians (@) Degrees () Grads

Canstraint Solver

e — ‘
-

Changing the frame size.

6. Click OK to close the Model Settings dialog.

9. 3D Mechanics Toolbox

Change the Size of the Reference Frames to 0.1 and the Grid Size to 0.1 as

If the reference frame is too far away you can move the camera closer to the origin.

7. Change the Editor into Camera Mode (indicated by @\), press the Ctrl-key and
drag the mouse until a good view has been obtained.

Mechanics Editor - [MechanicsModel2]

B8 File Edit View Tools Actions Window Help

DodE <R O0R.P=PEEHB

B Model 2 Lbray

) Bodies
Body
@ Joints
(I Rotation
@ Translation
[0 weld Joint
= Free Moving (§-DOF)
Ak compliance
@ sensors
F) Position/Orientation
) veloity

Acceleration

-

No Selection

Representation:
Edit...

O~

Show Fre

BB MechanicsModel1 (88 MechanicsModsl2

1 4| »| M} Messages 1]

Ready

Use the Camera Mode to change the view.

G
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9. 3D Mechanics Toolbox

8. Return to Translation Mode (indicated by - ).

We are going to insert the necessary components to construct the Scara robot.

9. Insert the following components into the Graphical Editor and rename them
according the table below.

Action

NOuhWNR

Component
Bodies\Body
Bodies\Body
Bodies\Body
Bodies\Body

Joints\Rotation\Actuated\Z-rotation
Joints\Rotation\Actuated\Z-rotation
Joints\Translation\Actuated\Z-

translation

Now the 3D Mechanics Editor will look like:

1% 3D Mechanics Editor - [MechanicsModel2]

B8 File Edit View Tools Actions

D ®>d|
"} Mocel £ Lbray

@ Body ~
@y Joints
v (I Rotation
(1B Mon-Actuated

@ Actuated
v <@ Translation
=B Nan-Actuated
v & Actuated
8 X-Translation
@ Y-Translation

& 2Translation
(70 Weld Joint .

N Selection

Name
base

arml

arm2

load
base_armli
arml_arm2
arm2_load

Window Help 18]
OQ%K L F = BEEB
B8 WechanicsModel1 B Mechanicshodsl2 =
e
Ro
s
%
%
o

=
0 01 02{m

Ready

M4 » M} Messages /|

NUM

For the Scara robot we need four bodies and three joints.

Representation

To make the mechanism

look like a real Scara robot, we have to change the

representation of the bodies. We will use the geometrical parameters of the robot.

10. Select the base body.

The Edit button of the Object Representation (at the left of the 3D Mechanics Editor)
should now be active.
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9. 3D Mechanics Toolbox

11. Click on the Edit button to open the 3D Representation dialog.

General  Block Froperties

Chject Properties Representations

Lock Mavements

oK Cancel

oy
Transparent Solid Clsron Frame
Position [0, 0, 0] {m}
Orientation Bryant:[0, 0, 0] {Pegrees}

In the 3D Representation dialog you can change the looks of an object.

Using the 3D representation dialog, you can change the look of an object.

12. Change the representation of the base body according to the table below (action 1).

13.
14.
15.
16.

Action Body

1 base
2 arml
3 arm2
4 load

Size

x=0.1,y=0.1,z=0.5
x=0.1,y=0.5,z=0.1
x=0.1,y=04,z=0.1
x =0.04,y =0.04,z=0.5

Color

Green

Blue
Red

Orange

Representation
Block

Block

Block

Cylinder

Do so with the other bodies according to the table (actions 2, 3 and 4).

Double click on the base body which opens the Body Properties dialog.

Make sure this body is Fixed to the World.

Set the Position to x = 0, y = 0 and z = 0.25 and close the Body Properties

dialog.
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9. 3D Mechanics Toolbox

If desired, you can drag and drop the other bodies to a more favorable location like:

[ 3D Mechanics Editor - [MechanicsModel2]

BB File Edit View Tools Actions Window Help _l5| x|
e 0 | fY; z

O ®Hl Q@ Q[% L & m|HEEHES

U3 Model %y Library BB Vechanicshodsl1 B8 Mechanicshlodel2 =

W, Bodies :
B base E
W arm1
D arm2 )
D load

=3 Joints Féi

base_arm1

=8 T °
%5 am2_load

%Adush:rs @
- = L

No Selection

Representation:  Block |

=

i Show Fre 0 01 02{m)

M4/ » | M} Messages / 1l

Ready NUM

You can give objects arbitrary shapes and colors.

Parameters

The bodies still have default mass and inertia parameters. We will change them
according to the specifications given previously.

17. Double click on the arm1 body which opens the Body Properties dialog.

18. Click the Edit button of the Inertia Properties and change the parameters of the
arm1 body according to the table below (action 1).

Action Body Mass [kg] IxX [kng] Iyy [kng] Izz [kng]
1 arml 8 0.1 0.02 0.1

2 arm2 6 0.05 0.01 0.05

3 load 0.5 0.01 0.01 0.0005

The base body is fixed to the ground, which make the inertia parameters irrelevant. If
you want to insert then anyway, temporary remove the Is fixed world option.

19. Do the same with the other bodies according to the table (actions 2 and 3).

Connections
To assemble the Scara robot we will create connections between the various bodies and
joints.

20. Click on |mﬁ| to set the 3D Mechanics Editor in Connection Mode.

Now we can define the connections by clicking from joints to bodies. To make the joints
better visible, we will use the Ghost Mode for bodies.

21. Click on |£| to set the 3D Mechanics Editor in Ghost Mode for Bodies.
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22. Make the connections according to the table below:

Action First click Second click Connection Point

base_arm1 base
base_armi1 arml
arml_arm2 arml
arml_arm2 arm2
arm2_load arm2
arm2_load load

vl h WNH

ConnectionPointl
ConnectionPoint2
ConnectionPointl
ConnectionPoint2
ConnectionPointl
ConnectionPoint2

9. 3D Mechanics Toolbox

Position
x=0,y=0,z=0.25

x =0,y =0.2,z=-0.05
x =0,y =-0.2,z=-0.05
x =0,y =0.15, z = 0.05
x=0,y=-0.15,z=0
x=0,y=0,z=0

When all bodies and joints are connected, 20-sim will start to assemble the robot. Your
3D Mechanics Editor should now look like:

1 3D Mechanics Editor - [MechanicsModel?]

B8 File Edit View Tools Actions Window Help

RIEXCT
"3 Model %y Library

Wy, Bodies

base_arm1
am1_arm2

i am2 Joad

B Actuators
Sensors

Representation:  Cylinder

i Show Fre

K3)

R)7=|DHEER

BB WechanicsModei1 (B8 Mechanicshodel2

No Selection

ERE i 5d 7

Ready

M4 [ MpMessages /|

20-sim will assemble all objects as soon as they are all connected.

Checking Motion

To see if the model was defined properly we can check it and see how it can move.

23. Click on '# to set the 3D Mechanics Editor in Translation Mode.

24. Click on |£| to de-select the Ghost Mode.

25. From the Actions menu, select Check Model.

The Message Dialog should show Analysis Completed Successfully. We will inspect the
possible motions of the mechanism.

26. Put the mouse pointer on top of the arm1 body and click the left mouse button.

The base_arm1 joint will show an arrow that indicates positive rotation.

27. Keep the left mouse button pressed an move it up and down.
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9. 3D Mechanics Toolbox

The body will now rotate around the joint.

1% 3D Mechanics Editor - [MechanicsModel2]

B8 File Edit View Tools Actions Window Help

DoE =R 00X, #="EEHB

U3 Model %y Library B8 Mechanioshodei1 BB Mechanics Model2

W, Bodies
[ base
W arm1
[ arm2
B load

«73 Joints

base_arm1
am1_arm2

LEE BT

Body Name: arm2

Edit Body [ show Frame
[sal

Description
No Description

—
0 0.1 02{m}

M4 » M} Messages /|

Ready

NUM

If the model is correctly assembled, you can inspect the motion by dragging the mouse pointer.

28. Repeat the movement with the arm2 and the /oad bodies to see their movements.
Updating to 20-sim

29. From the Actions menu select Generate 20-sim model.
A window will pop up asking you to store the model.

30. Store the model in the same temporary directory as the 20-sim model (e.g. C:
\temp) using the name Robot.3dm.
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9. 3D Mechanics Toolbox

After the storage of the .3dm file the Code Generation dialog will be opened.

im Cede Generation

20-sim Model
[ Generate 20-sm Model

Model Fiename

‘ C:\temp\Robot.emx ‘

Bromse

[CJuse Current Configuration As Initial Value

Additional Qutputs
[]P-vector [ Mass-Matrix

[ eneralized velocity (v} [Jcenter Of Mass

m

[Jpon't Generate Joint Representations

[Jrot-vector
20-sim Scenery

[ Generate 20-sm Scenery

Submodel Name to be used in 20-sim:
[Robot |

Scenery Fiename:

‘ C:\tempRobot.scn

Eromse

Icon
Generate Icon
(@) Automatic () From File

Eromse

e o

In the Code Generation dialog you can enter the settings for the generation of a 20-sim model.

31. Click OK to export the model to 20-sim.
32.

33.

Close the 3D Mechanics Editor.

Editor

You will be asked to save the model. Choose Yes to save it.

The 20-sim Editor will be updated with the double pendulum model. It should look like:

I 20-sim Editor on: ScaraRobot.emx

File Edit View Insert Model Drawing Settings Tools Help

DoatEES ON=<PDh &4 &= oL
Model  Library Beg ANBRALRE L& W= &
v - modd

controters
[ro] cantrollert

[ro] controller?

[r] controller3

[ Gearl (Ideal)
[ Gear2 (ideal)
-1 Robot

$7 &@ 3§

[&] post
[+] pos2
[5] pos3
- PositionSensor!
. PositionSensor2
PositionSensor3

[ setpoint1

[ setpoint2 i

[ setpeint3
= Spindle3
- TorqueActuator]
- TorqueActuator2
+- TorqueActuator3

Interface Icon  Globals 4 ¥ Qutput Process Find

install\pa

Opening file DA\Projects\20-simh 2
Modell -» Ci\temp\Robot.emx

h

Medell -> C\temp\Robet.emx

<

Started Manual\3D Mechanics Toolbo

The 20-sim model of the drive system and the robot model.

Now it is a good time to store the model.
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34. Save the model.

9. 3D Mechanics Toolbox

If you had problems creating the model, load the model ScaraRobotSimulation.emx from
the Getting Started\3D Mechanics Toolbox section of the library. If you look at the Robot
model, you can see that it has three ports. One for the arm base_arm1 joint, one for
the arm1_arm?2 joint and one for the arm2_Joad joint. We are going to connect these

joints to the actuators.

35. Connect the actuators to the robot model (Gearl to base_arm1, Gear2 to
arm1_arm?2 and Spindle3 tot arm2_load), until the model looks like:

) 20-sim Editor on: ScaraRobotSimulation.emx

Fle Edt Ven Insert Model Drawng Settngs Tools Help
DatEs O Ox<BB
Mode! | Library W [z A S

]
4

]
BMAE L

& [

o[ B [t

~ 9

o

[#e] controller1

[#o] controller2

[ro] controller3

| Geart (tdeal)

| Gear2 (1deal)

- robat

[]post

[%] pos2

[%] pos3
#) Positionsensor 1
#) Positionsensar2
#) Positionsensar3
[l setpoint1
etpoint2
B8 setpoint3
» Spindle3
- TorqueActuator1
- TorqueActuator2
- TorqueActuator3

T T

<[ i

controllert

=

Interface | Icon | Globals ‘v

Output | Process | Find

Starting at p_out
Gear2 p_out -3 robot arm
Starting at p_damp

-

1am2

Spindie3 p_damp -5 robot arm2_load

Causality assignment completed successfully

The robot model is connected to the drive trains.

Simulation

36. From the Model menu click Start Simulator.

This will open the Simulator. As you can see a predefined experiment is loaded, showing
a plot with setpoint and position variables. The 3D animation is filled automatically with

the generated scenery file.

B 20-sim: Window 2

File View Properties Simulation Tools Help
He B $2ww i/ Wik
3 Plot Windows
[ Window 1
~ [[] Window 2
TJ 3D Animation

B HE

S

s i»lm\-ﬁml‘

\

\
\ =
| 012

3D Animation of the Scara robot.
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9. 3D Mechanics Toolbox

37. Click the Run * button to start a simulation and show the corresponding animation.

38. You should see the robot move during the simulation. You can click the Camera =
button to change camera views.

You can also show the robot animation in the main Simulator window. Try to insert a 3D
Animation plot. You must open the 3D mechanics model and generate a 20-sim model
(see number 29) to make it effective.

9.4 Contact Modeling

Introduction

In the previous section, we have seen how to create a dynamic model of a robot with 3D
Mechanics Editor using Scara Robot. This section describes how to create a model with
some basic contact in it.

In order to explain contact modeling, we use a model of a two wheel robot, that should
balance itself. It is a small "Segway” robot as shown below. The contact of the wheels
with the ground are modeled. At the end, the robot should be able to drive in straight
line while balancing itself.

=
0 0102

Model of two wheel "segway" rob ot

Model of the Robot

Assumptions

The following assumptions are made during modeling.

e The ground is a horizontal plane where where z==0.

e The robot wheels will always stay level w.r.t. the ground.

Geometry

The robot will have the following geometry:

e The main body will be modeled by a cube with mass=1{kg}
e The size of the main body (cube) is 10 {cm} in all directions.
e The wheels will have a radius of 4{cm}.
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e The width of the wheels will be 2{cm}

e The mass of each wheel is 0.5 {kg}

e The geometry of the wheel is a cylinder.

e Connection of wheels is made at 2.5 {cm} distance from the bottom of the cube

Step 1: Modeling main body
1. First start 20-sim.

2. In the 20-sim Editor from the Tools menu select 3D Mechanics Toolbox and 3D
Mechanics Editor.

This will insert a 3D Mechanics model in the 20-sim Editor and open the 3D mechanics
Editor.

3. From the Library tree in 3D Mechanics Editor, drag a Body to the workspace.

4. Select the body and click Edit Body, as shown below, and change the
name to 'carBody’.
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88 File Edit View Tools Actions Window Help.

D@ dE

*PROOR-FP=]PEEES
L

™3 Model ' Library MecharicsModel1

Wy Bodies ~
[ Body

Ty Joints

> (B Ratation

> 8 Translation
[ Weld Joint
@ & Fies Moving (8. DOF)

s
> (F) Position/Orientation
> (@ velocty
> (&) Acceleration

[J] Jacobiarb i (Saril
B Actuators
> 5B Powerport @

Body Name: Body1

EdtBody ol [JShowFrame  []COM
hsob  [Hidden
Description

No Discription

Fiepresentatiars Block
Edt. | B~ | [Jshon Frame
[JSol  [JHidden

s
o1 2{m}
Ready NUM

Body Properties

[ Fised world
hinge
fanirt

reference

center

of mass

hinge
point

Body Properties
Body Name: | Current Position
Position
Imertia Properties: Edit
Origntation
[ Locked
ez 59 Help Cancel
Edit body dialog

5. Then press the Edit button and edit the Inertia and Mass properties for this object.

Our body has a mass (m) of 1{kg} and a width (w), height (h) and depth (d) of 10{cm}.

The inertia can therefore be calculated as:

Solid cuboid of height A, width w, and depth
o, and mass m

12
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Inertia calculations

Substituting the m, w, h and d values, we get:

I, =1,=1I,=1/12*m* (h? + w?) = 1/12 * 1 * (0.1% + 0.1%) = 0.001667

W

Inourcase, I, , I and I correspond to I and L, respectively.

xx’ Iyy

Inettia Parameters in Center of Mass

Mass:|1 |{kg} Jos |n On16E7 |{kg.m2}

Iyy: [0.0MEE7 {kg.m2}
[ Global Parameter lzz; |0.0MEE7 {ka.mz}

Center of Mass
(® InBody Reference () Offset

Position

Orientatiorn

Mass and inertia properties

6. Press OK on this dialog, and then OK on the Body Properties Dialog.

Now the shape of the cube must be set that it represents indeed a cube of 10{cm}.

7. To change the representation, press the Edit Button in the Representation section at
the left of the editor.

This opens a dialog shown below with which we can choose the color, shape and size of
a body. It is important to know that this is indeed only a representation. Any change
made here does NOT influence the dynamic behavior of the model, but only the
appearance.
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General | Block Properties

Object Properties Representations
Color: I~ Block M
U
T rit Solid
ranspars o [T] Show Frame

[0. 0. 0] {m}
[l Bryart:[0. 0. 0] {Degrees}
Lock Movements

Edit representation dialog

8. Press the Size button, and for every direction choose 0.1{m} and click OK.

' ™
Scale ﬂ
=
Yoo0d
201
ar. ] [ Canhicel ] l
L &
Changing size

The color of the body can also be changed with this dialog.

9. Choose a color you like and press OK to close.
If the body is not visible anymore, you can move the camera closer to the object by

moving the mouse while pressing the Ctrl-key.
Now our worksheet will look like this:
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[ |
o1 2{m)

The grid is currently a square of 1 {m} which is a too big for our model.

10. To change the grid, choose from the Tools menu Model Settings. The dialog
shown below opens.

Girawity
Walue and Direction:

% |D |Y: ‘D |Z: |'S 81 Imds2}

(C) Hard Coded (fully optimized code)
(@) &g Parameter
() &s Input Signal

Spring Dampers for Canstraint Jaints

[] Generate Spring D ampers for Constraint Joints

Rotation Spring: | 10000 {M.m/rad}
Rotation Damper: | 100 {M.m.z/rad}
Translation Spring: | 100000 {M4m}
Tranzlation Damper: | 100 {H.s/m}

Reference Frames

Grid -

Show [] Squares: Size: {m}
Angle Representation Power Port Tupe
() Radians (@) Degress () Grads (®) Iconic Diagram () Bond Graph

Constraint Solver

.

Here you can change the size of the reference frames, and the grid. Change both to 0.1
{m3}. The scenery then looks like as shown below.
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.

Step 2: Inserting left wheel

Using similar steps followed, we insert a body for the left wheel. The size of the newly
added body is now already scaled by 0.1. This is because of the settings for the
reference frame size we changed in the previous step.

11. Change the representation to be a cylinder with a radius of 4 {cm} and height of 2
{cm} as shown below.
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3D Representation

General  Cylinder Properties

Object Properties Representations
Color: - &
Transparent Solid

[0. 0. 0] {m}
Bryart:[0, 0, 0] {Degrees}

Lock Movements

=

3D Representaticn

General Cylinder Properties

Qrigin Show Side
(®) Bottom (® Outside
() Center Inside

() Inside and Outside

Sizing
Upper Radius:|0.04 | Height: |u.u2

Lower Hadius:
e St

Upper Side Closed Lower Side Closed

[ Ok || Caned | Aoply |

12. Press Ok to apply the settings. The scenery will now look like this:
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Cylinder representation with wrong scaling

Not exactly what we expected, but it can be explained: Because we changed the size of
the reference frames to be 0.1, all new bodies inserted will have a scaling of 0.1 in all
directions. So by setting the exact dimension of the cylinder in the Cylinder Properties,
all those are now scaled by 0.1.

13. To adjust the setting, open the representation of the cylinder and change the scale
back to 1. It will now look like this:

e —
0 0.1 0.2(m}

Cylinder representation with correct scaling

We see that the orientation of the cylinder is such that it is lying down.
Ultimately, we need the wheel to be connected to the left side of the body with y-
coordinate -0.5 and rotate in y-axis. For that the representation should be adjusted

accordingly.

14. Open the cylinder representation again and change the orientation in x-axis to 90-
degrees.
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=
0 04 0.2{m}
Orientation changed to 90-degrees in x-axis

You see that it has rotated to the left (positive angle) and that the origin is at the
bottom.

15. Change the color of the cylinder to purple (Red, Green, Blue = 153, 85, 187) to
indicate Left Wheel.

We now have the correct representation, we will go ahead and change the body
properties.

On Wikipedia we can find the following for calculating the inertia of a cylinder.

z
2 2
e
Solid cylinder of radius r, height & and S 9
mass m 1
h i Iz:Iy: ﬁm(3r2+h2)

We are rotating over the y-axis, so take that into account. Also in the picture the
reference frame is at the center of the cylinder, but we have it at the bottom.

16. Open the Body Properties and change the name to LeftWheel.

Substituting for mass (m) of 0.5 {kg}, height (h) of 0.02 {m} and radius (r) of 0.04
{m}, the inertia's we can be calculated as the following.

24 5
—=0.0001 kg

IX:IE:%mu:j3rJ+ i) :%*0_5*u:j3*0_021+0_0211 =6.666667 =107 kgm"
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In the Inertia Properties, we can also specify the location of the center Of Mass w.r.t. the
body reference. Since the center of mass is really at the center, and we have our body
reference at the right side. The position offset is 1{cm} to the left.

17. Fill in the calculated inertia values and position offset in the dialog as shown below.

Inettia Parameters in Center of Mass

Mass_|D.5 -\.._;‘i'ntg'r‘ s |s.sssssre-uns e
Iy (0,000 },Lma
[[] &2 Global Parameter |zz: |B.6EEEETe-005 %wr_ o

Center of Mass
(O InBody Reference (@) Offest

10, 001, 0] m) =il

Puosition

Qrientation Bryant{0, 0, 0] {Degrees}

0K Cancel

Step 3: Connecting the left wheel

We're going to attach the left wheel to the car body using a joint that rotates over the y-
axis. We want to be able to actuate this joint.

18. Choose the Actuated Y-Rotation Joint from the library and drag the joint to the
workspace.

™3 Model | £ Library
My Bodies -
[ Body
My Juints
4 (1B Rotation
» (1N Non-dctuated
a @ Actusted
(1B =-Ratation
g “(-Rotation
E.j Z-Ruotation
@ Hinge ¥-Raotation
4% Hinge R atation
# Hinge Z-Rotation
= Translation
[0 weld Joint
== Free Moving [6-DOF) =

m
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=T
0 01 0.2{m}

19. Now set the 3D Mechanics Editor in Connection Mode by pressing the Space Bar,
or by selecting the Connection Mode icon in the right button bar.

b SR

Now we want to connect the wheel to the body. The joint has two connection points. We
are going to connect the first connection point to the CarBody and the second connection
point to the LeftWheel.

20. Start connecting by dragging from the CarBody to the Joint.
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=T
0 01 0.2{m}

Once you release your mouse left button when you selected the joint the following dialog
will appear:

Create Connection To Body CarBody

Free Connection Points on Rotationd oinfy1

LCon aint]
CornectionPoint2

Position and Orientation in Body Coordinates

[0, -0.05, -0.025] {m}
n. Bryant[0, 0, 0] {Degrees}

Initial Joint alue

Initial Walue: 0 {Degrees)

Help functionality

Reference Frame Bady Transparent Bady
Reference Frame Joint Tranzparent Joint
Reference Frame Connection

At the top, it shows that a connection is made from CarBody to RotationJointY1l. We're
using ConnectionPointl to make the connection.
The position and orientation must be made w.r.t. the body coordinates.
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21. The orientation is the same as the body and is therefore set to zero. The position
offset is [x,y,z] = [0, -0.05, -0.025]

[0, -0.05, -0.025] {m}
Bryant[0, 0, 0] {Degrees}

In the scenery still nothing happens, since the joint is not yet connected to the wheel.
So we will do the same action but now for the connection to the wheel.

22. Choose the position as [0, 0, 0] and the orientation also [0, 0, 0].

Now the model will look like this.

S — |

0 0.4 0.2{m}
Step 4: Inserting right wheel
The easiest way to create the second wheel is by copying the first wheel.

23. Select the left wheel and press Ctrl-C and Ctrl-V. Or choose Copy and Paste from
the Edit menu.

A new wheel is inserted.

24. Change its name from LeftWheel2 to RightWheel and it's color to red.
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Step 5: Connecting the right wheel

24. Connect a second Actuated Y-Rotation Joint this wheel just like with the first wheel.
Make sure the settings are set as shown below.

Joint Properties

Joirt Name: | RotationJointy’2

Connection Points:

Connection Connecte...
ntl ly
S ConnectionPoint2 - Rightwhes!

Bresk Connection

Edlit Marne:
Position | [0, 0.05, -0.025] {m} =il
Drientation | Brvant[0, 0. 0] {Degreest
Iritial Fiatatior |:| {Deareest [ Locked
More > Help Cancel
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Joint Properties

Joint Mame: | Fotation)ainty'2

Connection Points:

Cornection Connecte...

. Break Connection
T ConnectionPaint!  carBody

ConnectionPoint2  Rightwhes!
Edlit Marne:
Posiion | [0.-0.02,0] {m} sl
Orientation | Bryant:[0. 0. 0] {Degreesh
Iritial Fiatatior |:| {Deareest [ Locked
More > Help Cancel

Now it will look like this.

=T
0 04 02 {m}

At the left side of the editor, you can select the model tree by pressing the tab with

Model. Here you can see that the joints have the name Rotationjointyl and
RotationJointY2.

25. With the right mouse button select Joint Properties. A dialog will open, here you
can change the names of the joints to LeftWheelJoint and RightWheelJoint.
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Joint Properties @

Joint Mame; Leftwheslloint

Connection Points:

Connection Connect.. -
.
3 ConnectionPaoint!  CarBody
3 ConnectionPoint2  Leftwheel
l Edit Name |

[0, -0.05. -0.025] {m}
Bryant[0, 0. 0] {Degeesh

Iitial Rotation: 0 {Degreest  [] Locked
) [ ] %

Step 6: Simulating the model
At this point we have enough information to make a simulation.

26. Press the 20-sim icon in the button bar (see figure below) in order to generate the

® - #[=]

20-sim 3D Mechanics .

First you will get the question:

In order to generate 20-sim code, your model must first be saved.
Do you wish to save now?

ves | [ Mo

27. Click Yes and choose a location and name. e.g. TwoWheelRobot3D.3dm for your
.3dm model.

This name MUST be different from our 20-sim model name later on. Once you chose
your name, the Code Generation Dialog will open. It will show the following:
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20-sim Code Generation

]

20-gim Model
Generate 20-sim Madel =20
[ Sim |
Model Filenarne:
3D echanicshT wowheelR obot3D emyx
|1 Use Current Configuration As Initial Value
Additional Outputs
7] Py ectar

[ PDotVector

7] Mass-Matriz

[ Generalized Yelacity [v]

@

Dion't Generate Jaint Fepresentations

20-sim Scenery

Generate 20-sim Scenery

Submodel Name to be used in 20-sim:
TwowheelRobot3D

Scenery Filename:

Browse

[ Center Of Mass

DM echanicshT wowheelR obot3D zcn

|can
Generate [con

@ Autornatic (7 From File:

Browse

Browze

oK

) |

[ Help

J

Cancel ] I

TwolWheelRobof2D

If we look at the interface of this model (right mouse click:
see that there are two ports:
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File \View Edit Help

DodE #+#%X O
Jechanicsbiode]

W LeftWheelloint [rotation)
- RightWheeloint (rotation)

General | Port Relations | Parameter Relations

Name : MechanicsModel

Just close the dialog, since we don't have to make modifications to it.
We are now going to connect simple torques to the Joints.

29. Select Torque Actuator from the iconic Diagram library and drag two of them on
the worksheet.
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Model | Library

4 |7 Library -
> [ Bond Graph
4 [77) Iconic Diagrams

> |3 Electric

> [ Hydraulics

4 5 Mechanical

4 [C7) Rotation
4 @ Actuators

| - .= AccelerationActuator-Relative
I~ AccelerationActuator
w= ACMotor-Torqueloop
% ACMotor
i %+ DCMotor
-+ = PositionActuator-Relative
I - PositionActuator
=k ServoMotor
@= StepperMotor
== Torque-Relative
fer Torque
il - = Torguehctuator-Relative
--= Yelocity-Relative
= Velodty
- .= VelodtyActuator-Relative
f = VelodtyActuator
> [ Components

m

30. Change the names of the Torque Actuators to LeftWheelTorque and
RightWheelTorque.

Now connect the actuators to the TwoWheelRobot3D sub-model. Two constant source
sub-models are used as an input to the torque actuators.

Constanta Constantigt
§$T$7- .

LefilWheelTarque RightWheeTarquz

Q(—TEB’E

TwolWheelRobot 20

31. Now press the start simulator button and the simulator window will open together
with the 3D animation window.
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32. Now press the run button. And then the replay animation.

You will see that the car will just drop through the floor. Therefore, it is now time to add

ground contact.

Step 5: Adding ground contact
To add ground contact, go back to the 3D Mechanics Editor.

Determining the lowest point of the wheel

33.From the library choose H-Matrix from the Sensor\Position&Orientation\Orientation.

M £ Library |

=l Translation

T ‘weld Jaint
= ® Freg Moving [E-DOF]

= % Sensars
=-{F) Position/Orientation

=)« Position
JEP Position-
I Position-y
i Fosition-2
=% Position [3x1]
=22 Orientation

[R] Ratationt atrix [343)

N Welocity

A) Acceleration
[J] Jacobian-tatrix [Bx1]

= ;& Actuators
(nx]

Dlmvimrmmrk

This will return a 4x4 matrix giving the position and orientation of a specific point on the

car.

We're going to connect it to the center of each wheel. The idea is, if we know the center
of the wheel, we can subtract the radius of the wheel in z-direction to obtain the lowest

point of the wheel.

Getting Started with 20-sim 5.1

123



9. 3D Mechanics Toolbox

34. Drag the H-Matrix and change the name into LeftWheelAbsH. Then connect it to
the left wheel just like you connected the joint. Since the body reference is at the
side of the cylinder we want to place it really in the center, by giving it an offset of
[0, -0.01, O].

35. Repeat this action for the right wheel and change the name to RightWheelAbsH.

When we generate a 20-sim model again we now have two additional ports that give the
H-Matrices for the left wheel and right wheel. By subtracting the radius of the wheel in z-
direction we get the lowest point. This will be done in 20-sim.

The ground contact

The ground contact is modeled by applying a force upwards which is dependent on
position. The force must be perpendicular to the floor.
We do this by applying a force Actuator also at the same location as the H-Matrix sensor.

36. From 3D mechanics Select the Torque & Force actuator from the library.

2 Model | £ Library
=I--=* Pogtion .
BP Position-#
2 Position-y
ﬁ Pazition-2
=7 Pogition [3«1)
=2 Orientation
[H] Hatrix [4=4)
[R] Ratationkd atris [3x3)
(V) Velocity
+ I‘ﬁ Acceleration
[J] Jacobian-td atrix [Gx1)
=8 Actuators
{:l;ﬂ';, Powerport
+-8 Ratation
+- 24 Translation

=) Torque & Force (Bx1)
- Signal

37. Drag it to the workspace and rename it to LeftWheelContact.

Note: Make sure that the Port Properties are set to World Coordinates.
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Actuator Properties x

Actuator Type: Force Actuator [Gx1]

Actuator Mame: |LeftWhee|Conlact

Cornection Points:

Cornection C.
2 CornectionPoint]

Fuosition

Orizntatior

Port Properties
Az Power Port
(_) Body Coardinates
(® In World Coordinates

() Intemal Coordinates [ho transformation)
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Create Connection

Edit M arne:

Help Cancel

38. Connect the actuator to the LeftWheel at position [0, -0.01, 0]
39. Do the same for the RightWheel but connect it to position [0, 0.01, 0]

Now an external force can be applied to the center of the wheel, but always with the

orientation of the inertial frame.

39. Generate 20-sim model again.

In 20-sim the model will be updated and 4 additional ports will appear, 2 for each wheel.

Interface | Icon
B echanicsModel

O signal LeftwheelabsH [4, 4]
O signal RightWwheelabsH [4, 4]

LeftwheelZontack [6, 1] (mechanical)
RightwheelContact [6, 1] (mechanical)

|
|
B Leftiheellaint (rokakion)
B Rightvwheelloint (rotation)

40. In 20-sim Insert a new empty submodel. (with the right-mouse button) and name it

LeftWheelContact.

Open the interface for this model and add the following ports:

Getting Started with 20-sim 5.1
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44.

45.

46.

9. 3D Mechanics Toolbox

signal port: AbsH[4,4]
Iconic Diagram Port, mechanical: WheelContactForce[6,1]

Connect both ports it to the TwoWheelRobot3D model.

Now Double Click on the LeftWheelContact sub-model and choose a graph sub-
model. A graph sub-model will show with the two ports WheelContactForce and AbsH

At this level, insert yet another new sub-model with name Transformations.

Open the Interface editor for this sub-model and add the following ports:

signal port: AbsH[4,4]

Iconic Diagram Port, mechanical, Orientation Output, Causality: Fixed Force Out:
WheelContactForce[6,1]

signal port, Orientation Output: zLowestPosition

Iconic Diagram Port, mechanical, Causality: Fixed Force In (Fixed velocity out):
ForceX

Iconic Diagram Port, mechanical, Causality: Fixed Force In (Fixed velocity out):
ForceY

Iconic Diagram Port, mechanical, Causality: Fixed Force In (Fixed velocity out):
Forcez

CF bodel
B signal AbsH [4, 4]
Wheel“ontactForce [6, 1] {mechanical)
signal zLowestPosition
Forcey (mechanical)
Forcey (mechanical)
ForceZ (mechanical)

Connect the AbsH port and the WheelContactForce.

WheelContactForce

AhgH —————Mm Transformations

Double Click on the Transformations submodel. Choose equation sub-model and
enter the following.

parameters

real global g radius; //radius of the wheel

variables
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real LowestPointAbsHI[4,4];

real AbsHinverse|
real invAdjointH[
real WheelWrench|
real WheelTwist[6

4,4];
6,61;
1,617
1

’

;
equations

// copy all values from the AbsH matrix
// but by subtracting the g radius from the z-coordinate

// the rotation part
// now unity, so no rotation w.r.t. inertial frame

LowestPointAbsH[1:3,1:3] = eye(3);

// the position part

LowestPointAbsH[1,4] = AbsH[1,4]; // x-position
LowestPointAbsH[2,4] = AbsHI[2,4]; // y-position
LowestPointAbsH[3,4] = AbsH[3,4] - g radius; // z-position

// and the last row, which is [0, 0, O, 17];
LowestPointAbsH[4,1:4] = AbsH[4,1:4];

// and set the output port
zLowestPosition = LowestPointAbsH[3,4];

// make an adjoint matrix, so we can transform a force
// acting on the lowest point, to the center of the body
AbsHinverse = inverseH (LowestPointAbsH);

invAdjointH = Adjoint (AbsHinverse);

// make a 1x6 vector holding the translational forces
WheelWrench = [0.0, 0.0, 0.0, ForceX.F, ForceY.F, ForceZ.F];

// transform the incoming WheelContactForce vector
WheelContactForce.F = transpose (WheelWrench * invAdjointH);

// and do the same for the twist (velocity) vector
WheelTwist = invAdjointH * WheelContactForce.v;

// and pass the velocity
ForceX.v = WheelTwist([4];
ForceY.v WheelTwist[5];
ForceZ.v = WheelTwist[6];

Describing the ground contact

At the three separate ports ForceX, ForceY and ForceZ, we're going to connect the
ground contact and the friction in x and y-direction.
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47. From the Translation library, choose the FixedWorld, Damper, and
SpringDamper sub-models.

48. Rename the Damper and SpringDamper to FrictionX, GroundContactZ.

Whee\ContactForce

AhgHo——m Transformations

o0 o o

I L ]
Rt III G bt 2
| |

B gt

Fredlibid

49. Now open the interface of the FrictionX model, and add a port name
zPositionLowestPoint.

50. Do the same with the GroundContactZ model.

51. Now go down in the FrictionX model and change the line at the equations like this

equations
p.F = if zPositionLowestPoint < 0 then
d * p.v
else
0.0
end;

This means that the friction only is active if the lowest part of the wheel is lower that the
ground.

52. For the GroundContactZ model rewrite the equations to be like this

equations
p.F = if zPositionLowestPoint < 0 then
k * zPositionLowestPoint + d*p.v
else
0.0
end;

This means there is a spring/damper combination active only when the wheel goes
through the ground.

We will determine them later when we make a simulation.

Connecting the sub-models

It is now time to connect the sub-models.

53. First copy FrictionX and paste it to the model FrictionY. They will be both the same.
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54. Now connect FrictionX, FrictionY and GroundContactZ to the Transformations sub-
model at the top. Some small nodes will be inserted, because of the port orientation.
Also connect the bottom of the models to the FixedWorld and the zLowestPosition to
all three models.

WheelContactForce

AhgH—— Transformations

W

Frictiony Friction’

GrowndContactZ

e Wb

55. Now go up one level, so you see the TwoWheelRobot3D model again.

56. Copy the LeftWheelContact model, and paste this model, and rename it to
RightWheelContact.

57. Connect it to the TwoWheelRobot3D model, in the same way you connected the
LeftWheelContact model.

Note: The global parameter g _radius is defined twice since we copied the

implementation of the LeftWheelContact to the RightWheelContact. Therefore, remove
the value of the parameter at one of the sub-models.

Constntigt
=T ?E

RightWheeTorque

ConstanfLeff

LefWheeTarque

47 TwoWheslRobot3d .
by W,

LeftWheelContact RightWheelContact

Simulating the model
Before simulating the model, the parameters should be set properly.
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58. Open the parameters editor and select the sub-model LeftWheelContact
\GroundContactZ and change the parameters to:

d = 1k {N.s/m}
k = 100k {N/m}
59. Do the same with the RightWheelContact\GroundContactZzZ.

60. Open the Parameters Editor again, and change the ConstantLeft and
ConstantRight models the values to C = 0.01

61. Change the friction in X -and Y-direction of both left wheel as right wheelto d = 10
{k.N.s/m}

The contact model should now be working as expected. However, the car is rotating.
This is because the wheels are actuated with a constant torque. The torque is applied
between the wheels and the body, so they will rotate in opposite directions.

Step 6: Balancing the mass

We want to be able to control two things:

The mass of the robot should remain upright.
The mass of the robot should be under a certain angle such that it moves with a constant
velocity.

Because we rotate over the y-axis a positive rotation will tilt the mass in the forward x-
direction. In order to do this, we must move the robot forward to balance this mass. So
by controlling the angle, we control the velocity of the vehicle.

Measuring the angle of the robot

62. Go to the 3D Mechanics model and from Sensors in the library choose
RotationMatrix(3x3)
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63. Rename it to Rbody and connect it to the CarBody at the location of the axis: [0, O,
-0.025].

Generate 20-sim code again. An additional port is now available holding the Rotation
matrix of the CarBody.

From this rotation matrix we can extract the tilting-angle.

64. In 20-sim create a new sub-model with the name CarAngle. At the interface define
two ports:

e input: signal R[3,3]
e output signal angle

For the implementation fill in the following:

variables
real angles[3];

equations
angles = dll('EulerAngles.dll', 'EulZYXrFromRotationMatrix', R);
angle = angles[2];

What this does is, it gives the three angle rotations that are applied next to each other in
the order: Z-axis rotation, Y-axis rotation and X-axis rotation.

If we're moving in the x-direction, the rotation of the x-axis and z-axis are zero, so this
will only have value for the y-axis.

If we drive in a circle, we first have to rotate over the z-axis, and then the y-axis. The x-
axis will remain zero in that case as well.

Now connect the complete model in the following way:
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3& T ——r7 =T %E
LeffWheelTorue RightWheelTorque
LeftWheelContact RightWheelContact
CarAngle
nA g PID 1
T
OffsetAngle FiD Negatet

What we see here is that the angle of the car is compared to a reference angle. The
difference is fed into a PID controller. The output of the controller is given to both wheel
motors.

There is an additional multiplication of -1, because a positive torque on the wheels, will
make the wheel move backward (positive angle is counter-clockwise). We want it to
move forward with a positive measured angle.

The OffsetAngle can be created by a simple MotionProfile submodel. Choose the
amplitude not larger than 0.5 {rad}. You can give any type of movement you want. The
PID works fine with the default parameters. Simulating the model should drive the car in
a straight line.
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10 Animation Toolbox

10.1 Animation Toolbox

Animation is a powerful method to inspect and verify your simulation results, especially
when working in three dimensions. The 20-sim Animation Toolbox offers you an easy
way to create 3D Animations and view graph animations.

3D Animation

Simulation results in 20-sim can be shown as animations using a 3D Animation Editor.
Animations are composed of predefined objects like cubes, spheres, lines, squares,
cameras and lights. Complex objects can be imported from CAD packages using
common exchange formats.

Objects
Any variable of a 20-sim model can be connected to an object. Various attributes of the
object can be controlled this way: position, orientation, size, etc. Thermal graphs can be
created by controlling the color of the objects.

File Edit Properties

[ ———— =

Help

#4 Reference Frame
> % Defaul Lights and Cameras
43 Seenery
+ % Demo
4 # Base
s 3 Spiinglelt
Bas

ase
4 3 SpiingRight
Base

T

» || Position | Diientation | Obiect Fropeties|

X Positon
Variable: ©)

Value: @ 0

-Position
Variable : (©)

Value: © 0 =] [Chooss Vaiiable,

2 [Choose varisble

2 D¢/ W vew o

2 Positen
Variable :

U Value: @ 0 2] [Choose ariable|

[ Show Frame

[ b B P WS 0 = -
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In the 3D Animation Editor you can connect every object property to a variable in the model.

Reference frame objects can be used to group animation objects and inherit object
attributes. Objects can be duplicated, resulting in complex animation with a few mouse
clicks.

Connected to Simulation

Animations are fully linked to the 20-sim Simulator. While a plot is being drawn,
simultaneously the animation will be shown! This link is kept after a simulation has
finished. While inspecting the numerical values, you will notice that the 3D Animation
changes simultaneously!

Movies

Every animation can be exported to movies in various formats (mpg, wmv, avi. flash)
for the use in presentations and external programs.
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Graph Animation

With 20-sim Graph Animation you can display the results of a simulation in your
graphical model. During simulation, the thickness and color of the bonds, connections
and signals will correspond with the values they carry.

10.2 3D Animation Basics

This lesson demonstrates how to build a simple 3D-animation. It helps you to understand
the basics of reference frames, define objects and couple them to variables in your
model.

Model

1. Open 20-sim and load the model 3DAnimation from the Getting Started\Animation
Toolbox section of the library.

This model consists of three signal generators. We will use the outputs of these
generators to show moving objects in a 3D Animation window.

2. Open the Simulator.

3. In the tree at the left select Window1. From the right mouse menu select Add
Plot - 3D Animation.

This will open a 3D Animation plot next to the standard plot:

File View Properties Simulaton Tools Help
» a [
He D $o2wmw i kiviemw e @
[T] Window 1 Title
. A Title 2
£T) 3DAnimation e o irorde
s e
1
0s I
o J
-05 W
-1
15
2
0 5 10 15 20 =
time {5t 01 2
|4 > B bW @ U i -
Qutput
20-sim 4.2 {c) 2011 Controllab Products B.V.

The 3D Animation window at start-up.

The first time the 3D Animation window is opened, the top reference frame is shown
(red = x, green =y, blue = z) in a semi transparent grid (the checkerboard) that covers
the xy-plane. All objects you want to show in the 3D Animation window, must be defined
with respect to this frame.

4. In the tree at the left select 3D Animation. From the right mouse menu select
Plot Properties.
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This opens the 3D Animation Properties window:

File Edit Properties

2 Relerence Frame Fositon | Drientation | Object Propeties|
4 % Defalk Lights and Cameras
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The 3D Animation Properties window at start-up.
At the left of the 3D Animation Properties window an object tree is shown with several
reference frames and objects:

e Reference Frame: This is the top reference frame. All other reference frames and
objects are defined with respect to this frame.

e Default Lights and Cameras: This reference frame contains the default lights and
cameras.

e Scenery: In this reference frame you can add your own objects.

5. Close the 3D Animation Properties and re-open it by double clicking in the 3D
Animation plot.
Cameras

The 3D Animation window comes with five default cameras. All cameras are defined with
respect to the Default Lights and Cameras frame, which has the same orientation as the
top reference frame.

Front Cameras

There are three cameras which are positioned on top of the principal axes of the Default
Lights and Cameras frame. The front cameras do not show in perspective.

6. In the 3D Properties window, from the objects tree select the Front(XY)-
Camera.
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As you will notice the view in the 3D Animation window changes. It shows the x-axis
(red) and y-axis (green) of the top reference frame:

perties Simulation Tools Help

H2 D 2w .7 W vk i@ @

] window 1 Title
. B Title 2

(T 3DAnimation

0 5 15 20 =

10
time {5} 012
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The view with the Front (XY) Camera selected.
7. Try out the other cameras.

Camera Looking at Origin
The Camera Looking at Origin can be positioned at every desired place but will always
look at the origin of the Default Lights and Cameras frame.

8. In the 3D Animation Properties window, from the objects tree select the Camera
Looking At Origin and inspect the position tab on the right of the window.

9. Change the Y-position of the Camera Looking At Origin and inspect the results in
the 3D Animation window.

As you will see the position of the camera can be changed, but its orientation will always
be chosen to make the camera look at the origin of the Default Lights and Cameras
frame.

¥

— 7~~~ - Default Lights and
camera Cameras Frame

Position and orientation of the Camera Looking at Origin.

Adding Objects

With the camera in a good position, it is easy to add objects. We will remove the 3D
Animation window and open it again to get a fresh set of cameras.
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10. Close the 3D Properties and the 3D Animation window.

11. In the tree at the left select 3D Animation. From the right mouse menu select
Delete Plot.

12. In the tree at the left select Window1. From the right mouse menu select Add
Plot - 3D Animation.

13. Open the 3D Properties window.
12. In the 3D Properties window, from the objects tree select the Scenery frame.
13. From the right mouse menu select Edit, Insert Object and Sphere.

Now a sphere is added to the objects tree. A dialog is popped-up showing the Object
Properties of the Sphere.

14. Change the properties of the Sphere into:

Color Scaling Values

Red, Value = 1.0 Scale X, Value = = 0.5
Green, Value= 0.0 Scale Y, Value = = 0.5
Blue, Value = 0.0 Scale Z, Value = = 0.5

15. Close the Object Properties dialog and set the position and orientation of the sphere

equal to:
Position Orientation (Bryant)
X-position, Variable = SineX, Value = 0.0
\output
Y-position, Value = 0.0 Y, Value = 0.0
Z-position, Value = 0.0 Z, Value = 0.0

16. For the X-position you have to choose the correct variable using the Choose
Variable button.

Your 3D Properties window should now look like:

[File Edit Propeties |
3 Reference Frame Position | Drientation | Object Propsties|
» % Defaul Liahts and Cameras
4 %5 Scenen
® Shere X Positon
Variable : @) Sinchoutput
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The X-position of the sphere is coupled to a variable of the 20-sim model.
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17. Close the 3D Properties window and return to the 20-sim Simulator.

18. From the Simulation menu select Run to calculate the plot (or click the blue Run
Simulation button »).

19. From the Simulation menu select Replay and 3D Animation (or click the green
Run 3D Animation button ) and you will see the Sphere move.

operties  Simulation Tools Help

Ha D 2w/ K o sibr it @ @

] Window 1 Title

- e : = viange
{]) 3DAnimation 15 - cns‘fe
| = sine
0s \ 1
; g

time {5} 01 2

ki > Eriwi® U L —

Number of output points: 411 Average steps per second: 35415

The sphere moving along the X-axis.

If you have problems producing a good animation, close all windows. Open 20-sim and
load the model 3DAnimation1 from the Getting Started\Animation Toolbox section of the
library. This model will show the proper animation of the moving sphere.

Zooming
The object is quite far away. We will use the camera zoom to get a close look.

20. Open the 3D Properties window and from the objects tree select the Default
Lights and Cameras and Camera Looking at Origin.

21. Select the Object Properties (tab at the right) and click the Set Object
Properties button.
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22. Pull the Zooming slider until you have a closer look at the object and close the
Properties window.

Visual Object pmpeml ==
Camers Properies. | LookAt Propetties

Plane Distance Projection
[¥] Automatic @ Perspective @ Right hand

001 % OthoGraphic @ Left Hand

Help

=

Use the Camera properties to change the zooming level.

Other Objects

23. In the tree at the left of the 3D Properties window select the Scenery frame.
24. From the menu select Edit, Insert Object and Cube.

25. Open the 3D Properties window and from the objects tree select the Scenery
frame.

26. From the menu select Edit, Insert Object and Cube.
We would like to see the Cube rotate.

27. Select the Cube from the objects tree and change the Object Properties to:

Color Scaling Values Position Orientation (Bryant)
Red = 0.0 X =0.5 X-position = 0.0 X =0.0

Green=1.0 Y =0.5 Y-position = 2.0 Y =0.0

Blue = 0.0 Z=0.5 Z-position = -0.25 Z = Triangle\output

28. Like the Cube now add a Line object.
We want the line to rotate along the Y-axis.

29. Select the Object Properties of the Line and change the properties to:

Color Start Position End Position

Red = 1.0 X-position = 0.0 X = Sine\output
Green = 1.0 Y-position = 1.0 Y=1.0

Blue = 1.0 Z-position = 0.0 Z = Cosine\output

30. Close the 3D Properties window and return to the 20-sim Simulator.
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31. From the Simulation menu select Run to calculate the plot (or click the blue Run
Simulation button *).

32. From the Simulation menu select Replay and 3D Animation (or click the green
Run 3D Animation button ).

You will see the sphere move, the cube rotate and the line rotate along the Y-axis. It
should look like the figure below:

@ 20-sim Simulator

Fie View Properties Simulation Tools Help

He D sowm 7 Wiiviesw o & @

) window 1 Tl [

» [ Title 2 = trianaies 1
[T 3DAnimation2 15 - m‘fg |
B = sine
0s \
o

T 1 g 1, .
Output AT

Model calculations: 425 Number of output points: 411 Average steps per second: 106250 ‘E ‘
Finished Simulation -0 errars, 0 wamings ======= =

Three moving objects.

If you have problems producing a good animation, close all windows. Open 20-sim and
load the model 3DAnimation2 from the Getting Started\Animation Toolbox section of the
library. This model will show the proper animation of the moving objects.

10.3 Planetary System

All objects in a 3D Animation can be defined with respect to the top reference frame.
If you have multiple objects that move relative to the top reference frame but have a
fixed position and orientation to with respect to each other, it is useful to introduce
additional reference frames. We will demonstrate this by creating a 3D Animation of a
planetary system.

Remove Default Elements

1. Open 20-sim and load the model Planetary System from the Getting Started
\Animation Toolbox section of the library.

Open the Simulator.
In the tree at the left select Window1.

From the right mouse menu select Add Plot - 3D Animation.

oA WN

In the tree at the left select 3D Animation. From the right mouse menu select Plot
Properties.

Change background and remove the grid
We will remove the grid and change the background.
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6. From the Properties Menu select General Properties.
7. Select the Choose Color button and change the background color to black.

8. De-select the Apply Image check box and the Show Grid check box.
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In the General Properties window you can select the background color and the grid.

9. Close the General 3D Properties window.

Sun

10. Select the Scenery Reference Frame and rename it (Edit menu) to: Sun
Reference Frame.

11. Select the Sun Reference Frame.
12. Insert a Spot Light.

13. Rename it to Sun Light and change the properties to:

Ambient Color Diffuse Color Specular Color Position

Off On On

Red = 0.0 Red = 1.0 Red = 1.0 X-position = 0.0
Green = 0.0 Green = 1.0 Green = 1.0 Y-position = 0.0
Blue = 0.0 Blue = 1.0 Blue = 1.0 Z-position = 0.0

14. Select the Sun Reference Frame and insert an Ambient Light. Change its
properties to:

Ambient Color Diffuse Color Specular Color Position

On Off Off

Red = 0.5 Red =0 Red =0 X-position = 0.0
Green = 0.5 Green =0 Green =0 Y-position = 0.0
Blue = 0.5 Blue = 0 Blue = 0 Z-position = 0.0

15. Select the Sun Reference Frame and insert a Camera. Change the zooming
until you have a good view.
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Now your 3D Animation should look like:
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With an additional camera you will have a new view.

16. Select the Sun Reference Frame and insert a Sphere.

17. Rename it to Sun and change the properties to:

Color Scaling Values Position Orientation
(Bryant)

Red = 1.0 X =1.0 X-position = 0.0 X =0.0

Green = 1.0 Y=1.0 Y-position = 0.0 Y =0.0

Blue = 0.0 Z=1.0 Z-position = 0.0 Z =0.0

18. Select the Sun Reference Frame and insert a Circle.

19. Rename it to Hot Spot and change the properties to:

Color Scaling Values Position Orientation

(Bryant)
Red = 0.0 X =0.2 X-position = 0.5 X =0.0
Green = 0.0 Y =0.2 Y-position = 0.0 Y =1.57
Blue = 0.0 Z=0.2 Z-position = 0.0 Z =0.0

Earth

As you might have guessed we are creating the sun. For the earth motion we will use a
second reference frame.

20. Select the Sun Reference Frame and from the Edit menu select Copy and
Paste.

As you can see a second reference frame is added including objects.
21. From the second reference frame delete the Sun Light and Camera objects.

22. Click on the Camera of the Sun Reference Frame to get a correct view again.
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23. Rename the second reference frame to Earth Reference Frame and change the
properties to:

Scaling Values Position Orientation (Bryant)
X =0.3 X-position = Sine\output X =0.0
Y =0.3 Y-position = Cosine\output Y =0.0

Z=0.3 Z-position

0.0 Z = Sine\arg

24. From the Earth Reference Frame select the Hot Spot object and change the name
to Launch Site.

25. Select the Sun object and change its name to Earth.
26. Change its color to red = 0, green = 0.5 and blue = 1.
27. Select the Camera from the Sun Reference Frame.

We have added objects and variables which haven't been simulated before. To see a
good animation, we first have to run a simulation.

28. Close the 3D Animation Properties window and return to the 20-sim Simulator.

29. From the Simulation menu select Run to calculate the plot (or click the blue Run
Simulation button »).

30. From the Simulation menu select Replay and 3D Animation (or click the green
Run 3D Animation button ).

Now you will see the earth orbiting the sun. It should look like the figure below:
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The earth orbiting the sun.
If your objects seem far away, change the zooming of the camera.

Moon
The same trick as we did with the earth will now be repeated to create a moon.

31. Open the 3D Properties window.
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32. Select the Earth Reference Frame and from the Edit menu select Copy and

Paste.

10. Animation Toolbox

33. Rename the objects to Moon Reference Frame, Moon and Lunar Landing Site.

34. Select the Moon Reference Frame and change the properties to:

Scaling Values Position Orientation
(Bryant)
X =0.5 X-position = CosineX = 0.0
\output
Y =0.5 Y-position = SineY = 0.0
\output
Z=0.5 Z-position = 0.0 Z = Sine\arg

35. Select the Moon and change its color to red =

36. Select every reference frame and de-select the option Show Frame.

1, green = 1 and blue = 0.5.

You can also press the Ctrl-key and de-select the Show Frame option of the top frame.
This will make that all underlying frames will have the Show Frame option de-selected.

37. Select the Camera from the Sun Reference Frame.

Viewing the Animation

38. Close the 3D Properties window and return to the 20-sim Simulator.

39. From the Simulation menu select Replay and 3D Animation (or click the green
Run 3D Animation button ).

Now you should see the earth orbiting the sun:
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The earth orbiting the sun and the moon orbiting the earth.

40. In the Simulator, from the View menu select Numerical Values.
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With the Numerical Values window you can inspect the values of the simulation plot. At
the same time you will see the corresponding view in the 3D Animation window. If you
use the slider of the Numerical Values window you can seen the earth and the moon
move.

41. Use the slider of the Numerical Values window to move the earth and the moon.

Switching Cameras

42. In the 3D Properties window select the Earth Reference Frame and insert a
Camera object. Change the zooming until you have a good view.

43. Change the name of the Camera into Earth Camera.

44. In the 3D Animation window click the Play ® button to see the sun and moon
moving around the earth.

45. Switch between cameras by clicking the Camera * button.

46. If you have problems producing a good animation, close all windows. Open 20-sim
and load the model Planetary System1 from the Getting Started\Animation Toolbox
section of the library. This model will show the proper animation of the planetary
system.
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11 Control Toolbox

11.1 Control Toolbox

The Control Toolbox of 20-sim contains several tools that can aid you in developing

controllers for your modeled machines, the Controller Design Editor, the Filter Editor and
the Neural Network Editors.

Controller Design Editor

1. In the Editor from the Tools menu select Control Toolbox - Controller Design
Editor.

The Controller Design Editor is a specialized tool for the design of feedback control
systems. A feedback structure of subsystems is presented with a linear plant, controller,

measurement and pre-filter. Also the open-loop and closed-loop gains and the
sensitivities are available.

Dads bR Wil e
! Sub System
& Flant ) ) Loop Transfer ()
Compensator (C) () Sensitiity (5)

o) Prefiiter (F) 2) Compl. Sensitivity (T)

Measurement (M) ) Plant Sensitivity (PS)
Response (H) =) Control Sensitvity (CS)

Addiional Ports

(7] tnput Disturbance  [] Output Disturbance  [_] Measurement Dist.  [] Feed Forward
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) Eigen Frecs. o=

The Controller Design Editor.

You can edit your controller as an ABCD State Space system, a Transfer Function or in a
Zero Pole Gain form. Changes in one of the subsystems directly update all open plots
and dialogs. For instance, adapting the controller gain immediately changes poles and
zeros of the closed-loop system and the overall step response. The integration within 20-
sim and linear system exchange with MATLAB makes this editor a powerful tool for
designing feedback control systems!

Filter Editor

2. In the Editor from the Tools menu select Control Toolbox - Filter Editor.
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With the Filter Editor you can create your own linear filters according to your
specifications. Available filters are Bessel, Butterworth and ChebyChev filters where you
can specify the order and characteristic frequencies. A choice can also be made from

PID, lead/lag, or notch filters.
(@) 20-sim Filter Editor EE
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The Filter Editor.

Neural Network Editors
3. In the Editor from the Tools menu select Control Toolbox - B-Spline Network
Editor.

The 20-sim Control toolbox supports two well-known networks: Adaptive B-Spline
Networks and Multi-Layer Perceptron Networks.

Network Name: Metwork Order: 2

Leaining Regularzation
(® Learn ot each sample
- ] Apply Regularization
) Leam dfter leaving spline:

0

Addlnput | [ Delete Input

Learning Rate: 0.1

inputl
Input Name: input1
Regions
Nurber lover uppes i of Spines
1 0 0 0
Lower: D Mumber of Splines: 10 =
Upper: 10
[7] Load \weights at Start of Simulation [T] Network is Discrete:

Save Weinhts at End of Simulation

The B-Spline Editor.

These neural networks must be trained by repeatedly presenting examples to the
network. Each example includes both inputs and desired outputs. Based on the error
between desired outputs and the real network output, the neural network adapts the
weight of each neuron according to a user-defined learning rate. If the response is
accurate enough, you can save the weights of the neurons, to use the neural network in
your controller. An unlimited number of neurons may be used.
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12 Frequency Domain Toolbox

12.1 Frequency Domain Toolbox

The 20-sim Frequency Domain Toolbox consists of the Linear System Editor, FFT
Analysis, Model Linearization and Dynamic Error Budgeting functionality.

Linear System Editor

The Linear System Editor is a specialized tool for the design and analysis of linear
systems. The editor supports continuous-time and discrete-time SISO systems using
various representations.

The graphical interface allows you to edit a linear system in any desired form: ABCD
state space, Transfer Function or Zero Pole Gain. Analyzing the Step response, Bode
plot, Nyquist diagram, Nichols chart and Pole-Zero plots allows you to quickly evaluate
system behavior. Phase, gain and modulus margins are calculated, as well as rise time,
overshoot and steady state value.

Input can originate from a 20-sim linear system model, 20-sim filter or control editor,
MATLAB workspace, or user input. You are able to generate output for all 20-sim editors,
the clipboard and the MATLAB workspace.

Fast Fourier Transform

Fast Fourier Transforms (FFT) can be applied to any time-domain plot in 20-sim. Either
simulation results or measurement data will do. When the data is not equally spaced,
linear interpolation is first applied after which the Fast Fourier Transform is used to
calculate the frequency contents. Three representations are supported: Amplitude and
Phase plot, Frequency plot and Power Spectral Density plot.

Model Linearization

Any 20-sim model can be linearized to state space form. If possible, linearization will be
performed symbolically. Otherwise linearization will be performed numerically.
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The resulting state space model is shown in the 20-sim Linear System Editor. The Linear
System Editor is a specialized tool for the design and analysis of linear systems. The
editor supports continuous-time and discrete-time SISO systems using various
representations. Standardized plots enable you to quickly evaluate system behavior.

Fle Edit View Tools Help Fle View Properties Hefp

DeEdz BB Wil | @ BB/ lxle

e 7] force\p.F -> mass2\x TOrCELF -> Mass2k
s foree\p.F -> mass2ix =0

) State Space

@ Transfer Function STl s W0 00s

Poles Gain

s - .
Import [ Export

e

= Wagnitude (8)

1 1
Frequency (Hz)

Output

= Phase (deg)

20-sm Matlab

J— 01 1
O i ' Frequency (Hz)

In the Linear System Editor you can generate bode plots.

Features

e Editing as ABCD state space, Transfer Function or Zero Pole Gain with automatic
transformation between these forms.

e Transfer between continuous-time and discrete-time representation.

e View characteristic properties like eigenfrequencies and damping.

e Handles numeric and symbolic models.

e Various plot options: Step Response, Bode Plot, Nyquist Diagram, Nichols Chart and
Pole-Zero Plot.

Dynamic Error Budgeting

The performance of precision machines is mostly limited by the disturbances that are
injected in these machines. These disturbances are often stochastic in nature. Dynamic
Error Budgeting is a method whereby the effect of these disturbances on the final
performance can be calculated. The advantage of this method is that it enables the
designer to enter the contributions of the individual disturbances and view and optimize
the overall machine performance.
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The Dynamic Error Budgeting toolbox shows the total error as a result of injected disturbances.

Running the Toolbox

tooltip

You can open the Dynamic Error Budgeting tool in the Simulator:

1.

\Frequency Domain Toolbox section of the library.

Dynamic Error Budgeting.

Open 20-sim and load the model Dynamic Error Budgeting from the Getting Started

In the Simulator from the Tools menu select Frequency Domain Toolbox and

Dynamic Error Budgetting Toolbox

Update

Frequeney (Hz)

[¥] Show all outputs

Input Noises Gutputs Input 5D | INUTCPS | Input CAS
Input Noises Outputs
Floor Accelerationoise loutput ¥ploutput z ;Lﬁ?uretu;:uetlemmmmsemumm
xmlputput 1 = Forcectuatonf
ForceActuator \F
fe-010
[ Addinputnose | [ Delete input noise Addoutput | [ Delete output
Te-020
Spedify PSD for input ncise . Linear System Bote Plot
File 1e-030
0
g
w0 Te-040
2 0000t 0ot oo od 100 f0o0 10000
2 Frequency
S-200
Vlue: 8
@ Fiat Distribution 16005 3 OutputPSD | QutRUECPS [Cutput CAS
300
From Frequencyltz):  To Frequency(Hah: o = Floarac celerationhiois elo Ut Ut-=Xpautput
0.01 200 “ioom 001 04 1 10 100 1000 10000 -

Close

e -
I P
1e0m i et
o
1 e
7z
1e-030 — _‘
00001 0001 o001 01 1 10 100 1000 10000
Frequency {Hz}

Hmioutput->Xpoutput
ForceActuatorlF-=xploutput
Curnulative Output CPS

The Dynamic Error Budgeting tool.

The tool allows you to enter disturbances (as power spectral density) in the Input Noises

section.
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3. For each disturbance you have to select a corresponding variable by clicking the
Add input noise button.

Each disturbance is effectively a summation to the chosen variable, just like closed loop
linearization. You can inspect each disturbance in the graph on the top right.

Next you have to select an output variable, where the result of the disturbances is
calculated.

4.Select the output by clicking the Add Output button.
In the graph on the bottom right you can see the resulting error at the selected output
as a result of the disturbances. The error is given in the form of a power spectral density

(PSD) and cumulative power spectral density (CPS). The square root of the final value of
the CPS is equal to the standard deviation of the output error.
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13.1 Mechatronics Toolbox
The Mechatronics Toolbox includes the following items:

1. CAM Wizard
2. Motion Profile Wizard

3. Servo Motor Editor
13.2 Cam Wizard

How to use the Cam Wizard

Introduction

13. Mechatronics Toolbox

Cams and mechanisms are all based on the same principle. The motion of an input axis
is transformed to an output axis or translation. The transformation is a function of the

input angle. This function is called the cam motion profile.

rotation

angular
velocity

J- motion
profile

transformer —y——

rotation
ar
translation

The 20-sim cam wizard helps you to generate cam and mechanism models. You can use
various types of motion profiles which are continuous in velocity, acceleration or even in
jerk! An example of a mechanism that can be generated by the Cam wizard is the
crank-rod mechanism, where a rotary input motion is transformed to a translating output

motion.

I
//’/'/;/;//

The models that are generated by the 20-sim Cam wizard are fully dynamic! This

means:

e The models describe the output velocity as function of the input velocity but also the

input torque as function of the output load.

e The speed of the input axis does not have to be constant nor does the output load.

Getting Started with 20-sim 5.1
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No inertia, stiffness or other dynamic behavior is included, but this can be easily
incorporated by coupling elements from the 20-sim library (inertias, springs etc.) to

the input or output of the model.

Example
To generate a cam or mechanism model in 20-sim, follow the next steps.

1.

5.

Open the 20-sim model library an go to the section Iconic Diagram\Mechanical
\Rotation\Gears and drag the model Cam-Wizard.emx to the editor. You can also
select in the Editor: Tools - Mechatronics Toolbox - Cam Wizard.

Select the Cam-Wizard model and click Go Down. Now the wizard will be opened.

Choose the desired motion profile, the profile parameters and type of output

(translation/rotation):

Choose Profile

Choose the desired Motion Profile

1-3-5-7-3 Polynomial - |

1-3-5-7-9 Polynomial

Choose Output Type

(®) Translational Velodty
(C) Rotational Velocity

Cancel Help

Select the type of cam motion profile:

Getting Started with 20-sim 5.1
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Motion Type

Choose the desired Motion Type

@ Intermittent Step

() Continuous Pulse

Intermittent Step

15 start_angle

siop_angle
14 #

s 4
/ l stroke

0 180 360 240 720

0.5

Back Cancel Help

6. Enter the parameters values (Stroke, Start Angle Stop Angle). If you have chosen a
continuous pulse as output, you must also enter the values for the Return Angle and
End Angle:

Parameter Values

Set the Parameter Values

o Intermittent Step
start_angle
stop_angle
145 /
v i
0.4
/ l stroke
05
0 160 360 240 720
@

Back Cancel Help

7. In the last page, the resulting values are shown:
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Parameter Values x

Description

Motion Type : Intermittent Step
Profie Type : Cydloidal

Start Angle 10

Stop Angle 190

Stroke 190

Cutput : Rotational Velocity

(®) Show this Wizard

When selecting "Go Down™ for this model, what action should be performed

() Show Generated Code

Cancel

Help

8. Click Finish and the cam model will be defined. All you have to do is to connect the
input axis (p_in, rotation) and the output axis (p_out, rotation or translation) of the

cam model.

Note

1. If you have changed the settings of this wizard, you have to process the model first
(from the Model menu, choose Check Complete Model) before the changes become

effective.

2. You can change parameter values during simulation (from the Properties menu

select Parameters).

3. This is a masked model that uses the dll-file MotionProfile.dll to open the wizard.
This dll-function must be stored in the bin directory of 20-sim. To see the SIDOPS
code of a masked model press the shift-key, while clicking the Go Down command.

Cam Motion Profiles

Motion Types

Two types of motion profiles can be generated by the Cam wizard: intermittent steps
and continuous pulses. The intermittent step motion does not return to its starting

position, but gradually moves further away .

stroke, start_angle and stop_angle.

Getting Started with 20-sim 5.1

It is characterized by the parameters

155



13. Mechatronics Toolbox

5E Intermittent Step

start_time
stop_time

e /
as period
stroke

-0.5

=

a 1 2 3 4 ] B 7 8 9 10
time
The continuous pulse motion output returns at the end of each cycle returns to the

starting position. It is characterized by the parameters stroke, start_angle, stop_angle,
return_angle and end_angle.

Continuous Fulse
25

start_angle
stop_angle
return_angle

15 efd_andle
=
|

0s stroke

05

0 180 360 240 720

2

Motion Profiles

In mechanical engineering an important part of design is the reduction of vibrations.
Every time a construction is in motion, vibrations are induced. When cams or
mechanisms are used, the amount of vibrations, depend on the kind of motion that is
induced. E.g. a sudden step change will induce violent vibrations in comparison with with
a fluent motion. An important parameter to characterize motions, is the order:

1. Zero Order: Motions that are discontinuous in the position (e.g. a step).

2. First Order: Motions that are continuous in the position but discontinuous in the
velocity (e.g. a ramp).

3. Second Order: Motions that are continuous in the position and velocity but
discontinuous in the acceleration.

4. Third Order: Motions that are continuous in the position, velocity and acceleration.

5. Fourth Order: Motions that are continuous in the position, velocity, acceleration and
jerk.

The specific shape of a motion profile can have a significant influence on the dynamic
behavior. Some profiles minimize the maximum velocity, some profile minimize
acceleration, while other profiles tend to make a tradeoff between the maximum velocity
and acceleration. If we take a standard motion with stroke 1 and motion time 1 sec., the
following table can be generated:
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profile order Vimax qmax y(0) y(1/2)
Ramp 1 1 infinite infinite 0
Crank-Rod? 2 > 1.57 > 4,93 infinite < -15.5
Trapezoidal 2 2 4 infinite -infinite
Partial Trapezoidall 2 1.67 4.17 infinite 0
Geneva Mechanism (2 2.41 8.49 infinite -118.5
Sine 2 1.57 4.93 infinite -15.5
Cubic 3 2 4 32 -32
Partial Cubic3 3 1.67 5.55 55.6 0
Cycloidal 3 2 6.28 39.5 -39.5
Modified Sine 3 1.76 5.53 69.4 -23.2
Modified Trapezoidal |3 2 4.88 61.4 -61.4
MSC50 3 1.26 9.20 173.6 0
MSC%?% 3 1.37 7.20 113.1 0

3-4-5 Polynomial 3 1.88 5.77 60 -30
1-3-5-7-9 3/4 2.05 10.25 BB BM

PonnomiaI5

1: Parameter CV = 20%

2: For lw >> Ic the Crank Rod profile equals the sine profile, for lw > Ic performance
deteriorates.

3: Parameter CV = 20%, CA = 20%
4: Parameter n = 30%, alpha = 10%
5: Parameter BB = 30%, BM = 10%

Here y(0) is the initial jerk (derivative of acceleration) and y(1/2) the crossover
(halftime) jerk.

Ramp

The ramp profile is a first order profile. It has a constant velocity and acceleration peaks
at the start and end of the motion.
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El

Crank Rod Mechanism

A Crank Rod mechanism converts a rotary motion into a repeating translation and

LSS

If the rod is much longer than the crank, the resulting motion profile will approach the
sine profile. Below the motion profile is shown for half a rotation of the crank (angle
from O to 180 degrees in 1 sec.).

Crank Rod (lc << Ir)

0.2 0 0z 0.4 0B 0.a 1 1.2
tirne

Crank Rod (lc << Ir)

0.2 0 0z 0.4 0B 0.a 1 1.2
tirne

If the rod gets smaller, the maximum velocity and acceleration increase.
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Crank Hod (lc < Ir)

0.2 0 (e 0.4 (IN5] ne 1 12
tirre

Note: A real crank-rod mechanism will not suddenly stop at half a rotation and therefore
not show a discontinuous acceleration.
Trapezoidal

The trapezoidal profile is a second order profile. It has a constant acceleration at the
start of the motion and a constant deceleration at the end of the motion.

Trapezoidal

12 g

051 4
. D D \/ D )
11 1

0.5 -1 -4

-1-2 -8

-0z a 0z 04 08 0.5 1 1.2
time

This profile is most widely used in early servo systems. Because of the discontinuity in
the acceleration this motion profile can still induce a lot of vibrations. Therefore in
modern servo systems third order profiles are preferred.

Partial Trapezoidal

The partial trapezoidal profile is a second order profile. It has is equal to the trapezoidal
motion, but has a constant velocity part, during a fraction CV (%) of the motion.
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Partial Trapezoidal

12 8
051 4
== 00 0=
051 -4
-1 -2 -8
-0z 0 0z 04 0B 0a 1 1.2
time

Geneva Mechanism

A Geneva mechanism is an old motion profile generation mechanism. A continuously
rotating crankshaft (a) generates an intermittent motion of a second shaft (b). The result
is a second order profile.

The motion profile generator yields the motion of the second shaft (b). It is shown

below:
% Geneva Mechanism
@ g
4
= > 00 0m
11 1
0.5 -1 -4
-1-2 -
0.2 0 0.2 0.4 0B 0.8 1 1.2
time
Sine

The sine profile is a second order profile of which the displacement can be described as:
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x=0.5-cos (p*t)/2.

S — Sine
e 5

051 4
- oo 0m
11 ]

-0.5 1 -4

1-2 -8
0.2 0 0.2 0.4 0GB 0.a 1 1.2
time

Cubic

The cubic profile is a third order profile of which the acceleration is constantly increasing
and decreasing.

Cubic
12 B
051 4
== oo 0w
11 1
0.6 -1 -4
-1 -2 -
0.2 0 0.2 0.4 0& (HR=; 1 1.2
time

Partial Cubic

The partial cubic profile (3rd order) is a modified cubic profile with a constant velocity
during a fraction CV (%) of the motion and a constant acceleration during a fraction CA
(%) of the motion.

Partial Cubic

12 8

ns 1 4
== oo 0w
L +CA—+ 4+ CY—+ !

0.5 -1 4

1-2 -8

0z 0 nz 0.4 (IN5] ne 1 12
time

Cycloidal
The cycloidal profile is a third order profile, of which the velocity can be described as:
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v = stroke*(1-cos(t*a))

Cycloidal

12 8

0s 1 4
= o= o0 0w
11 1

045 -1 -4

-1 -2 -8

0.2 ] 02 0.4 0B 0.8 1 12
tirre

Modified Sine

The modified sine profile is also a third order profile. It is a modification of the cycloidal
profile to get a lower maximum velocity and a lower maximum acceleration.

Muodified Sine

12 8

0s 1 4
= o0 0w
11 1

045 -1 4

-1 -2 -8

0.2 ] 02 0.4 0B 0.8 1 12
tirre

Modified Trapezoidal

The modified trapezoidal profile is a modification of the trapezoidal profile (to make it a
third order profile). This profile yields a very low maximum acceleration.

Wodified Trapezoidal

12 g
051 4
ECa 5 oo 0m
[ 1
0.5 -1 A
12 -8
0.2 0 0.2 0.4 06 0.8 1 1.2

time

Modified Sine with Constant Velocity (MSC50)

The modified sine with constant velocity profile (3rd order) is a modification of the
modified sine profile. It has a constant velocity during 50% of the motion.
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Muodified Sine Constant VWelocity

12 B

051 4
== o0 0m
11 1

051 -4

-2 -8
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General Modified Sine with Constant Velocity (MSC%)

The modified sine with constant velocity profile (3rd order) is a modification of the
modified sine profile. It has a constant velocity during a user definable part of the of the
motion. The non-zero acceleration part is defined by two parameters which are both
defined as a fraction of the motion. The first parameters alpha (%) defines the start of
the acceleration and the second parameters n (%) defines the end of the acceleration.

General Modified Sine Constant Velocity

12 8
0.5 1 4
= > 00 0m
11 1
-0.5 1 -4
-2 -8
0.2 0 02 0.4 06 (IR:] 1 12

tirne

3-4-5 Polynomial
The is a third profile described by a 5th order polynomial.
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3-4-5 Polynomial

12 8
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time

1-3-5-7-9 Polynomial

The is a third/fourth order profile described by a 9th order polynomial. The profile is
characterized by two parameters that denote the initial jerk, BB, and the crossover
jerk, BM. If BB is chosen zero, this a a fourth order profile. If BB is chosen non-zero,
this is a third order profile.

1-3-5-7-9 Polynomial

o B O &= o
=3

02 0 (e 0.4 0B 0s 1 12
time

13.3 Motion Profile Wizard

Motion Profile Wizard

The 20-sim Motion Profile Wizard helps you to define motion profiles. To generate such a
profile, follow the next steps.

1. Open the 20-sim model library an go to the section Signal\Sources and drag and
drop the model MotionProfileWizard.emx to the editor. You can also select in the
Editor: Tools - Mechatronics Toolbox - Motion Profile Wizard.

2. Select the model and click Go Down.
This is a masked model. Clicking Go Down will open the Motion Profile Wizard.

4. Select the inputs and outputs:
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Motion Profile Wizard - Input/Output

OnfOH  Reset
*  +

Motion ¥ Reference
Input—p{ Prafile B ™ Derivative
‘Wizard

¥ 2 Derivative

- -
Profile  Ready
ountel

Inputs Addttional Inputs
(®) None {use intemal Time) ] Onsof
O Bxtemal Input: [ Reset
Outputs Addtional Outputs
Reference [ Profile Courter
First Derivative: [] Ready Signal

R

Back Cancel Help

A number of inputs and outputs are available:

External Input: Normally the time will be used for the x-axis of the profile. You can
however use an external input as x-axis variable.

On/Off: Use this input signal to start (onoff = TRUE) and stop (onoff = FALSE) the
profile.

Reset: When the reset signal gets high (reset = TRUE) the profile will be started.
Reference: The motion profile reference signal, e.g. position.

First Derivative: The first derivative of the motion profile reference signal, e.g.
velocity.

Second Derivative: The second derivative of the motion profile reference signal, e.g.
velocity.

Profile Counter: Gives the number of profiles that have been generated.
Ready Signal: Gets high (ready = TRUE) when the profile is completely generated.

Click Next to enter the desired profile.

You can enter as many profiles as needed to design the complete motion. You can
choose out of a humber of predefined profiles.
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Regions
| Profile Type | Start Time | Stop Time | Start Level | Endley | Add..
1 0 1 0 0 Eet...
2 Sine 1 (=previous) 3 0 (=previous) 1
3 Rt 3 (=previous) 4 1 {=previous) 1 Delete
4 Sine 4 (=previous) 6 1 {=previous) 0
5 FHat 6 (=previous) 7 0 (=previous) 0 Up
< > Down
Profile
2 = position
= yelocity
3 = acceleration ||

NN

-z

N

o 2 4 6 3 10
Time
Repetition
() Once (®) Continuous (0) Number: 1

Back Cancel Help

7. Choose the number of times the motion should be repeated.

8. Click Next to go to the last page.

In the last page, you can choose to generate Time Events and what to show the next
time (the wizard or the generated code). Use the default settings if you are not sure

what to use.
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Motion Profile Wizard - Finish

[ Generate Time Events

When selecting "Go Down" for this model, what action should be peformed
(®) Show this Wizard (O) Show Generated Code

13. Mechatronics Toolbox

Back Cancel

Help

9. Click Next to go to close the Wizard.

10. In the Editor from the Model menu Check Complete Model to make the changes

effective.

Getting Started with 20-sim 5.1

167



13. Mechatronics Toolbox

Motion Profiles

You can choose out of a number of predefined motion profiles in the Motion Profile
Wizard.

e Flat

e Ramp

e Trapezoidal

e Partial Trapezoidal
e Geneva Mechanism

e Sine

e Cubic

e Partial Cubic
e Cycloidal

e Standard Modified Sine

e Modified Trapezoidal

¢ Modified Sine with Constant Velocity (MSC50)

e General Modified Sine with Constant Velocity (MSC%)
e 3-4-5 Polynomial

e 1-3-5-7-9 Polynomial

Flat

The flat profile is a zero order profile. It has a constant position, zero velocity and
acceleration.

Ramp

The ramp profile is a first order profile. It has a constant velocity and acceleration peaks
at the start and end of the motion.

Ramp
12
051
= = o0 \;
11
0.5 -1
-1 2
0.z a 0z 0.4 06 0.s 1 1.2
time
The ramp profile.
Trapezoidal

The trapezoidal profile is a second order profile. It has a constant acceleration at the
start of the motion and a constant deceleration at the end of the motion.
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Trapezoidal
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The trapezoidal profile.

This profile is most widely used in early servo systems. Because of the discontinuity in
the acceleration this motion profile can still induce a lot of vibrations. Therefore in
modern servo systems third order profiles are preferred.

Partial Trapezoidal

The partial trapezoidal profile is a second order profile. It has is equal to the trapezoidal
motion, but has a constant velocity part, during a fraction CV (%) of the motion.

Partial Trapezoidal

12 8
051 4
== o0 0m
-0.5 -1 -4
-1 -2 -8
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time

The patrtial trapezoidal profile.

Geneva Mechanism

A Geneva mechanism is an old motion profile generation mechanism. A continuously
rotating crankshaft (a) generates an intermittent motion of a second shaft (b). The result
is a second order profile.
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A Geneva mechanism.

The motion profile generator yields the motion of the second shaft (b). It is shown

below:
% Geneva Mechanism
) g
4
= > 00 0w
11 |
05 -1 -4
212 -8
02 0 (e 0.4 0B ne 1 12
time
The Geneva mechanism profile.
Sine

The sine profile is a second order profile of which the displacement can be described as:

x=0.5-cos (p*t)/ 2.

P — Sine
e 5

051 4
= = oo 0w
11 ]

-0.5 1 -4

-2 -3

0.2 0 0.z 0.4 06 (IR] 1 1.2
time

The sine profile.
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Cubic

The cubic profile is a third order profile of which the acceleration is constantly increasing
and decreasing.

Cubic
12 &}
051 4
= = [0 0w
11 1
-0.5 1 -4
-1-2 -8
0.2 0 02 0.4 (IR (IR] 1 12
time
The cubic profile.

Partial Cubic

The partial cubic profile (3rd order) is a modified cubic profile with a constant velocity
during a fraction CV (%) of the motion and a constant acceleration during a fraction CA
(%) of the motion.

Partial Cubic

12 8

0a 1 4
== oo 0w
L +CA—+ 4+ CY—+ !
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time

The partial cubic profile.

Cycloidal

The cycloidal profile is a third order profile, of which the velocity can be described as:
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v = stroke*(1-cos(t*a))

Cycloidal
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time
The cycloidal profile.

Modified Sine

The modified sine profile is also a third order profile. It is a modification of the cycloidal
profile to get a lower maximum velocity and a lower maximum acceleration.

Maodified Sine

12 8

0s 1 4
= o0 0w
11 1

045 -1 4

-1 -2 -8

-0z 0 0z 0.4 0B (HRS 1 1.2
tirre

The modified sine profile.
Modified Trapezoidal

The modified trapezoidal profile is a modification of the trapezoidal profile (to make it a
third order profile). This profile yields a very low maximum acceleration.
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Wlodified Trapezoidal

12 g
0a 1 4
= = [0 0=
11 1
0451 -4
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0.2 0 0.2 0.4 DE 0e 1 1.2
time

The modified trapezoidal profile.

Modified Sine with Constant Velocity (MSC50)

The modified sine with constant velocity profile (3rd order) is a modification of the
modified sine profile. It has a constant velocity during 50% of the motion.

Modified Sine Constant Welocity

12 8

051 4
= = 0o 0w
11 ]

-0.5 -1 -4

-1 -2 -8

02 0 02 0.4 0B (IR:] 1 12
time

The modified sine with constant velocity profile.

General Modified Sine with Constant Velocity (MSC%)

The modified sine with constant velocity profile (3rd order) is a modification of the
modified sine profile. It has a constant velocity during a user definable part of the of the
motion. The non-zero acceleration part is defined by two parameters which are both
defined as a fraction of the motion. The first parameters alpha (%) defines the start of
the acceleration and the second parameters n (%) defines the end of the acceleration.

General Modified Sine Constant Yelocity

12 g

0s 1 4
= > 040 0 m
11 1
051 -4
1-2 -8

0.2 o 0z 0.4 0.6 0.g 1 1.2

tirre
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The general modified sine with constant velocity profile.

3-4-5 Polynomial
The is a third profile described by a 5th order polynomial.

3-4-5 Polynomial

12 B

05 1 4
ECa 5 oo 0w
11 1

0.5 -1 -4
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0.2 0 0.2 0.4 0.6 0.g 1 1.2
time

The 1-3-5 polynomial profile.

1-3-5-7-9 Polynomial

The is a third/fourth order profile described by a 9th order polynomial. The profile is
characterized by two parameters that denote the initial jerk, BB, and the crossover
jerk, BM. If BB is chosen zero, this a a fourth order profile. If BB is chosen non-zero,
this is a third order profile.

1-3-5-7-9 Polynomial

o A O &= o
=

02 0 (e 0.4 0B 0s 1 12
time

The 1-3-5-7-9 polynomial profile.
To keep the polynomial consistent, i.e. the polynomial does not change when the

amplitude is changed, the initial jerk (BB) and the crossover jerk (BM) are defined for a
standard motion with:

e stroke =1
e start time =0
e stop_time =1
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The specific shape of a motion profile can have a significant influence on the dynamic

behavior. Some profiles minimize the maximum velocity,

some profile minimize

acceleration, while other profiles tend to make a tradeoff between the maximum velocity
and acceleration. If we take a standard motion with stroke 1 and motion time 1 sec., the

following table can be generated:

profile order vmax
Flat 0 0
Ramp 1 1
Trapezoidal 2 2
Partial Trapezoidall |2 1.67
Geneva Mechanism |2 2.41
Sine 2 1.57
Cubic 3 2
Partial Cubic3 3 1.67
Cycloidal 3 2
Modified Sine 3 1.76
Modified Trapezoidal |3 2
MSC50 3 1.26
MSC%4 3 1.37
3-4-5 Polynomial 3 1.88

1-3-5-7-9 3/4 2.05
Polynomial5

1: Parameter CV = 20%

amax
0
infinite
4

4.17
8.49
4.93

5.55
6.28
5.53
4.88
9.20
7.20
5.77
10.25

i(0)

0
infinite
infinite
infinite
infinite
infinite
32
55.6
39.5
69.4
61.4
173.6
113.1
60

BB

i(1/2)
0

0
-infinite
0
-118.5
-15.5
-32

-39.5
-23.2
-61.4

-30
BM

2: For lw >> Ic the Crank Rod profile equals the sine profile, for lw > Ic performance

deteriorates.
3: Parameter CV = 20%, CA = 20%
4: Parameter n = 30%, alpha = 10%
5: Parameter BB = 30%, BM = 10%

Here j(0) is the initial jerk yerk (derivative of acceleration) and j(1/2) the crossover

(halftime) jerk.
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13.4 Servo Motor Editor

Servo Motor Editor

The 20-sim Servo Motor Editor is a program that helps engineers to choose the proper
servo motor for any electromechanical system:

e Brush DC (Iron Armature Motor, Hollow Rotor Motor, Disc Armature Motor)

e Brushless DC

e AC synchronous

e AC synchronous linear

In cooperation with motor manufacturers, motor data tables have been created for the
Servo Motor Editor. The performance of every motor can be shown by the torque speed
curve. The Servo Motor Editor can generate dynamic models for the simulation program
20-sim. In this program you can simulate the thermal and dynamic behaviour of the
servo motor in combination with control loops and dynamic loads.

Any engineer involved in the design of electromechanical machines can benefit from the
Servo Motor Editor. Precious time and money can be saved by finding the optimal servo
motor in a few minutes, without risking overheating or under-powering.

File Edit View Tools Help

Keyname Neme Type Date Price Delivery_time Info T_nom Lrmsnom omeganem Usmsnom Pnom Lifenom T | ||
13612s Mao..1  103.0 0 sin.. 031838669527 5000 16,5776 166687 0 5937
1671295 Mao.. 1  103.0 0 sin.. 00351. 228619 10000 113382 3628465 0 0418

167130 s Maxo.. 1 10/2..0 0 sin.. 0.0356.. 400083 10000 6.55356 37.2852 0 072~
« m v

Torque-Speed characteristic for Maxon EC 80

= T_max

= T_max_power

= T_ma_voltage
T_max_current

= T_max_outputpower

= T_max_eficiency
Spesd_max

= QOperating area

0 100 200 300 500 600 700

K| 4[> M Gid ) Plot [ Seach { 1< )
Mazon EC 60 Cancel

400
Speed (radis}

The 20-sim Servo Motor Editor.

Features

e Support of predefined motor data tables.
e Add your own motors to the data table.
e Quick search by multiple parameters.

e Torque-Speed curves with: line of maximum current, maximum torque, maximum
voltage, maximum speed, maximum power, maximum efficiency and maximum
power output.

e Safe Operating Area, Desired Operating Area.
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Generate dynamic models for the simulation program 20-sim. These models include
thermal effects of the coils and housing, electrical losses through dissipation,
magnetic losses through hysteresis, eddy currents and cogging.

Show torque speed curve with dynamic load curve.

Template models, covering most commercial control schemes and many mechanical
loads.

Application Areas

Control Design

Industrial Equipment and Machinery
Precision Engineering

Simulation

Utilities and Energy

Vibration Analysis and Control

How to use the Servo Motor Editor

This section demonstrates how to use the Servo Motor Editor to select the correct motor
for a drive train. The Servo Motor Editor is part of the Mechatronics Toolbox. You can
use the Servo Motor Editor to create models that include permanent magnet servo
motors. In the figure below you see a PID controlled AC synchronous motor driving a
load through a gearbox and beltdrive. In this example we will show how to create and
use such a model.

B 20-sim Editor on: ServoMotor!.emx
File Edit Miew Insert Model Drawing Settings Tools Help
DekEs FERERER Bfh s Q5
Model | Library Wey AMNBBARE L& &®-
v — model
BeltPulley
I Gear (Ideal)
[=] Load
no| PID
Pos
ServoMetor
sp
Interface  lcon  Globals 4 Y  Output Process Find avw
Opening file ¢:\Program Files (x86)\20-sim 4. Started hatronics Toolbox\ServeMot
. >
Causality assignment completed successfully
PD controlled servo motor with gearbox and belt.
Model
1. Open 20-sim and select File, New and Graphical Model.

2.

From the Tools menu select Mechatronics Toolbox and Servo Motor Editor.
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File Edit View lnsert Model Drawing Settings Tools Help

DokE2
Model  Library
v = model

2 ServoMotorl

By ANEBAR L&D W= @&

Interface | lcon  Globals
otor |.
e |

New file

47 | Output Process Find

New file

Db 4 2 FfLe? &0 5

A servo motor inserted.

3. The Servo Motor Editor will be opened automatically. If this does not happen,

force the editor to open by clicking the Go Down button.

The editor will show the default motor list and the parameters of the selected motor.

m Servo Motor Editor

0. 347 13
0.1290... 5504332108 10 v
>

Temperatures
Temp_amb {degC}  Temp _iniial {degC) Temp_max {degC}
E £ 8

000665633
0.00504061

File Edit View Tools Help
Keyname MNeme Type Date Price Delivery_time Info T.nom |smsnom emeganom Urmsnom Pnom Lifenom Tmax |rmsmax P.*
118588  iMaxo.. i 0 0 gra... | 1955 16550 5.
118743 Maxon. 3 3- 1.249797406 2430 8797507106 7.4568.. 0
<
20-sim Servo Motor Editor
General Data
Name Maxon RE 13
Info grapie brushes
Keyname Price feuro} 0
Type Brush DC movin, - | Deivery_fime {wecks) 0
Date 310105 Lbrary ServaMotor.csv
Nominal Data Max/Peak Values Hectrical Data
Torque {Nm} 0.002959452 Torque {N.m} 0.0102756. R {ohm} 35319 35319
Curent {A} 0.58712195 Current {A} L{H} 0.00011
Speed fev/mn) 6550 Speed fpm} 16000 apha_c (1/degC} 00032
Voltage {V} 58775583 Voktage {V} 95509379 iic {1/deqC} 0.00105
Power (W} 20299329 Power {W} 3 Poles 2
Life thour} []
Themal Data Physical Data Derived Data
Temp_amb {deaC} 25 F_axial {N} 08 K_nom {Nm/A}  0.0066563838
Temp_inital {degC) 25 F_radial {N} 14 K_max {Nm/A}  0.0050406083
<
|4/ > M\ Grid [ Plot ] Geach | I
Maxon RE 13

-

43626
0.00623704
0.00472305 v
>
Cancel

You can choose from a list of existing servo motors in the Servo Motor Editor.

4. From the File menu choose Open Database.

5. Load the file ServoMotor.csv. You can find this file in the folder C:\Program Files\20-

sim 5.1\Tools\Servo Motor Dynamics

Use C:\Program Files (x86)\20-sim 5.1\Tools\Servo Motor Dynamics on 64-bit versions

of Windows

Now the Servo Motor Editor will show a list of motors.
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8.

13. Mechatronics Toolbox

From the list choose the Maxon EC 60 motor with keyname 167131 s (almost at the

end of the list).

‘o Motor Editor

File Edit View Tools Help
Keyname Name Type Date Price Deliverytime Info Tnom Iirms.nom omeganom Urmsnom Pnom Lifenom Tmax Lemsmax P4
1362125 Maxo.. 1 0 sin.. 0.3183.. 6.69527 165776 166687 0 593761 117818 19
1671295 Maxo... 1 0 sin... 0.0351... 2.28613 113382 368465 0 04188..263438 39
Mexo 00356, 655356 372852 0 0.7257... T8.9616
NI 221518 11 5180 111 200 &
>
20-sim Servo Motor Editor
General Data
Name Maxon EC 60
Info sine commutation
Keyname Frice feus) ] Temperatures
Tyee AC synchronous ~ | Delivery_time {weeks) 0 Temp_amb {deqC}  Temp_inital {deaC) Temp_max {deqC}
Date 10/31/05 Library. Maxon 2006 cse % % 125
Nominal Data Max/Peak Values Hecirical Data
Torue {Nm} 0719425 Torque {Nom} S5 R {ohm) 132 112 155904
Currert (4} 232743 Curert () L)
Speed {rev/min} 5000 Speed {pm) 7000 alpha_c {1/degC)  0.00352
Voktage {V} 562755 Vokage {V} 76,7883 Kic {1/degC} -0.00105
Power {V} 37669 Power (W} 2 Poles £} 2
Life thour} 0
Thermal Data Physical Data Derived Data
Temp_amb {degC} 25 F_avial {N} [] K_nom (Nm/A)  0.25582736 0255827 022895
Temp_intial {deaC} 25 F_radial {N} [] Kmax (Nm/A)  0.18040405 0.180404 0.161462
Temp_max {degC} 125 m da) 245 S INm.s/rad} 0.038956928 0.0383569 00224177
RT1{decC/W) 05 D_motor fm} 006 tau_m s} 00021331251 0.00213313 000370689
RT2{decC/W) 13 L_motor {m} 01773 P_clis (W) [ [] 55,5556
CT1{degC} 76 D_shaft {m} 00135 tau_T16s) E)
CT2{l/degC} 823077 L shaft {m} 0032 tau T24) 12000001
Mechanical Data Addtional Data
J_retor {kgm2} 20sim_medel {}
diNmsiad) 735305
T fiic (Nm) 002
T_cog {Nm) 0
[« > G [P ooh T
Maxon EC 60 cancel

Display the characteristic parameters of a selected motor.

Click the Plot tab to inspect the torque speed curve.

‘o Motor Editor

File Edit View Tools Help

Keyname  Name

Tpe D P D Info Tnom Irms_nem  omeganom  U_rms_nem P_nom Life.nom T4
252463b  MaxonEC45 6 3.0 0 blo. 0.297 436 40,90601021 155.5000160 0 44
3.0 0 blo.. 0687 53 7958563143 307127764 0 [ 14

167131b  Maxon EC 60 6
<

Torque-Speed characteristic for Maxon EC 60

= T_max

= T_max_power

= T_max_voltage

= T_max_current
T_max_outputpower
T_max_efficiency

= Speed_max

= Operating area

0

Maxon EC 60

100

K| 4| » [ WTGid ) Plot {Seach ] i

200 300 500 600 700

400
Speed{radls}

Show a torque speed plot of the selected motor.

Click the OK button to close the editor and generate the dynamic model.
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The 20-sim editor will now look like:

B 20-sim Editor

File Edit View lnsert Model Drawing Settings Iools Help
L B i |, a
DeakEe OOx<Dhh ¢ § #fhe s RO &
Model  Library Reg ANEBARE Lalh- W= &
v = model
ServoMotor!
Interface | lcon  Globals 4 T | Output Process Find av
New file
Y
Causality assignment completed successfully

The selected motor is now inserted in 20-sim.

9. Add the following models and connect them until your model looks like the figure
below. Try to give the same submodel names as indicated in the figure.

model library model

Iconic Diagrams\Mechanical\Translation\Sensors PositionSensor-Absolute
Iconic Diagrams\Mechanical\Translation\Components Mass (Default)

Iconic Diagrams\Mechanical\Translation\Transmission BeltPulley

Iconic Diagrams\Mechanical\Rotation\Gears Transmission (Ideal)
Signal\Block Diagram PlusMinus
Signal\Sources SignalGenerator-Cycloid

Signal\Control\PID Control\Continuous PID

B 20-sim Editor

Eile Edit View nset Model Drawing Settings Iools Help

DaktE: O FERERER sFre s @O 5
Model  Library Ren AAEEA L& Ly

<+ Controller-PI -
& Controller-PID_p_sp_aw_u0_tr
Controller-PID_p_sp_aw_ud
Controller-PID_p_sp_aw
Controller-PID_p_sp
Controller-PID_p
Controller-PID_s_sp_aw_ul_tr
Cantroller-PID_s_sp_aw_u0
Controller-PID_s_sp_aw

“r Controller-PID s sp

2~ Controller-PID_s =
= ControllerWizard

Losa

BekPulzy

Discrete
Cost Functions ~

Interface  lcon  Globals 4 Y Output Process Find
69 equations

60 variables
name 9 independent states
The model has 0 errors and 4 wamnings.

Medel processing succeeded

The complete model of the belt driven load.
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10. From the File menu click Save as. Store the model in a temporary directory (e.g.
C:\temp) using the name ServoMotor.emx.

If you have problems creating the model, load the model ServoMotorl from the Getting
Started\Mechatonic Toolbox section of the library.

Simulation

11. In the Editor toolbar from the Model menu select the Start Simulator command.
12. In the Simulator, click the Parameters command from the Properties menu.

13. As you will see the parameter values for the AC motor have been filled in
automatically by the Servo Motor Editor. Enter the other parameters as:

Parameter Value
Load\m 20
PID\kp 5000
PID\tauD 0.05
PID\beta 0.1
PID\taul 20
BeltPulley\radius 0.1
Gear\i 20
SP\start_time 1
SP\amplitude 1
SP\stop_time 2

14. From the Properties menu select the Run command and change the default values

to:

Start 0
Finish 4
Method Vode Adams

15. In the tree, select the plot (model). From the right mouse menu, select Rename
and rename it to position.

16. From the right mouse menu, select Plot Properties.

17. From the Properties menu select the Plot command. Add the following plot
variables to the Y-tab.

Variable Label
SP\output SP
Pos\x X

18. Click on the Shared Axis option to select it.
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19. Close the Plot Properties Editor and run a Simulation. It should look like the next

figure.

PR 20-sim Simulator

File View Properties Simulation
in a

Ho & s 2w

[T Plot Windows

Tools

Help
J KK

Pl TE

~ ] Window 1

v [A] position
vosp

¥ x{m

}

position

15

@ R0

=3P
= xfm)

2
time {s}

Starting Simulation in Debug Mode - Arch:AVX2
Simulation Runni

ng..
pped after 0.014 seconds. Model calculations: 2601

E
= ished Simulation - 0 errors, 0 warnings =======

Number of output points: 882

20-sim 4. (c) 2021 Controllab Products B.V.

Average steps per second: 185785

Simulation of the drive system.

As you can see the motor is able to drive a load of 20 kg. Now we are going to inspect

the thermal behaviour of the motor.

19. In the tree at the left click on Window 1 to select it.
20. From the right mouse menu select Add Plot - Plot.
Now a second plot will be visible.

20. Rename the plot to temperature.

21. Open the Plot Properties Editor (Properties - Plot). Add the following plot

variables to the Y-tab.

Variable

ServoMotor\Temp_coil
ServoMotor\Temp_housing

22. Click on the Shared Axis option to select it.

Getting Started with 20-sim 5.1
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23. Run a new simulation. The Simulator will look like the next figure.

PR 20-sim Simulator

Flle View Properties Simulation Tools Help

{Output |

Starting Simulation in Debug Mode - Arch:AVX2

i n Running..
n stopped after 0.017 seconds.  Model calculations: 2601
= Finished Simulation - 0 errors, 0 wamings =======

Number of output points: 882

p! i e e
He D 42wm/ MKIPIP» HE @ £ @
[T Plot Windows position temperature
~ [ window 1 . 254
v [ position 15 :ﬁm\{qegcd) .
o x{m} ousing {degC)
¥ x{m} 253
> 1 temperature ,
252
0.8
251
0 25
0 0.8 1 15 2 25 3 35 4 0 0s 1 5 2 25 3 35 4
fime {s} time {s}

Average steps per second: 153000

In the Simulator you can open additional plots.

The coils heat up immediately and the housing heats up gradually. We have to run a
simulation for a longer time, to see if the motor will overheat. We can also inspect the

torque speed curve to inspect the thermal behaviour.

24. From the View menu choose New Plot Window. This will open a new plot.

25. Open the Plot Properties Editor (Properties - Plot). Add the following plot

variables.
X-axis Variable
ServoMotor\omega_range
y-axis Variable

ServoMotor\T_100
ServoMotor\T_25
ServoMotor\Torquemax
ServoMotor\T_abs

Label
speed

Label
T_100

T_25

max torque
load torque

For the variable ServoMotor\T_abs we will choose a separate x-axis.

26. Select the tab with Load Torque and then select the Separate X-Axis option at

the bottom of the Plot Properties Editor.

27. Click the Choose button next to the Separate X-Axis option and select the variable

ServoMotor\omega_abs.
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Your Plot Properties Editor should now look like:

Plot Properties

PlotProperties X-Axis Y-AXS
add Curve Delete Curve
T_100 T_25 maxtorque load torque
Variable Name:
‘ ServoMotor\T_sbs ‘ Choose
Label
[load torque | HAsnonunit
Line Properties Tick Properties
Line Style: Tick Style
Order
— s None -
Ozero
Thickness: Vin. Distance (pixels):
= @ First. 5
i |4 1 - g
Multiplication/Offset
¥'=m*{Y+a)+b
m 1 | afo | bfo
szl Shared V-Axis
QO Manual @ Automatic
Opest O clip to Bounds
From: Tor
[z =i :
x £ Hep
Show Values Separate X-Axis: [] | ServoMotorlomega_abs | | Choose
oK Cancel

You can choose a separate x-axis for every plotted variable.

28. Run a new simulation. The extra plot will look like the next figure.

% 20-sim: Window 2 - o
File View Properties Simulation Tools Help
Ha B $2wnl/ WKkivew HE & & @
[ Plot Windows Plat
[T Window 1 &
] Window 2 = T_100{N.m}
5 @ Piat = T_25{N.m}

= max torque {N.m}
= load torque {N.m} 1

|

0 100 200 300

400
speed fradis}

Torque speed plot with the duty cycle lines and the load torque.

The load torque, i.e. the torque that is applied by the motor to drive the load, is
completely under the 25% duty cycle curve. This means the motor will never overheat
when once every 4 sec there is a step change of 1 s. The motor curve is even under the
100% duty cycle. This means it wouldn't overheat if we would apply 4 steps in 4 s. If we
stick to the 25% duty cycle, we might choose a lighter motor.

29. Go to the Editor. Select the ServoMotor model and click Go Down.
30. In the Servo Motor Editor choose the motor with keyname 252463 s.

This is a motor with less power (156 W vs. 312W), a smaller maximum torque (5.14 Nm
vs. 6.59 Nm) and a higher maximum speed (10000 rpm vs. 7000 rpm)
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31. Click OK to close the Servo Motor Editor.

32. In the Editor from the Model menu click the Check Complete Model command.
This will ensure that the new motor will be used in the simulation.

33. In the Simulator from the Simulation menu choose Clear - All Runs.

34. Now run a new simulation. The torque speed plot will now look like:

B 20-sim: Window 2
File View Properties Simulation Tools Help
H2 B ¢2wnl/ WKkvMew HE & & @
[T Plot Windows Plot
[ window 1 g
~ [[] Window 2 = T_100{N.m}
7 Plot = T_25{N.m}
> o = max torque {N.m}
= load torqus {N.m}
6
4
2
0 Y
-2
0 200 400 600 800 1000
speed fradis}

The motor torque crosses the 25% duty cycle line. This means the motor will overheat.

The load curve now crosses the 25% duty cycle line. This means the motor will heat up
higher than the allowed maximum. To prevent this from happening we will use the
higher maximum speed of the motor. This can be done by changing the gearbox ratio.

35. In the Simulator, from the Properties menu click the Parameters command.
Change the gearbox ratio Gear\i to 40.
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36. Clear the previous simulation and run a new simulation. The torque speed plot will

now look like:

File View Properties Simulation Tools Help

Ha b s 72wml/ WK

@ Plot Windows

Mo HE

9 R @

Plot

[ Window 1 8
~ [[] Window 2
> Plot

= T_100{N.m}
=T_25{Nm}

= max torque {N.m}
= load torque {N.m}

800 800
speed {rad/s}

1000

Changing the gearbox ratio will keep the motor torque under the 25% duty cycle line.

Now the load curve does not cross the 25% duty cycle line anymore. You can also load
the model ServoMotor2 from the Getting Started\Mechatonic Toolbox section of the

library to show the final result.

You can load the model ServoMotor3.emx from the Getting Started\Mechatonic Toolbox
section of the library, to see a long simulation of the motor temperature. In this model
the setpoint generation is performed by a motion profile block which outputs a repeating
signal with a duty cycle of 25%. As you can see from the plot the coil temperature
increases to 43 °C which is far below the maximum temperature of 125 °C.

Simulater on: ServoMoter3.emx

FEile View Propetties Simulation Tools Help
HD B $2wm/ WK

D Plot Windows

M HE B £-@

temperature

~ [[] Window 1
> [ temperature

40

25

= coil {deqC}
= housing {degC}

0 1000 2000

{"Gutput |
======= Finished Simulation - 0 errors, 0 wamnings =======
Save experiment.

Experiment saved as C:\Users\kln\Desktop\ServoMetor3.emsx

<

5000
time {s}

3000 4000 6000 7000

8000 9000 10000

v
>

A simulation of the motor temperature.

Getting Started with 20-sim 5.1

186



14. Real Time Toolbox

14 Real Time Toolbox

14.1 Real Time Toolbox

The Real Time Toolbox provides you with C-code generation tools and templates for all
kinds of different targets and platforms.

With 20-sim you are able to generate C-code as well as MATLAB code for every 20-sim
model that you have created, whether it is a continuous or discrete-time model. The C-
code can be created for several targets, like MATLAB Simulink, but also for Rapid
Prototyping (RP) systems and Hardware-In-the-Loop (HIL) simulations.

Matlab Simulink

Generating C-code for use in MATLAB Simulink also includes a submodel block with input
and output terminals. 20-sim uses the MEX-compiler, to compile this code directly into an
S-function. These S-functions can also be used in the Real Time Workshop in order to
generate code for a specific platform, for instance xPC Target.

C-code

20-sim can generate standalone C-code for use in C and C++ programs. The generated
C-code is supplied with several fixed step simulation algorithms to assure that it will run
in real-time. The Euler and RungeKutta 4 method are supported by default.

All C-code templates are open and can be adapted by the user to assign compilers, run
ftp-sessions and automate almost everything between the 20-sim code generation and
the actual running of the code on a (remote) machine. During C-code generation support
code is generated for 20-sim operators like matrix calculations and trigonometric
functions.

20-sim 4C

With the Real-Time Toolbox you can generate code for 20-sim 4C. 20-sim 4C is a
program that is sold separate from 20-sim. 20-sim 4C is a prototyping environment that
enables you to connect 20-sim models to physical systems. The models can be executed
as real-time C-code on hardware like PC's or ARM-9 based processor boards. This
enables you to perform various tasks:

¢ Measurement and Calibration: From 20-sim 4C you can export C-code that will
operate and read sensors.

¢ Machine Control: With 20-sim 4C you can export code to external targets to control
the operation of machines. In 20-sim 4C you can start and stop the controller and
change parameters during run-time.
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e Rapid Prototyping: 20-sim models can be exported to 20-sim 4C with the click of a
button and executed on a target with a second click. This makes 20-sim 4C a
valuable tool for rapid prototyping.

20-sim 20-sim 4C embedded system

20-sim 4C allows you to run C-code, generated in 20-sim, on real machines.

More information on 20-sim 4C can be found on the 20-sim website www.20sim.com.
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15. Time Domain Toolbox

15 Time Domain Toolbox

15.1 Time Domain Toolbox

During simulation, the time domain behavior of a model is calculated. Based on this
time-domain behavior, the model can be analyzed. A set of powerful methods for time
domain analysis is available in 20-sim.

Parameter Sweep

Parameter sweeps are multiple simulations with a variation of parameter values. It is a
quick method to see how your model behavior depends on the parameter values.
Optimization

Using Optimization, you can maximize the performance of your model by varying
specified model parameters. Predefined or user defined cost functions can be used as a
measure of model performance. A number of well known optimization methods can be
used to minimize or maximize these cost functions.

R 20-sim Simulator

File View Properties Simulation Tools Help

[ Plot Windows 04 Cantraller T
N 2 ontroller Tuning
[T Controller Tuning 03 = reference

7] Centroller Tuning 0 = plant output
[A] Centroller Output
4] Cost Function o1

0

Controller Output

= controller output
0 *fﬁ,
2

CostFunction
= costfunction

008
00
002

2
< > time (s}

== inished Simulation - 0 errors, 0 warnings ======= )
Simulating in multiple-run mode.
Starting Multiple Run Simulation

Muttiple Run Simulation Running...
v

Run Number: 33

Using optimization to find controller parameters with optimal disturbance rejection.

Curve Fitting

With Curve Fitting you can fit model performance to a given result by variation of
parameters. It is a very useful method to optimize model parameters when
measurement data is available.

Sensitivity Analysis

Sensitivity Analysis is used to investigate the effect of parameter variation on model
performance. The change in performance divided by the parameter change is plotted in
a table. Sensitivity Analysis is a well-known method in production engineering to find
critical systems tolerances in early stages of the design
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Monte Carlo Analysis

With Monte Carlo Analysis, you can perform a predefined number of simulation runs with
statistical variation of parameter values. Results can be shown as histograms or
inspected numerically. Monte Carlo Analysis is a powerful method to find out worst case
model behavior.

Variation Analysis

With Variation Analysis you can find the statistical range of parameter values that yield a
model with a certain performance level. Variation Analysis is a powerful method to find a
measure for system tolerances in the early stage of the design.

15.2 Parameter Sweep

Introduction

Using the Parameter Sweep option of the Time Domain Toolbox, you can perform a
predefined number of simulation runs with variation of parameters / initial values.

Example

1. From the Getting Started Manual\Time Domain Toolbox library open the model
ParameterSweep.

2. Open the Simulator.

3. In the Simulator, from the Tools menu select the Time Domain Toolbox and
then Parameter Sweep.

A window will open, asking you which parameters values should be changed during the
multiple simulations. Here the parameters Lever\L\r and Bellows\K\k are already
entered.
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Parameters/Initial values

Parameter Sweep: Choose the Parameters/Initial values that will be changed during the
muttiple run simulation

Parameter/Intial Values

MName Type Minimum Maximum  Sweep

Lever\L\r Parameter 01 1 Linear

Bellows K Parameter 20 250 Linear

Sweep
Add Add Group Delete @ Linear
Logarithy

Minimurm: Maximum: O Logathmc
0.1 =1 [ =

Help

Back Cancel

4. Click the Next button.

Result

A window opens asking you which result (optional) should be shown after the
simulations:
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Result
Parameter Sweep: Choose the result you would like to monitor {optional).
Result = Function {varl - var2)
varl
Wariable: | Clear
Choose Variable
var2
Variable: () | | Clear
Value: (@) l:l Choose Variable
Function
(O End Value () Sum Absolute Value (®) Integral Absolute Value (Euler)
() Sum Square Value () Integral Square Value {Euler)
Help
Back Cancel

Here the integral of the pipe air flow (e.g. the total air volume) is chosen. For a
parameter sweep, you do not have to fill in a value, but it is nice to see which set of

parameters will give a maximum air flow.

5. Click the Next button.

Run options
A window will open, asking some simulation run options:
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Multiple Run Properties X

Steps: |§ = Actual Number of Steps: 25

0 Copy From States (use end result from previous run as starting
value for the next run)

[ Join Parameter Variation
Draw During Simulation

[ Clear After Every Run [ Redraw After Every Run

Help

Back Cancel

You can select the following items:

e Steps: Number of simulations runs.

e Copy from States: Use the result of the previous simulation runs as the starting value
e numerical output of the parameter sweep.

e Join Parameter Variation: Change all parameters simultaneously.

e Clear After Every Run: Clear the simulation plot when a new simulation run starts.

e Redraw After Every Run: Update the scaling after every run.

Here the two parameters will be varied 5 times independently, requiring 25 simulation
runs.

6. Click the Next button.

A window will open with a summary of the chosen options. If your are not satisfied you
can use the Back button to go to a previous window and change settings.

7. Click the Finish button to close the Multiple Run Wizard.

8. From the Simulation menu click the Multiple Run command to perform the
Parameter Sweep.

Now the Simulator will perform the 25 runs and show the results in the plots. If you click
View - Numerical values, you can inspect the runs and see that run number 10 will give
the largest air flow.
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#® 20-sim Simulator

File View Properties Simulation Tools Help

He B 42wm/ WKIIPIiPWw AE B £@
@%ﬂm‘::‘r:ﬁlmp-l’luls 0002

> flow 0.001

> current
v ﬁ Window 2 0
1) 3D Animation -0.001
-0.002

02

0 0.05 0.1 015 0.2 0.25 0.3
< > time {s}

Starting tiple Run Simulation ~
Multiple Run Simulation Running...
Multiple Run Finished

Parameter Sweep Results

After simulation has been done, a Multiple Run Results window will open, showing the
minimum and maximum value of the result and chosen parameters.

B™ 20-sim Multiple Ru... — a

Select a variable:
Pipe\Air_Flow\input {m3/s}
LewveriL\r
Bellows\ Kk

Minimun: | 1.1155130880146523-5 |

Maximum : | 3:534955985506453¢-4 |

Output: | Values Matlab

Here the maximum and minimum air flow volume is shown. You can select the following
items:

e Values: Choose this button to open the list that shows the numerical output of the
parameter sweep.
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e Matlab: Export the results to Matlab.
e OK: Close the Multiple Run Results Window.

You can always re-open the Multiple Run Results window, by selecting the Multiple Run
Results command of the View Menu.

9. By choosing the Values button, a new window is opened, showing the numerical
results of the parameter sweep.

In the Results list of this window the subsequent runs are shown and (if available) the
value of the chosen result:

2 Multiple Run Results

Step Pipe\Air_Flow\input {m3/s} LeveriLly Bellows Kk
1 1,115513038015e-05 o1 20
& 1,122073942985e-05 o1 77.5
11 1.128534376178e-05 o1 135
15 1,134965130599e-05 o1 1925
21 1.141516610886e-05 0.1 250
2 3.695063054742e-05 0.325 20
7 3.93233300262=-05 0.325 77.5
12 4.195341461809e-05 0.325 135
17 4.495798675895e-05 0.325 1925
2 4.842923404213e-05 0.325 250
3 6.50566293068e-05 0.55 20
25 7.312195597303e-05 1 250
8 7.8920673732=-05 0.55 77.5
4 9.750361366992e-05 0.775 20
13 9.995211471966e-05 0.55 135
0.0001158465446465 1 192.5
13 0.0001344506817308 0.55 192.5
5 0.0001373015043516 1 20
9 0.0001534986239375 0.775 77.5
24 0.0001558040578369 0.775 250
23 0.0001947238869766 0.55 250
15 0.0002583738163335 1 135
14 0.0003035143651966 0.775 135
15 0.0003099847414353 0.775 192.5
10 0.0003534955985506 1 77.5
oraetervakas 1 e S setvaes...
Datafile
Pipe\Air_Flow jnput {m3/s} Push this button to create a
L Datafile with the selected
wvariables:
Create Datafile...

Here the 25 runs are shown with the parameter values and resulting air flow volume. As
you can see, run number 10 gives the maximum air flow. You can select the following
items:

e Step: Click on Step or the other column headers to sort the runs.

e Set Values: Choose the values of the selected run, as new parameter values of your
model.

e Create Datafile: Use this button to store the values of the selected variables on file.
Use the control-key and shift-key to make multiple selections.
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15.3 Optimization
Using the Optimization option of the Time Domain Toolbox, you can optimize a given
result using variation of parameters / initial values.

Optimization Method

1. From the Getting Started Manual\Time Domain Toolbox library open the model
Optimization.

2. Open the Simulator.

3. In the Simulator, from the Tools menu select the Time Domain Toolbox and
then Optimization.

A window opens asking you which optimization method should used:

Optimization/CurveFitting X

Optimization can be performed using several methods. Choose the desired method and
tolerance (accuracy of the found result)

Ciptimization

Method: | Broydon Fletcher Goldfarb Shanno ~| (O Minimize
Tolerance: (001 = (®) Maximize
Description

Broydon Fletcher Goldfarb Shanno (gradient search):

The Broydon Fletcher Goldfarb Shanno method not enly uses the gradient of a
function, but also the second order gradient to determine the search direction. The
second order gradient is estimated based on previous search directions. The search
direction is kept for each new step until a minimum has been found. Then a new
search direction is determined and the process continues.

Help

Back Cancsl

Here the optimization method is already chosen.

4. Click the Next button.

Parameters / Initial Values

A window will open, asking you which parameters values should be use for the
optimization. Here the parameters Lever\L\r and Bellows\K\k are already entered.
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Optimization: Choose the initial values that may be changed by the
optimization method.

Parameter/Initial Values

Name Type Minimum Maximum
controlep {F Parameter 0.1 5
controltauD {s} Parameter 0.1 5
Add | [ AddGowp | [ Deete |

Minimum: Maxdmum:

L] [
0.1 j 5 j
Nominal Value:
2 =

Help
<Back | Net> | [ Gancel |
tl

5. Click the Next button.

Result

A window opens asking you which result should optimized:

Optimization: Chooge the result that should be optimized by the optimization method.

Result = Function {varl - var2)

varl
Varizble: | | Clar
Choose Wanable
var2
Variable: () | | ‘ Clear |
Value: (@) l:l Choose Variable
Function
() End Value () Sum Absolute Value (®) Integral Absolute Value (Euler)
(C) 5um Square Value (O Integral Square Value (Euler)
Help
Back |[ MNed | | Cancel |
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Here the integral of the pipe air flow (e.g. the total air volume) is chosen.

6. Click the Next button.

Run options
A window opens asking some simulation run options:

Multiple Run Properties

Draw During Simulation
[] Redraw After Every Run

Optimization./Curve Fit Options
(®) Start with nominal Value

() Start with parameter sweep and use best resuit

() Start with random values and use best result

Help

Back Cancel

7. Click the Next button.

A window opens with a summary of the chosen options. If your are not satisfied you can
use the Back button to go to a previous window and change settings.

9. Click the Finish button to close the Multiple Run Wizard.

10. From the Simulation menu click the Multiple Run command to perform the
Optimization.

You will see the Simulator perform many simulation runs. After a maximum has been
found on the starting run and the runs with the maximum air flow is shown.
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#® 20-sim Simulator

File View Properties Simulation Tools Help

He B 42wm/ MWKIIPIPWw AE B £0
e L AN A NN AN A A NN AN
-0.002 VVVVVVVVVVVVV\/

-0.004

01

=

NN ALALALAALALALAL AL AL AL AL A
NV NN VNN TN NN N

=)

-0.1

-0.2
0 0.05 0.1 0.15 0.2 0.25 0.3
< > time {s}
E av
Starting Multiple Run Simulation ~
Multiple Run Simulation Running...
Multiple Run Finished
w

Optimization Results

After simulation has been done, an Optimization Results window will open, showing the
optimum value of the result and corresponding parameters:

™ 20-sim Optimiza...

mm S

Select a variable:
PipehAir_Flowhinput {m3/s}
LeveriLir

Bellows\K\k

Optimum: | 4.6578279486138996e-4

Output: | Values Matlab

Here the maximum air flow volume is shown. You can select the following items:

e Values: Choose this button to open the list that shows the numerical output of the
optimization runs.

e Matlab: Export the results to Matlab.
e OK: Close the Optimization Results Window.
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You can always re-open the Multiple Run Results window, by selecting the Multiple Run
Results command of the View Menu.

11. By choosing the Values button, a new window is opened, showing the numerical
results of the parameter sweep.

In the Results list of this window the subsequent runs are shown and (if available) the

value of the chosen result:

Multiple Run Results

Step Pipe‘air_Flow\nput {m3/s} LeveriLly Bellows'KY =
55 0.0004481062755182 0.9748135629455 98.46984715745
51 0.0004506239534871 0.9889543781793 95.01747707305
66 0.0004526333923999 0.9897434269563 105.8528523901
53 0.0004585489718167 0.9961223324318 95.26228535671
61 0.0004591732836738 0.9991 94,56145273289
63 0.0004533001952645 1 94,33145273289
a0 0.0004599798462591 1 94,56145275289
62 0.0004539798462591 1 94,56145275289
64 0.0004606217178632 1 94,79145275289
63 0.0004540107622232 0.9952022856954 93.85242302997
70 0.0004542924738021 0.9961022856954 93,62242302997
&5 0.0004643344974166 0.9965811423138 98,32525265196
67 0.0004543846938273 0.9961022856954 98.85242302997
71 0.0004644411185035 0.9961022356954 99.08242302997
69 0.0004647363659371 0.9970022856954 98.85242302997
75 0.0004554545145902 0.9991 93.47219978359
) 0.000465729561491 1 98.16231325475
7 0.0004557484183707 1 98.24219978359
73 0.0004657559080435 1 93, 27908394706
80 0.0004657670140573 1 98.33850082686
73 0.0004557698849115 1 93.70219973359
72 0.000465775478122 1 93.66131000233
74 0.0004657827948614 1 98.47219978359
75 0.0004657327948614 1 98.47219975359
81 0.0004657327948614 1 98.47219978359 v
Doraeter vl 1 e S setvalues...

Datafile

Push this button to create a

Datafile with the selected

variables:

Create Datafile. ..

As you can see Here the 81 runs are performed and shown with the parameter values
and resulting air flow volume. As you can see, run number 81 gives the maximum air
flow. You can select the following items:

e Set Values: Choose the values of the selected run, as new parameter values of your
model.

e Create Datafile: Use this button to store the values of the selected variables on file.
Use the control-key and shift-key to make multiple selections.

15.4 Sensitivity Analysis

Using the Sensitivity Analysis option of the Time Domain Toolbox, you can detect which
variations in parameter values will give the largest deviation of a given metric. If, for
example, the metric is the accuracy of a machine, with sensitivity analysis you can
detect how sensitive the machine is for parameter changes, with respect to that
accuracy.
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Sensitivity analysis starts with a simulation run with nominal parameter values. After the
run a given result is monitored (r). Then, one by one, each parameter (pi) is changed
with a given percentage (to pi + dpi) and a simulation run is performed. After the
simulation run the changed result is monitored (r + dri). After all the runs, the results
are displayed as sensitivities, where sensitivity is defined as the change in result divided
by the change in parameter:

Si = dri / dpi

A large sensitivity means that the result is highly dependent of the parameter value. This
can be used for optimization (change the parameter value) or design (change the design
to make it less dependant of the parameter).

Parameters / Initial Values

1. From the Getting Started Manual\Time Domain Toolbox library open the model
SensitivityAnalysis.

2. Open the Simulator.

3. From the Tools menu select the Time Domain Toolbox and then Sensitivity
Analysis.

A window opens asking you which parameters / initial values should be changed for the

sensitivity analysis:

Parameter Sensttivity is the change in result divided by the parameter change. Choose the
parameters/initial values for which the sensitivity should be obtained.

Parameter/Intial Values

Mame Type Minimum Maximum Nominal ... Per ™
J_motor\J fegm2/rad] Parameter 7506 22505 1.5e-05 1%
Pulley 1% radius {m} Parameter 0.00716.. 00214859 00143239 1%
J_Bett\J dka m2/rad} Parameter 1.2e-06 3 6e-DB 2406 1%
J_Spindle®J kgm24r... Parameter 1.56e-05 46805 312205 1%

1%

M EndEffector'm a} Parameter 1.1535 3.4605 2307 5
< >
Add Add Group Delete
Minimum: Maximum:
[75e06 3 [225e05 =
Nominal Value Vary with Percentage:
|1 5e-05 = |1 <,

=%

Help

As you can see the parameters have already been entered.

4. Click the Next button.
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Result

A window opens asking you which result should be monitored for the sensitivity:

Result
Senstivity Analysis: Choose the result that should be monitored.
Result = Function {var1 - var2)
varl
Variable: | SR Clear
Choose Variable
var
Variable: () | Clear
Value: (@) l:l Choose Variable
Function
(O End Value () Sum Absolute Value (®) Integral Absolute Value (Euler)
(C) Sum Square Value (D) Integral Square Value (Euler)
Help

The integral absolute value of the position error is chosen here.

5. Click the Next button.

Run options

A window opens asking some simulation run options:
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Multiple Run Properties

Draw During Simulation

[ Redraw After Every Run

Help

Back Cancel

6. Click the Next button.

A window opens with a summary of the chosen options. If your are not satisfied you can

use the Back button to go to a previous window and change settings.
7. Click the Finish button to close the Multiple Run Wizard.

8. From the Simulation menu click the Multiple Run command to perform the
Sensitivity Analysis.

Now the Simulator will perform a number of simulation runs and show the results.

Sensitivity Analysis Results

After simulation has been done, a Sensitivity Analysis Results window will open, showing

the sensitivities:
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ultiple Run Sensitivity Analysis Result

y = Criterium Result = Error'\plot {m}
% = Parameter MNominal Value x dx(%) dy dy (%) dy/fdx Sensitivity (%)
I_motord {kg.m2/rad} 1.5e-05 1(%)  9.060537402007e-08  0.1769459404765(%) 17.69458404765(%)
Pulley1\radius {m} 0.0143239 1(%)  5.855036234665¢-06 1143447509899 (%) 1143, 447509899(%)
J_Belt\ {ka.m2frad} 2.9e-06 1(%8) 1.468870802411e-08 0.028368601651748(%) 2.868601651748(%)
1_spindie)] {kg.m2frad} 3.12e-05 1(%)  1.939539435485e-07 0.3787979774778(%) 37.879797747T8(%)
M_EndEffector'm {ka} 2.307 1(%)  1.597391212938e-07  0.3119592999192(%) 31.19592999192(%)
Pulley2\radius {m} 0.0143239 1(%) -1.406659318546e-05 -27.47106987219(%) -2747,106987219(%)
K_Beltlk {N/m} 2300000 1(%) -4.948943821432e-09  -0.009664940168503(,..  -0.9664940168503(%)
Gearyi -1 1(%8) 1.406399767474e-05 27.46600102181(%) -2746.600102131(%)
Spindle'r_spindle {m} 0.02 1(%)  5.753488513387e-06 11.2361597171(%) 1123.61597171(%)
Spindle\alpha {rad} 0.1570796326795 1(%)  5.890256798164-06 11, 503258389 16(%) 1150,325838916(%)
K_Shaft\c {N.m/rad} 410 1(%) -5.464376809897e-09  -0.0106715448187(%) -1.06715448187(%)
K_Frame f {N/m} 4300000 (%) -4.792313078927e-08  -0.0935905131434(%) -9,35905131434(%)
M_Frame'm {ka} 16.8 1(%s) 2.446002029023e-08 0.04775870402158(%:) 4,776870402158(%)
Multiple Run Values Help

As you can see, a change in pulley2 radius will by far give the largest change in error.
I.e. the system is very sensitive to changes in the pulley2 radius. You can select the
following items:

e Multiple Run Values: Choose this button to open the list that shows the output of the
various runs performed during the sensitivity analysis.

e C(Close: Close the Sensitivity Analysis Results Window.

You can always re-open the Multiple Run Results window, by selecting the Multiple Run
Results command of the View Menu.

15.5 Curve Fitting

Using the Parameter Sweep option of the Time Domain Toolbox, you can fit your model
to a given result using variation of parameters / initial values.

Optimization Method

1. From the Getting Started Manual\Time Domain Toolbox library open the model
CurveFitting.

2. Open the Simulator.
3. From the Tools menu select the Time Domain Toolbox and then Curve Fittting.

A window opens asking you which optimization method should used for curve fitting:
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Optimization/CurveFitting

Optimization can be performed using several methods. Choose the desired method and
tolerance (accuracy of the found result)

Curve Fitting
Method: |Broydon Fletcher Goldfarb Shanno i

Tolerance: |0.01 S

Description

Broydon Fletcher Goldfarb Shanno (gradient search):

The Broydon Fletcher Goldfarb Shanno method not only uses the gradient of a
function, but also the second order gradient to determine the search direction. The
second order gradient is estimated based on previous search directions. The search
direction is kept for each new step until a minimum has been found. Then a new
search direction is determined and the process continues.

Help

Back Cancel

Here the optimization method is already chosen.

4. Click the Next button.

Parameters / Initial Values

A window will open, asking you which parameters values should be use for the curve
fitting. Here the parameters Model\omega and Model\zeta are already entered.
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Parameter/Intial Values

15. Time Domain Toolbox

Curve Fitting: Choose the parameters/initial values that can be changed to find an optimal
it

MName Type Minimum Maximum

Model\omega Parameter 01 100

Model\zeta Parameter 01 10

Add Add Group Delete

Minimurm: Maximum:
[0 2 [0 =

Nominal Value

-

Help
Back Cancel

5. Click the Next button.

Result

A window opens asking you which result should minimized to fit your model (variable 1)

to a given result (variable 2):
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Result
Curve Fitting: Choose the function that should be minimized to fit varl to var2.
Result = Function {varl - var2)
varl
Wariable: | Clear
Choose Variable
var2
Variable: @ |F‘IamHesponse\pIot | Clear
Value: () 0 Choose Variable
Function
End Value () Sum Absolute Value (®) Integral Absolute Value (Euler)
() Sum Square Value () Integral Square Value {Euler)
Help
Back Cancel

6. Click the Next button.

Run options
A window opens asking some simulation run options:
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Multiple Run Properties

Draw During Simulation

[ Redraw After Every Run

Optimization,/Curve Fit Options
(®) Start with nominal Value
() Start with parameter sweep and use best result

() Start with random values and use best result

Help

Back Cancel

7. Select the desired run options and click the Next button.

A window opens with a summary of the chosen options. If your are not satisfied you can
use the Back button to go to a previous window and change settings.

8. Click the Finish button to close the Multiple Run Wizard.

9. From the Simulation menu click the Multiple Run command to perform the Curve
Fitting.

You will see the Simulator perform many simulation runs. After a good fit has been
found on the starting run and the runs with the best fit is shown.
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< >

Output

1.5
= plantresponse
= model repsonse
q Ll PR o i wlan, LA,
ia)
0.5
0 b
i ¥y
-05
o 1 2 3 4 5
time {8}
avw

Starting Multiple Run Simulation
Multiple Run Simulation Running...

Multiple Run Finished

Optimization Results

After the curve fit has been done, the Optimization Results window will open, showing

the minimum value of the result and corresponding parameters:

B 20-<im Opti

Select a variable:

Result
Modelomega
Model\zeta

miza... —

O

Optimum: | 0.19204453558879556

Output:

Walues

Help

Matlab

You can select the following items:
e Values: Choose this button to open the list that shows the numerical output of the

curve fitting runs.

e Matlab: Export the results to Matlab.
e OK: Close the Optimization Results Window.
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You can always re-open the Multiple Run Results window, by selecting the Multiple
Run Results command of the View Menu.

11. By choosing the Values button, a new window is opened, showing the numerical
results of the parameter sweep.

In the Results list of this window the subsequent runs are shown and the value of the
chosen result:

Step Result Model\omega Modellzeta =
40 0.1920445355838 10, 16995093388 0.9989880339799
41 0.19204453556888 10, 16995093388 0.9989880339799
3 0.1920480859136 10,15712342918 0.9951620029954
32 0.1920551265832 10, 18862203046 1.004557019962
19 0.1920845565793 10.07385356279 0.9310016357081
35 0.1920993124445 10, 13852203048 0.9946570199623
33 0.1921045394229 10.08872203046 1.004557019962
36 0.1921673338142 10, 13862203046 1.014457019962
ko 0.1921813156054 10,28852203046 1.004557019962
35 0.1922617116964 10.09412622656 0.9763719690616
30 0.1924870192245 10,15813233057 0.9775127397891
37 0.1933341700947 9.995673273623 0.9470065252161
29 0.1940909441524 10, 24666930075 1.056223036228
23 0.1978301422628 10,291237535684 1.095573134448
23 0.2001091979768 10.42441371216 1.125094545612
24 0.2001259144949 10.32451371218 1.115194545512
27 0.20030851183854 10,31342165338 1,115255758558
21 0.2015980460018 10,32451371216 1.125094545612
25 0.2033869054759 10,32451371215 1.134994545612
2 0.2034998577369 10.22461371216 1.1250945456012
25 0.2075147334854 10.03478807245 0.8581027094232
31 0.2200435491163 9.930559320217 0.8200921452109
12 0.2552573689155 8.252679544775 0.6289069667251
13 0.2328039895707 9.437916036901 0.625330820525
15 0.2849491468721 9.338016035901 0.615430820525 v
Doraeter vl 1 e S setvalues...
Datafile
Res Push this button to create a
Model\omega Datafile with the selected
Model\zeta variables:
Create Datafile. ..

You can select the following items:

e Set Values: Choose the values of the selected run, as new parameter values of your
model.

e Create Datafile: Use this button to store the values of the selected variables on file.
Use the control-key and shift-key to make multiple selections.
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15.6 Monte Carlo Analysis

Using the Monte Carlo analysis option of the Time Domain Toolbox, you can perform a
predefined number of simulation runs with variation of parameter values according to a
predefined distribution function.

Parameters / Initial Values

1. From the Getting Started Manual\Time Domain Toolbox library open the model
ParameterSweep.

2. Open the Simulator.

3. From the Tools menu select the Time Domain Toolbox and then Monte Carlo
Analysis.

A window opens asking you which parameters / initial values should be varied for the
Monte Carlo analysis:

Parameters/Initial values X

Monte Caro Analysis: Choose the statistical distribution for the parameters/initial values

Parameter/Intial Values

Mame Type Minimum Maximum Nominal ...  Deviati

M_EndEffector’'m {kg) Parameter 1.1535 34605 2307 1
K_Frame*k {N/m} Parameter 215e+06  645e+06  43e+06 1

< >
Distribution
i T e () Uniform (®) Gaussian
Minimum: Maximum: Mominal Value {mean): Deviation:
1.1535 =1 [34605 =] [2307 30 =
Help

Two parameters have already been entered.

4. Click the Next button.

Result

A window opens asking you which result should be monitored during the Monte Carlo
Analysis:
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Result

Monte Caro Tolerance Analysis: Choose the result that should be monitared

Result = Function {varl - var2)

varl

Wariable: | Clear
Choose Variable
var2
Variable: () | | Clear
Value: (@) l:l Choose Variable
Function
(O End Value () Sum Absolute Value (®) Integral Absolute Value (Euler)
() Sum Square Value () Integral Square Value {Euler)
Help

Back Cancel

Here the integrated absolute error of the machine is chosen.

5. Click the Next button.

Run options
A window opens asking some simulation run options:
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Multiple Run Properties

Steps: @ 2

[[] Draw During Simulation

[ Redraw After Every Run

Help

Back Cancel

Because this is a statistical method, we have to do many simulations runs. We therefore
choose not to display the results in a plot to speed up simulation and prevent using too
much computer memory.

6. Click the Next button.

A window opens with a summary of the chosen options. If your are not satisfied you can
use the Back button to go to a previous window and change settings.

7. Click the Finish button to close the Multiple Run Wizard.

8. From the Simulation menu click the Multiple Run command to perform the Monte
Carlo Analysis.

Monte Carlo Analysis Results

After the simulations have been done, a Monte Carlo Analysis Results window will open,
showing the results:
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0-zim Monte Carlo Results

Select a variable:

Errer\plot {m}
M_EndEffector,m
K_Frame\k

Mean: | 5.13040417059776e-5

Deviation: |4.425133143212548e-6

|
|
Minimum: | 4.265262865853985¢-5 |
Maximum : | 6.306058952814762¢-5 |

Output:| Values || Histogram Matlab

Help oK

You can select the following items:

e Values: Choose this button to open the list that shows the output of the various runs
performed during the Monte Carlo analysis.

e Histogram: Choose this button to open a histogram of the selected item.
e Matlab: Export the results to Matlab.
e OK: Close the Multiple Run Results Window.

You can always re-open the Multiple Run Results window, by selecting the Multiple
Run Results command of the View Menu.

9. By choosing the Values button, a new window is opened, showing output of the
various runs performed during the Monte Carlo analysis.
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Step Error'plot {m} M_EndEffectorim ... K_Framel {N/m} =
611 4,265262865854. .. 1,171549255386 5863333.927939
187 4,275602315082. .. 1.170162575507 5200575.035089
474 4,293732449808... 1.218740833213 60635686.574024
498 4,294487595411... 1.22553730734 6255964.583973
780 4.30211064195¢e. .. 1,222376463198 5672555.989101
216 4,3030530246%¢. .. 1,210589527125 5222542.025183
439 4,309748162757. .. 1.236444894203 5808007.798417
25 4,311697482064. .. 1.227493844193 5351657.962055
234 4,316504354606. .. 1.233351339092 5468513.035744
T42 4,317226713758... 1,209094408038 5112513,706397
63 4,320582965406. .. 1.266074301284 6389243.494734
334 4,324250345545... 1,173761870705 3556397.653234
T2 4,339244253551... 1.252084733282 4665479.718463
719 4,342910598843e... 1.255646897107 4633198.527539
954 4,34712106433e... 1,295389865825 5974386,213172
661 4.357508704231... 1,316398299252 6175542.279578
691 4,357524952121... 1.284724471329 5183217.205542
666 4,362156985504. .. 1,195750402785 3310077.737265
181 4.3649939367089... 1.332888121458 6372400.435723
200 4,358522462833... 1.287091906715 5134123,190066
701 4.374072281758... 1.346182666787 6395429.476837
538 4.378262523785... 1,203750571768 4118942.61803
458 4.381265327304... 1,315294913037 4741627.496384
120 4,381557027233... 1.345959559857 5960171.602438
436 4,390074520901... 1.203020548269 2605130.321046 W
v aneter vehos 1 e Semior setValues..
Datafile
Push this button to create a
Datafile with the selected
variables:
Create Datafile. ..

You can select the following items:

e Set Values: Choose the values of the selected run, as new parameter values of your
model.

e Create Datafile: Use this button to store the values of the selected variables on file.
Use the control-key and shift-key to make multiple selections.

By choosing the Histogram button, a new window is opened, showing distribution of the
integrated absolute error:
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B 20-sim Histogram

File View Properties Help

B B W " e

[ Plot Windows Plot
@FastManipulator-F 100

v [[] Window 2

] Plot

a0

60

40

20

4e-05 5e-05 6e-05 Te-05 8e-05
Erroriplot

£ >

15.7 Variation Analysis

Using the Monte Carlo analysis option of the Time Domain Toolbox, you can perform a
predefined number of simulation runs with variation of parameter values according to a
predefined distribution function. We will then

restrict the parameter variation until the error is within certain bounds. This is called

Variation analysis.

Parameters / Initial Values

1. From the Getting Started Manual\Time Domain Toolbox library open the model
ParameterSweep.
2. Open the Simulator.

3. From the Tools menu select the Time Domain Toolbox and then Variation
Analysis.

A window opens asking you which parameters / initial values should be varied for the
Variation analysis:
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Parameters/Initial values

Variation Analysis: Choose the initial statistical distribution for the parameters./initial values.

Parameter/Intial Values

MName Type Minimum Maximum  Sweep

M_EndEffector’'m {kg}  Parameter 1.1535 3.4605 Linear
K_Frame*k {N/m} Parameter 215e+06  6.45e+06  Linear

Add Add Group Delete
Minimurm: Maximum:
|1.1535 < |3 4605 =

Nominal Value

2.307 =

Help

Back Cancel

Here the integrated absolute error of the machine is chosen.

5. Click the Next button.

Result

A window opens asking you which result should be monitored during the Variation

Analysis:
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Result

Variation Analysis: Choose the result that should be monitored

Result = Function {varl - var2)

varl
Wariable: | Clear
Choose Variable
var2
Variable: () | | Clear
Value: (@) l:l Choose Variable
Function
(O End Value () Sum Absolute Value (®) Integral Absolute Value (Euler)
() Sum Square Value () Integral Square Value {Euler)
Help

Back Cancel

Two parameters have already been entered.

6. Click the Next button.

Run options

A window opens asking some simulation run options:

Getting Started with 20-sim 5.1 218



15. Time Domain Toolbox

Multiple Run Properties X

Steps: =

[[] Draw During Simulation

[ Redraw After Every Run

Help

Back Cancel

Because this is a statistical method, we have to do many simulations runs. We therefore
choose not to display the results in a plot to speed up simulation and prevent using too
much computer memory.

6. click the Next button.

A window opens with a summary of the chosen options. If your are not satisfied you can
use the Back button to go to a previous window and change settings.

7. Click the Finish button to close the Multiple Run Wizard.

8. From the Simulation menu click the Multiple Run command to perform the
Variation Analysis.

Variation Analysis Results

After simulation has been done, a Variation Analysis Results window will open, showing
the results. A histogram shows the distribution of the result. Using the slider bar you can
see how restraining the distribution of the parameters effects the distribution of the
result.
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Multiple Run Results Analysis

Reduce the statistical parameters ranges to get the desired result.

Parameters

MName Minimum Maximum Restr. Mini...  Restr. Ma...
M_EndEffectorim ... 1,1535 3.9605 1,1535 3.4605
K_Frame'k {M/m} 2.15e+06 6.45e +16 2,152 +06 6.45e+06
L1535 . I 34605
Runs used:
[ ] 1000/1000 = 100 %

Result

Result Distribution

4e-05 Se-05 Be-05 Te-05 Ze-05
Result
Multiple Run Values Cancel Help

The histogram shows the value of the integrated absolute error on the x-axis and the
number of runs on the y-axis.

You can select the following items:

e Slider Bar: Select a parameter and restrict its distribution with the slider bar. You will
see the results distribution change.

e Multiple Run Values: Choose this button to open the list that shows the output of the
various runs performed during the Variation Analysis.

e OK: Close the Multiple Run Results Window.

You can always re-open the Multiple Run Results window, by selecting the Multiple Run
Results command of the View Menu.

9. Change the slider bar for the two parameters and inspect the results.
You can see the following:

e Anincrease of the end effector mass will not reduce the maximum error.
e A decrease of the stiffness will not reduce the maximum error.

We can slide the maximum mass to the middle and minimum stiffness to the middle to
decrease the error:
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Reduce the statistical parameters ranges to get the desired result.

Parameters

Minimum Maximum Restr. Mini...  Restr. Ma...

1.1535 3.4605 1.1535 2.28393
2,152 +06 6.45e+06  4.257e+06 6.45e+06

% Framele {imi

152406 I e
Runs used:
] 235/1000 = 23.5 %
Result

Result Distribution

a0
80
70
B0
50
40
30
20
10

4e-05 S5e-05 5e-05 Te-05 Be-05
Result

Multiple Run Values Cancel Help
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16 Scripting Toolbox

16.1 Introduction

20-sim scripting allows you to run tasks in 20-sim automatically using specialized
scripting functions. With these functions you can open models, run simulations, change
parameters, store results and much more. Scripting support was introduced in 20-sim
4.4,

Scripting Functions

(XML-RPC)

20-sim session automated by a script in Octave, Matlab or Python.

These scripting functions are not very useful stand-alone, but you can use them to write
scripts to automate various tasks in 20-sim.

20-sim provides a set of script functions for numerical computation environments like
Octave and Matlab and for the Python programming language (since 20-sim 4.6).

The 20-sim scripting functions are based on XML-RPC calls, so any other programming
language with support for XML-RPC can be used to automate various 20-sim steps.

In this chapter you will learn how to run basic scripts and make scripts on your own.

The next sections explain:

o Installation for scripting:
o 20-sim: enabling the XML-RPC scripting interface in 20-sim
o Octave: installing Octave as scripting environment
o Matlab: installing Matlab as scripting environment
o Python: installing Python as scripting environment

e Prepare Scripting Folder: extract the 20-sim scripting functions and
documentation to your work directory.

e Basic Script: run your first script and see how a basic script is made in Octave/
Matlab or Python.

¢ Advanced Scripts: see how you can expand the basic script to perform more
advanced tasks in Octave/Matlab.

e Writing your own Scripts: How to write your own scripts in Octave/Matlab or
Python.

Note: Scripting is not supported in the 20-sim Viewer/Demonstration Version. If you
would like to try the scripting functionality, you will need licensed 20-sim version or a
trial license.
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16.2 Installation for Scripting: 20-sim

20-sim uses XML-RPC as a protocol to communicate scripting functions with external
packages. By default the XML-RPC interface is turned on only for your local computer
(listening on the TCP ports 5580 and 5520).

To enable/disable and configure the 20-sim scripting support:
1. Open 20-sim.

2. Go to Tools - Options and select the Scripting Server tab.

20-sim General Properties

Edtor Plots | Folders SCrIDNg Server  Scripting Client
XMLRPC Interface
Enable:  [AWTTP HAtee [ serial
HTTP Protocol TCP Protocol
Port [ 5580 Port
Max. Connections: Max. Connections
Localhost only: Locahost only:
Serial Protocal
1
115200
Tt may be necessary to restart the application before setiings are applied.
Help
Cancel Apply

Scripting Interface settings tab.

3. To enable the 20-sim scripting support, make sure that the HTTP and TCP
checkboxes under XMLRPC Interface are enabled.

By default, 20-sim will only accept scripting connections from your local computer
(Localhost only option is enabled).

Your firewall may generate a warning message and ask you to allow network
communication for 20-sim.

4. Setthe firewall to allow communication.

16.3 Scripting Menu

If you store the scripts in a folder "Scripting" next to your 20-sim model, a Scripting
menu will appear in the 20-sim Editor.

The Examples\Scripting folder contains models with scripting. If you open one of these

models, the Scripting menu will be visible showing several scripts. You can run these
scripts directly from the menu.
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16.4 Scripting in Octave/Matlab

Installation for Scripting: Octave

What is Octave?

GNU Octave is a high-level language, primarily intended for numerical computations. The
package is open source and can be freely distributed. GNU Octave offers functionality
similar to Matlab users. If you have experience with Matlab, using Octave will be
familiar. Users with no experience with Octave nor Matlab are advised to read a proper
introduction to GNU Octave first. You will find lot of pages and videos on the Internet.

Installation

The Windows versions of Octave 8.2.0, 8.1.0, 7.x, 6.x, 5.x, 4.x, 3.8.x, 3.6.x have been
tested with 20-sim scripting at the time of this release.

Note that for older versions of Octave only the 32-bit Octave is supported. 64-bit
versions of Octave are supported since Octave 4.2.1.

First choose the Octave version you wish to install and go to the corresponding section
below:

Octave8.x/7.x/6.x/5.x/ 4.x

1. Go to: https://www.gnu.org/software/octave/

2. Go to the download page and download the Windows installer (direct link: https://
ftp.gnu.org/gnu/octave/windows/octave-8.2.0-w64-installer.exe)

3. Run the installer and follow the wizard. The steps below assume default installation
settings.

4. Octave 4.0.x only: Unfortunately Octave 4.0.x has a Windows specific bug in its
internal run() function. This bug is resolved in Octave 4.2 and above.
For Octave 4.0.x you will need to manually replace the default run() implementation
with a corrected version. Copy the file:

C:\Program Files (x86)\20-sim 5.1\Scripting\Octave-patch\4.0.0
\run.m

or on 32-bit versions of Windows:

C:\Program Files\20-sim 5.1\Scripting\Octave-patch\4.0.0\run.m
to:

C:\Octave\Octave-4.0.0\share\octave\4.0.0\m\miscellaneous\run.m

5. Launch Octave from the Start menu or using the script: C:\Octave\Octave-x.y.z
\octave.bat

6. Execute the following commands to make sure that the io, control and signal are
installed.
pkg install -forge io
pkg install -forge control
pkg install -forge signal
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File Edit Debug Window Help News
[7] curentirectory: (xg8)\20-sm 4.6\serptngloctavelexamples ~ b [
File Bronser & X Command Window & % Edtor & x
N # {fy|Copyriont (©) 2015 John W. Eaton and others. + File Edit View Debug Run Help
m 4.6/Scripting/Octave/examples + %X This is free sofcuare; see the source code for copying condition [g]
prow— = Tnere 13 ABSOLUIELY NO WARRANTY: not even for MERCHANTABILITY or — | | [y fin B & wC Bt eee -
FITNESS FOR A PARTICULAR PUREOSE. For details, type 'warranty'. L =)
> 1 CalcCommunication
rurExample.m
» |1 CompareController Octave was configured for "1686-w4-mingu32”.
ExcelCommunication L runExanple £ o sorlpthat allows th s E
> L. FrequencyDomain Additional information about Octave is available at http://wiw.o 2 %
3 disp(’
> 1 Modelldentification . allows you to Ky e exemple
b ModelLinearization Please contribute if you find this software useful. = df‘m‘ This script allows you to quickly run the example scripts.
For more information, visit Bttpi//www.octave.org/get-involved.h 5 disp(');
> 1 ModelOptimization 6 Fwhile true E
> | ModelParametersComparison Read http://winw. octave .org/bugs. html to learn how to submit bug 7] forioet( owing exarples ere present:in');
> i MultipleRun For information about changes from previous versions, type 'news 8| fprimcI(l = nicationin’) :
> i ParametersToCalc s | fprinr2 roller\n’) :
> Li PelynomialFitting >> pkg install -forge io control signal o fprincI('s unicatiom\n’) ; L
> J\ PrintToPdf For informacion about changes from previous versions Of the sign 1 £ cyDomain\n’) ;
C runesampl 12 €1 Tdentificatioma’) ¢
runEcemple.m N— 13 10pt imizationa’) ;
1 MultipleRun\n') ;
Workspace X Tnis seript allows you to quickly run the example scripts. 15 momialFitting\n') ;
Fiter ] 1 (s Bd\a') 7 )
= The follewing examples are present: L rization\n') ;
Name Class Dimd 1 = CalcCommunication € paranster comparisenin');
ans double 1d 2 = CompareController 1 forinef ("0 = quisin');
3 = ExcelCommunication 20 | forincf(\n"):
4 = FrequencyDomain ]
5 = ModelTdenoification 22 | choice = strinum(input(’Choose an example or 0 to qUit: ', 'S’
6 = ModelOptimization =
7 = MultipleRun 24 ] switch(choice)
Ljj =7 '|'s = polynomialFicting 29E)  case L
A — 5% 8 = PrintTopar 2 oa CaleComunication
odelLinearization 2 caleCommunication
rier [ e poremens conparison w| o
0 = quit 29 |
# Octave 4.0.0, Fri Nov 06 13:53:55 2015 W, | 00 case 2 il
pka install -forge io control signal [
runExample | Choese an example or 0 to quit: <0 " »
I v ] = D eok CRLF liner 1 | col: 1

The Octave GUI

Your Octave installation is now ready to use.

Octave 3.8.x

1. Go to: http://www.20sim.com/downloads/files/ThirdParty/octave-3.8.2-2-

installer.exe

2. Run the installer and follow the wizard.

3. Launch Octave using the script: C:\Octave\Octave-3.8.2\octave.bat

4. Execute the following commands to install packages io, control
pkg install -forge io
pkg install -forge control
pkg install -forge signal

Your Octave installation is now ready to use.

Octave 3.6.x

and signal:

1. Go to the Octave download site (http://sourceforge.net/projects/octave/.).

2. Click on the Files tab and click on Octave Windows Binaries.

3. Select the Octave 3.6.4 for Windows MinGW installer.
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4. Now you can download the files Octave3.6.4_gcc4.6.2_yyyyxxxx.7z
(Octave Installation) and Octave3.6.4_gcc4.6.2_pkgs_yyyyxxxx.7z
(Octaveforge Packages).

5. Create an installation directory which doesn't have space chars (i.e. C:\Octave).

6. Unzip the file Octave3.6.4_gcc4.6.2_yyyyxxxx.7z and copy it to the
installation directory.

7. Copy the shortcut link c:\Octave\Octave3.6.4 gcc4.6.2.1nk to your desktop.
This is a shortcut to start Octave.exe.

Note: Unzipping can be done with programs like 7-zip (http://www.7-zip.org/)

Note: There is a bug with Windows 8 and running Octave. In order to use Octave start
Octave with octave.exe -i --line-editing. See the Octave wiki webpage for more
information.

8. Unzip the file Octave3.6.4_gcc4.6.2_pkgs_yyyyxxxx.7z and copy it to the
installation directory.

9. Launch Octave (e.g. the link to Octave.exe).

10. Execute the following five rebuild commands from the Octave console (e.g. re-type
every line followed by ENTER):

pkg rebuild -auto

pkg rebuild -noauto ad

pkg rebuild -noauto nan % shadows many statistics functions
pkg rebuild -noauto gsl $ shadows some core functions

pkg rebuild -auto java

) Octave36.4 gecd 62 O | B )

GNU Octave, version 3.6.4 A
opyright (C) 2013 John W. Eaton and others.

[This is free software; see the source code for copying conditions.

[There is ABSOLUTELY NO WARRANTY; not even for MERCHANTABILITY or

FITNESS FOR A PARTICULAR PURPOSE. For details, type warranty’.

ctave was configured for "i686-pc-mingwsz”.
lsdditional information about Octave is available at http://ww.octave.org.

Please contribute if you find this software useful.
For more information, visit http://wm.octave.org/get-involved. html

Read http://www.octave.org/bugs.html to Tearn how to submit bug reports.
For information about changes from previous versions, type 'news'.

octave:i pkg rebuild -auto

octave:2s pka rebuild -noauto ad % may crash octave when loaded and “clear all’ is executed
octave:3> pkg rebuild -noauto nan % shadows many statistics functions

octave:4> pkg rebuild -noauto gs1 % shadows some core functions

octave:s> pkg rebuild -aute java

octave:sx

a I v

The Octave command window.
11. Close and restart Octave.

Setting the Octave Location

1.In the 20-sim Editor choose Tools - Options - Scripting Client - Octave Folder to enter
the location where Octave is installed on your computer.
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Installation for Scripting: Matlab

What is Matlab?

Matlab is a high-level language, primarily intended for numerical computations. The
package is commercially distributed by the Mathworks. If you don't have the resources
to purchase Matlab, you can run use Octave, which offers similar functionality.

Versions

Matlab R2011, R2012, R2013, R2014, R2015, R2016 and R2017 have been tested with
20-sim scripting but older and newer versions may also work fine.

Installation

See the Matlab documentation from the Mathworks for information on installing Matlab.
No special (additional) installation is needed to use 20-sim scripting from Matlab.

Note: Scripting in Matlab is similar to Octave. You can type exactly the same commands
as given for Octave in the next sections.

Prepare Scripting Folder

20-sim comes with a Scripting Folder that contains documentation of all scripting
functions, the function library and example scripts. You have to install this folder to use
scripting.

Installation

1. Open the Install Scripting program from the Windows Start menu (located under
20-sim 5.1)
- or -
Go to the folder where 20-sim is installed (e.g. C:\Program Files\20-sim 5.1
\Scripting or C:\Program Files (x86)\20-sim 5.1\Scripting) and open
20simScripting.exe

2. This will open a dialog where you can choose where to extract the 20-sim scripting
files. Change the path to a local working folder of your choice (for example: C:
\Users\yourusername\Documents\20simscripting)

s e =
'0‘ Where do you want to extract the 20-sm scriptng fles?
Extraction path: I

X o |
Ci\Users\yourusemame\Dacuments o f
I oKk Cancel

20-sim Scripts extraction

Note: To write/modify scripts, the scripting folder should be accessible and writable by
the user. Do not install the scripting folder on C:\Program Files (x86) or C:\Program
Files.

Scripting Working Folder

For the remainder of this chapter, we use the name scripting working folder when we
refer to the folder where you just extracted the 20-sim scripting files.
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Contents

Your newly created scripting working folder contains a number of subfolders:

1. Models: This folder contains the 20-sim models and data files that are used for the
example and tutorial scripts .

2. Octave: This folder contains all Octave/Matlab scripting functionality and
documentation

a. documentation: This folder contains the scripting API documentation: a list of
supported functions and their syntax. It is a copy of the help file that you can
open in the 20-sim Editor by selecting Help - Octave Scripting API.

Note: the API documentation is also accessible from the Windows Start menu
under 20-sim 5.1\Scripting API documentation

b. library: This folder contains the core scripting functions.

c. tutorials: This folder contains basis scripts with a step by step explanation. You
can use these scripts as a base for your own scripts.

d. examples: This folder contains some more advanced scripts.

3. Octave-patch: This folder contains modified Octave scripts for certain Octave
versions to fix bugs in the core Octave scripts that are not yet fixed in the latest
release (currently 4.0.0)

4. Python: This folder contains all Python scripting functionality and documentation
(see the Scripting in Python section for more information).

Basic Script

When the scripting files are properly installed in your scripting working folder, we can
run some tutorial scripts. Tutorial scripts are a step by step demonstrations of usage of
the scripting functionality in 20-sim. These scripts are found in the tutorials subfolder of
the scripting working folder. We will start with a basic script that opens and runs a 20-
sim model.

1. Open 20-sim.
2. Open Octave (or Matlab).

3. In Octave/Matlab, change the local working directory to the tutorial folder inside
your scripting working folder . E.g . type:

cd 'C:\Users\yourusername\Documents\20simscripting\Octave\tutorials'
Note: 20-sim should be open before running the script!

4. In Octave/Matlab, execute the following command (e.g. type the following case
sensitive command followed by ENTER):

runSimulation

Note: Octave may give a cryptic "undefined near line x column 1" message, if you type
the command as runsimulation instead of runSimulation!
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Now Octave / Matlab will give a message and ask you to press ENTER to continue.

The model ControlledSystem.emx is loaded into 20-sim and simulated.

6.

Again Octave/Matlab will give a message and ask you to press ENTER to continue.

) Octave3 64 geed 6.2 S| 5 |

GNU Octave, version 3.6.4 x
opyright (C) 2013 John W. Eaton and othe

[This is free software; see the source cude For copying conditions.

[There is ABSOLUTELY MO WARRANTY; not even for MERCHANTABILITY or

FITMESS FOR A PARTICULAR PURPOSE. For details, type warranty'.

ctave was configured for "i686-pc-mingws2”.
[sdditional information about Octave is available at http://ww.octave.org.

Please contribute if you find this software useful.
For more information, visit http://www.octave.org/get-involved. html

Read http://www.octave.org/bugs. htn] to Tearn how to submit bug reports.
For information about changes from previous versions, type news'.

warning: gmsh does not seen £ be present some functionalities will be disabled
warning: dx does not seem to be present some functionalities will be disable
arning: function C: \o:tava\n:tavas Go4_peca. 6.2 Shar e\oct aveh packapes\srats stics -1
unction

octave:l> cd 'C:\Users‘kIn‘Documents\20-sim 4.4\Scripts\tutorials’

octave:2> runsimulation

[The script will now do a simulation run... [Press 'Enter’ te continue]

TThe script will now close the model... [Press 'Enter’ to continue]

octave:3»

a i r

Now the simulation and model will be unloaded.

Inspecting the script
To see how the script is made, you can inspect it with a text editor.

1.

2.

Open a file browser and go to the tutorials folder (e.g. C:\Users\yourusername
\Documents\20simscripting\Octave\tutorials)

Open the file runSimulation.m with a text editor like Notepad.

Core Functions

The core functions of the runSimulation script are:

addpath: The script starts with the command addpath('../library/xxsim"); This will
enable Octave / Matlab to use the 20-sim scripting functions that are stored in the
library subfolder of your scripting working folder.

xxsimConnect: This command opens a connection to 20-sim.

xxSimOpenModel: This command opens a model in 20-sim by giving the filename
including the full path.

xxsimProcessModel: This command will process the model.
xxsimRun: This command will run a simulation.
xxsimCloseModel: This command will remove the simulation model from 20-sim.

These functions are the basis of scripting in 20-sim and will be present in this order in
most scripts. Therefore you can use the script runSimulation.m as a template for any
new script that you create.
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Advanced Scripts

Now that we have seen the core functions of a script we will run and check some more
advanced scripts.

1. Open 20-sim.
2. Open Octave (or Matlab).

3. In Octave/Matlab, change the local working directory to the tutorial folder inside
your scripting working folder. E.g . type:

cd 'C:\Users\yourusername\Documents\20simscripting\Octave\tutorials'

Set Parameter Values

4. In Octave/Matlab, execute the following script (e.g. type the command followed by
ENTER):

SetParameterAndRun

This script will open the model ControlledSystem.emx and run a simulation. Then a
model parameter is changed and a second simulation run is performed. As explained in
the previous topic, you can inspect the script in a text editor.

Compared to the basic script you will find a new function:

o xxsimSetParameters: This function is used to set the parameter in the model with
the new value.

Multiple Runs

5. In Octave/Matlab, execute the following script (e.g. type the command followed by
ENTER):

multipleRun

This script will open the model ControlledSystem.emx and run a simulation multiple
times while changing a parameter. Then a model parameter is changed and a second
simulation run is performed.

Read Parameter Values

6. In Octave/Matlab, execute the following script (e.g. type the command followed by
ENTER):

readAndSetParameters

This script will open the model ControlledSystem.emx and run a simulation. Then a
model parameter is read from file and changed accordingly in the model, followed by a
second simulation run.

You will find these new functions:

e addpath: An additional path is given (../library/xxlib) to allow addtional (user
defined) functions.
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o xxlibReadCsv: This function is used to read a parameter name and value from a
spreadsheet file.

Store Simulation Results

7. In Octave/Matlab, execute the following script (e.g. type the command followed by
ENTER):

modelVerification

This script will open the model ControlledSystem.emx and run a simulation. After the run
the simulation results are stored and plotted in Octave/Matlab. You will find these new
functions:

¢ xxsimSetLogVariables: Define which variables are going to be logged during the
simulation run.

¢ xxsimGetLogVariables: Export the logged variables after the simulation run to
Octave/Matlab.

Examples

8. In Octave/Matlab, change the local working directory to the tutorial folder. E.g. type:

cd 'C:\Users\yourusername\Documents\20simscripting\examples'

here you can find more example scripts.
Writing your own Scripts

Example

We will show you how to write your own scripts using a simple example. We assume that
you have installed a scripting folder and its location is:

'C:\Users\yourusername\Documents\20simscripting'

of course you can use own location. We will copy a 20-sim model to the scripting folder
and write a script that will open this model in 20-sim and run a simulation.

1. Copy the example model FastManipulator.emx to the Octave\tutorials folder. E.g
copy:

'C:\Program Files (x86)\20-sim 5.1\Models\Examples\Drivetrains
\FastManipulator.emx'

to

'C:\Users\yourusername\Documents\20simscripting\Octaveltutorials
\FastManipulator.emx'
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2. Open a text editor (e.g. notepad) and enter the following lines:

run('../library/xxsim/xxsimAddToPath.m"') ;
xxsimConnect () ;

xxsimOpenModel ( 'FastManipulator.emx' );
xxsimProcessModel () ;

xxsimRun () ;

xxsimDisconnect () ;

3. Save the text file as:

'C:\Users\yourusername\Documents\20simscripting\Octaveltutorials

\MyScript.m'

4. Open 20-sim.

5. Open Octave (or Matlab).

6. In Octave/Matlab, change the local working directory. Type in the command line:
cd 'C:\Users\yourusername\Documents\20simscripting\Octave\tutorials"

7. In Octave/Matlab, run your own script. Type in the command line:

MyScript
Now you will see the model being loaded in 20-sim and a simulation being run.

Writing your own scripts

In the tutorial folder there are more scripts. Use these as a template for writing you own
scripts and follow the guidelines below:

Location

Create your own subfolder inside your scripting working folder. This allows you to
update the 20-sim scripting files when new versions of 20-sim are released.

Functions

You can find help on scripting functions in the 20-sim Editor by selecting Help - Octave
Scripting API.
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16.5 Scripting in Python
Installation for Scripting: Python

What is Python

Python is a general-purpose high-level programming language with an emphasis on code
readability and writing algorithms in fewer lines of code than other programming
languages. Python is open-source and managed by the Python Software Foundation. It
has an extensive standard library and can be extended with many external libraries
including a rapidly growing set of scientific and mathematical libraries such as SciPy,
NumPy and Sympy and an extensive plotting library Matplotlib. 20-sim scripting has
been tested with the following versions of Python: Python 2.7.x, Python 3.4.x-3.7.x (32-
bit and 64-bit).

Installation

During installation of 20-sim, you are asked to install the (optional) Python 3.7
package. We advise to keep the default setting (Yes) which will install the Python 3.7
installation that includes 20-sim scripting support and the following packages: NumPy,
Matplotlib, Sympy, Pandas and IPython. This installation provides just enough support to
get started with 20-sim scripting. However, it does not provide a development IDE or an
extensive set of scientific and mathematical libraries.

Prepare Scripting Folder

20-sim comes with a Scripting Folder that contains documentation of all scripting
functions, the function library and example scripts. You have to install this folder to use
scripting.

Installation

1. Open the Install Scripting program from the Windows Start menu (located under
20-sim 5.1)
- Or -
Go to the folder where 20-sim is installed (e.g. C:\Program Files (x86)\20-sim
5.1\Scripting or C:\Program Files (x86)\20-sim 5.1\Scripting) and open
20simScripting.exe

2. This will open a dialog where you can choose where to extract the 20-sim scripting
files. Change the path to a local working folder of your choice (for example: C:
\Users\yourusername\Documents\20simscripting)

o s
IO\ Where do you want to extract the 20-sm scripting fles?
Extraction path: I

X T |
C:\Users\yourusemame\Documents ) |
I oK Cancel

20-sim Scripts extraction
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Note: To write/modify scripts, the scripting folder should be accessible and writable by
the user. Do not install the scripting folder on C:\Program Files (x86) or C:\Program
Files. For the remainder of this chapter, we use the name scripting working folder when
we refer to the folder where you just extracted the 20-sim scripting files.

Contents

Your newly created scripting working folder contains a number of subfolders:

1. Models: This folder contains the 20-sim models and data files that are used for the
example and tutorial scripts .

2. Octave and Octave-patch: These folders contain Octave/Matlab scripting
functionality and documentation (see the Scripting in Octave/Matlab section for more
information)

3. Python: This folder contains all Python scripting functionality and documentation:

a. controllab: Folder containing the Python classes that allow communication with
20-sim.

b. documentation: This folder contains the scripting API documentation: a list of
supported functions and their syntax. It is a copy of the help file that you can
open in the 20-sim Editor by selecting Help - Python Scripting API.

c. examples: This folder contains some more advanced scripts.

d. tutorials: This folder contains basis scripts with a step by step explanation. You
can use these scripts as a base for your own scripts.

Basic Script

When the scripting files are properly installed in your scripting working folder, we can
run some tutorial scripts. Tutorial scripts are step by step demonstrations of usage of the
scripting functionality in 20-sim. These scripts can be found in the tutorials subfolder of
the scripting working folder. We will start with a basic script that opens and runs a 20-
sim model.

1. Open 20-sim.
2. Open IPython (Interactive Python shell) from the Start menu (under 20-sim 5.1).
3. In IPython, change the local working directory to the tutorial folder inside your

scripting working folder . E.g . type:

cd C:\Users\yourusername\Documents\20simscripting\Python
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4. In IPython, execute the following command (e.g. type the following case
sensitive command followed by ENTER):

run main menu

Note that the run command is specific for IPython. For a standard Python session, you
can start this script on the command line using: python.exe menu.py. This command
will show a menu with several options including T for Tutorials.

IPython session for the tutorials

5. Select option T and press ENTER to show to enter the tutorials:

Welcome to the 20-sim scripting tutorials for Python.

These tutorials assume that the user has some experience with
scripting and Python.

If this is not the case, consider reading: https://www.python.org/
about/gettingstarted/

or use Octave for scripting if you are more familiar with it.

6. Press ENTER to continue:

- Tutorial menu -
Select a tutorial:
1 - Run a simulation.
2 - Set a parameter in 20-sim, then run a simulation.
3 - Execute multiple runs with a changing parameter.
4 - Basic simulation result analysis.
5 - Read a parameter from a CSV file and set it in 20-sim.
6 - Retrieve 20-sim model variables and their properties.

Or choose a menu option:

Q - Quit

I - Show the introduction text again.
Your choice >

7. Press 1 followed by ENTER. 1
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In this tutorial the scripting interface will:

- Open a 20-sim model (starting 20-sim if necessary)
- Process and run the model

- Close the 20-sim model

8. Press ENTER

The Python scripting interface will now connect to 20-sim.
If 20-sim is not running it will be started automatically.

9. Press ENTER
Connecting, please wait...

The scripting interface has successfully connected to 20-sim.

The tutorial model will be opened.

If you still have an open model. SAVE YOUR MODEL, unsaved changes
will be overwritten.

10. Press ENTER

The model ControlledSystem.emx has been opened in 20-sim.
The model will be processed and simulated.
The 20-sim plot window will open.

11. Press ENTER to load the model ControlledSystem.emx in 20-sim and to simulate it.
The tutorial will now close the 20-sim model and exit.

12. Press ENTER to close the simulation and this 20-sim model

Inspecting the script

Tutorial completed!
Do you want to see the source code? [y/N]

To see how the script is made, you can inspect it by choosing y. This will print the
relevant script lines on the Python console. You can also open the real script in a text
editor like Notepad by opening the file: c:\Users\yourusername\Documents
\20simscripting\Python\tutorials\run simulation.py.

Important Functions
The important functions / lines of the runSimulation script are:

o import controllab: Tell Python to load the Controllab package with the 20-sim
scripting functions in the XXSim() class.

¢ my20sim = controllab.XXSim(): create a 20-sim scripting object
¢ my20sim.connect(): This command opens a connection to 20-sim.

e my20sim.set_scriptmode(): Tell 20-sim that we are in scripting mode (does not
show confirmation dialogs)
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my20sim.open_model(): This command opens a model in 20-sim by giving the file
name including the full path.

my20sim.process_model(): This command will process the model.
my20sim.run(): This command will run a simulation.

my20sim.close_model(): This command will remove the simulation model from
20-sim.

These functions are the basis of scripting in 20-sim and will be present in this order in
most scripts.

Writing your own Scripts

Example

We will show you how to write your own scripts using a simple example. We assume that
you have installed a scripting folder and its location is:

'C:\Users\yourusername\Documents\20simscripting"

Of course you can use own location. We will copy a 20-sim model to the scripting folder
and write a script that will open this model in 20-sim and run a simulation.

to

Copy the example model FastManipulator.emx to the python\tutorials folder.
E.g copy:

'C:\Program Files (x86)\20-sim 5.1\Models\Examples\Drivetrains
\FastManipulator.emx'

'C:\Users\yourusername\Documents\20simscripting\Python\tutorials
\FastManipulator.emx'

Open a text editor (e.g. notepad) and enter the following lines:

import controllab

xxsim = controllab.XXSim ()
xxXsim.connect ()
xxsim.open model ('FastManipulator.emx')
xxsim.process _model ()

xxsim.run ()

xxsim.disconnect ()

Save the text file as:

'C:\Users\yourusername\Documents\20simscripting\Python\tutorials
\myscript.py'
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4. Open 20-sim.
5. Open IPython.
6. In IPython, change the local working directory. Type in the command line:
cd 'C:\Users\yourusername\Documents\20simscripting\Python\tutorials'

7. In IPython, run your own script. Type in the command line:

run myscript
Now you will see the model being loaded in 20-sim and a simulation being run.

Writing your own scripts

In the tutorial folder there are more scripts. Use these as a template for writing your
own scripts and follow the guidelines below:

Location

Create your own subfolder inside your scripting working folder. This allows you to
update the 20-sim scripting files when new versions of 20-sim are released.

Functions

You can find help on scripting functions in the 20-sim Editor by selecting Help - Python
Scripting API.

Advanced Functionality

Python Distributions

When you need more functionality or prefer to use an IDE with syntax highlighting and
debugging support, it is strongly advised to install one of the following external Python
distributions or IDEs:

e Anaconda: The World's Most Popular Python/R Data Science Platform.

e Spyder: the Scientific PYthon Development EnviRonment with a powerful IDE for the
Python language with advanced editing, interactive testing, debugging and
introspection features and a a numerical computing environment based on SciPy,
NumPy, Matplotlib and IPython.

e Python, extended with the Visual Studio IDE and Python Tools for Visual Studio.

Running 20-sim scripts in Python distributions

To add the 20-sim scripting support to your Python distribution, you can use the Python
pip command (installed by default since Python 2.7.10 and 3.4.x) to install the Controllab
package.

1. Open a Windows command prompt (cmd.exe) and type:

cd YOURiPYTHONilNSTALLATIONiDIR\
python -m pip install --no-cache-dir --upgrade "C:\Program Files (x86)\20-sim 5.1

Note: use C:\Program Files\20-sim 5.1\ on 32-bit Windows systems.
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{8 C:\Windows\system32\cmd.exe ==

\Prograns\pychonss 32-python —n pip inctal] --no-cache-dir —upgrade “Cr\Progran Files (x86)\20-5in 4. 6\scripting\pyth
omwh TocontroYTabet-0.0-pya - py3-none-any. w [l
Processing ci\progran Files (BBI\20-31h 4. B\scripting\python\whT\controllab-1. 0. 0-py2. py3-none-any. whl
Tnstalling collected packages: controllab
isting installation: controllab 1.0.0
Uninstalling controllab-1.

Snccetttully wnonatall e controllab-1.0.0

Successfully installed controllab-1.0.0

:\Programs\Python35-32>

Manual installation of the Controllab package in Python
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17 Unity Toolbox

17.1 Introduction

Unity is a game engine developed by Unity Technologies that allows you to create high
visual fidelity, 3D real-time interactive user experiences. The Unity Toolbox allows you
to couple animations created in Unity with a 20-sim simulation model. When you run the
20-sim simulation, the Unity application is shown and moves/changes with the
simulation.

Features

The Unity Toolbox will allow you to couple variables from a 20-sim model to objects in
Unity. You can for example couple the position of an object with the simulated position.
Every time you start a 20-sim simulation, a Unity window will be shown and changes/
moves while the 20-sim simulation advances.

The Unity Toolbox does exactly the same as the 20-sim 3D Animation, but is far more
advanced. In Unity far more objects are available, the quality of rendering (shadow,
light , etc.) is far better and there are more display options (single screen, multiple
scree, VR/AR headsets etc.).

License

The Unity Toolbox does not come standard with 20-sim. It has to be purchased
separately. If you have purchased the Unity Toolbox you will receive a license key that
will enable the toolbox in 20-sim.

Example

To see a Unity Animation in action (if you have a valid license) open the example model
Examples\2D Mechanics\ScaraRobot_UnityAnimation.emx.

Getting Started

To get started and learn to work with the Unity Toolbox, please have a look at the the
Reference Manual.

License Required

The Unity Toolbox is not part of the set of standard toolboxes of 20-sim. It has to be
purchased separately. When you have purchased the Unity Toolbox, you will receive a
license code for 20-sim that will enable the plug-in to establish a run-time
communication between 20-sim and Unity.

17.2 License Unity Toolbx

Purchase

The Unity Toolbox does not come standard with 20-sim. It has to be purchased
separately. If you have purchased the Unity Toolbox you will receive a license key that
will enable the toolbox in 20-sim.

No License

Without a valid license, the Unity IntroductionToolbox plug-in will stop the simulation and
present an error message in the 20-sim Editor:

Message: Could not find Unity toolbox license.
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B 20-sim Editor on: testje.emx

File Edit View Inset Model Drawing Setfings Tools Help

DoakE2 ON<DPE - ¢ #eFr e P RO 7
Model  Library i) fx) t 4 {m} add =
v = model ] s references * ~

Cube real 1 n fmu_parameter_refersnce;
= DDDD1 real hidden FMU_INPUT_ids[FMU_INPUT_count]:

real nidden set_value params(3l;

initialequations

initializationMode = false;

) _params = [fmiComponent; toler -
dummy_output = dll(dll_name, 'SetupExperiment', setup_experim

ences for the

# sk for tl

SetFmiComponent', fmiComponent)
'GetValueReference', FMU_INPUT_

dummy_output = dll(d
FMU_INPUI_ids = dll

dummy_output = dl. EnterInitializationMede', fmiCo

initializationMod:

v

Qutput  Process  Find av
[DDDD1] errer: [FMUImport] error: FMU instance: % Categery: error; Message: Could not find Unity to

Interface  Icen  Globals -v

[DDDD1] error: [FMUImport] errer: FMU instance: % Category: error; Message: Could not find Unity tor

Error Message when you do not have a license for the Unity Toolbox.

17.3 How does the Unity Toolbox work?

Plug-in

The Unity Toolbox comes with a plug-in that has to be installed in Unity. The plug-in
connects objects created in Unity with variables from a 20-sim model:

1. You can connect objects manually with 20-sim variables.

2. You can import a 20-sim 3D Scenery into Unity.

Coupling with 20-sim

When the Unity 3D Animation is completed and all objects have been connected with the
proper variables from the 20-sim model, you can generate an .fmu (Functional Mockup
Interface) file. You can drag and drop the .fmu file into the 20-sim model.

Simulation

The .fmu file will connect the 20-sim variables with the Unity application. When you start
the simulation, the Unity application will start up. The Unity application will show moves/
changes during simulation. Set the 20-sim simulation to run in real-time to show the
Unity application at the right speed.

Export

If you want to use the model with Unity Application on another location, make sure that
you copy both the 20-sim model (.emx file) and the Unity application (.fmu file).
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17.4 Installing

To get the Unity Toolbox running, you need a working version of Unity and install a plug-
in for the Unity project that you are working on.

Unity

Unity is a commercial package by Unity Technologies. You can purchase the commercial
Pro version or the free Personal version. There are various videos available on Youtube
that show you how to install Unity. Note that the Unity Toolbox has been verified to work
with Unity 2018.4, 2019.2, 2020.3.x (LTS), 2021.2.9f1. It is possible that it will work in
intermediate and newer versions of Unity.

Plug-In

The Unity Toolbox comes with a plug-in that has to be installed in Unity. The plug-in is
located in the 20-sim installation folder, usually at:

C:\Program Files (x86)\20-sim 5.1\addons\unity\20-sim-unity-toolbox-x.y.z

Here x,y,z are the version number of the plug-in. For every new project in Unity, you
have to install the plug-in in your version of Unity:

1. Open Unity and open/start a new (3D) project

2. From the Assets menu select Import Package and Custom Package.

< simpleModel - SampleScene - PC, Mac & Linux Standalone - Unity 2019.2.9F1% <DX11> - ] X

File Edit | Assets GameObject Component Window Help

Create

Show in Explorer

Copy Path Alts Ctri+C
Open Scene Additive

Import New Asset..

Import Package Custom Package...
Export Package...

Find References In Scene

Select Dependencies

Refresh
Reimport

Reimport All

Extract From Prefab

Run AP| Updater...

Update UIElements Schema

Open C# Project

The 20-sim Unity Toolbox ready for use.
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3. Select the plug-in that is located in the 20-sim installaton folder:
C:\Program Files (x86)\20-sim 5.1\addons\unity\20-sim-unity-toolbox-
x.y.z.unitypackage.

4. Click Import.

5. From the GameObject menu select 20-sim and 20-sim Unity Toolbox.

Now the plug-in is installed and ready for use.

) SimpleModel - SampleScene - PC, Mac & Linux Standalone - Unity 2018.2.911% <DX11> - o X
File Edit Assets GameObject Comy Help

# < BX

The 20-sim Unity Toolbox ready for use.

In the Hierarchy you will see the 20-sim Unity Toolbox listed. You can start to build your
Unity application now.

17.5 Example: Cube

GameObjects

When you have installed the 20-sim Unity Toolbox correctly, it should be visible in Unity
in the Hierarchy at the left. You can insert all kinds of Game Objects and connect them
with variables coming from the 20-sim model. Let's start with a Cube.

1. From the GameObject menu select 3D Object - Cube.

Now Cube object is visibe in the Hierachy.
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PC, Mac & Linux Standalone - Unity 2019.2.9F1* <DX11> - [m] X

Add Component

Creating a Cube.

2. In the Hierachy select the Cube object.

3. In the Inspector at the bottom right click Add Component - 20-sim Unity
Toolbox - 20-sim coordinates.

Now you will see a 20-sim Variable component in the Inspector. Here you can connect
the properties of the Cube with variables in your 20-sim model. If our 20-sim model
contains a Submodel named Cube with three variables x, y and z, we can connect these
with the position of the cube.

4. 1In the 20-sim Variable component keep the Input/Output button on Input.

5. Add the variable names to the x-, y- and z-axis as shown in the next figure.
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< SimpleModel - SempleScene - PC, Mac & Linux Standalone - Unity 2019.2.9F1* <DX11» - [m] X

@ GUID (Script)

Suid

Add Component

Connecting the position of the Cube with 20-sim variables.

In a similar manner you can create many more Game Objects and connect them with
20-sim variables.

Building a Unity Animation

When all objects have been defined we can generate a Unity Animation. Unity
Animations are stored in an .fmu file.

6. In the Hierarchy at the left select 20-sim Unity Toolbox.

7. In the Inspector at the right go to 20-sim Unity Toolbox and Build Unity
Animation.

8. Enter the Export Location (a folder where you have read and write access) and
Animation Name (e.g. Cube) and click Build Unity Animation.

Getting Started with 20-sim 5.1 245



17. Unity Toolbox

< SimpleModel - SempleScene - PC, Mac & Linux Standalone - Unity 2019.2.9F1* <DX11» - [m] X

Building a Unity Animation.

Now the file Cube.fmu will be created in the export location that you have chosen.

Importing the Unity Animation in 20-sim

We will drag and drop the Cube.fmu file into 20-sim and connect the x,y and z input with
signal generators.

9. Open 20-sim
10. From the export location, drag and drop the file Cube.fmu to the Editor.

11. From the Signal/Sources library drag and drop the following submodels in the
Editor:

¢ WaveGenerator-Sine
¢ WaveGenerator-Cosine
e WaveGenerator-Saw

12. Connect the sine model with the Cube model (x), the cosine model with Cube (y)
and the saw model with Cube (2).
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-~

File Edit View lnsert Model Drawing Settings Tools Help

DoatEdes OOX<BD 2§ aFL s 7 R O
Model | Library Reg ANMNBBAE L&D &=
=] Constant ~
=1 DataFromFile
Joystick
+ Keyboard
|| MotionProfile
L) MetionProfileWizard

@

1] One
o Pi
L. SignalGenerator-Cyclaid

5] SignalGenerator-Filelnput
i SignalGenerztor-GaussiznNoise
| 2] SignalGenerator-Impulse

&}unity

Cube1

] SignalGenerator-Pulse

Le| SignalGenerator-Ramp

1] SignalGenerator-Random
| | SignalGenerator-Step

Gubet

20-sim 4.8

3/ Select a connection:
"] SignalGenerator-StepTime

Fll SignalGenerator-Sweep
| =] SignalGenerator-Time
El SignalMonitar v

Interface  Icon  Globals 4 v Output Process Find

Opening file c:\Program Files (x86)\20-sim 4.8\Models\Library\
. Starting at output
nity| Staring st outait
Sine\output -> Cubel'x

Starting at output
Starting at output

Connecting the FMU.

Running the Unity Animation

When you simulate the 20-sim model, a Unity Animation will pop up and run with the
simulation. Generally the simulation will be much too fast to follow. Therefore we must

force the simulation to run in real-time.

13. In the Editor, from the Model menu select Start Simulator.
14. In the Simulator from the Properties Menu select Run.

Run Properties X

Simulator  BDF Method

Timing (seconds) Integration Methods

start: | 0 3 Backward Differentiation Formula (BDF,
Finish: | 10 = SetProperties

Less << Output After Each: [] 0.1 B
Event Handing

Reinitiiize on tme events

Event delia: | 12-006 = Reinitiaize on zero erossing events

Reinitialize on resettable integrator
Attempting Realtime Simulation

@on  Qoff Catch up with lost time: [ ]

Maximum allowed lost tme (s, 0=no maximum): | 0 =

Finish
[ Alow to pass finish time
[Oendiess (use finish time as dear periad)
Related Options

Breakpoints General Properties help

=]

Forcing a real-time simulation.

15. In the Run Properties dialog click the More button and select Attempting Realtime

Simulation On.
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16. Click Ok to close the Run Properties dialog.
17. From the Simulation menu select Run.

Now you will see a Unity Animation window appear showing the cube moving.

The unity Animation with the cube.

18. In case Unity Animation Window is displayed in windowed mode, Click Alt-Enter to
change the full screen mode.

17.6 Example: Scara Robot

Scenery

The easiest way to start building a Unity Animation is by importing a 3D Animation from
20-sim. First you build the 3D Animation in 20-sim with simple objects and make sure it
is running correctly. Then you import the 3D Animation to Unity and use the power of

Unity to create the Animation. Here we will show how this is done with the Scara Robot
example model.

1. Open 20-sim.
2. From the Examples\2D Mechanics library drag and drop the ScaraRobot model.
3. Open the Simulator and run a simulation.

4. Put you mouse pointer on top of the 3D Animation and from the right mouse menu
select Plot Properties.
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File View Properties Simulation Tools Help
He B ¢2wml/ Wibibrw HE & 5@
[ Plot Windows Plots
~ [[] Scara Robot 3
[0 3D Animation - ‘1;
& o
Plots -qi
2
Plot Properties
Create Movie 1
Raytrace
Save As Bitmap. r [\
Copy To Clipbeard 3 o
i Print \ \ ' ’
K Begin 4
i Step Back
‘ B Play
B Step 2
0 1 2 3 4 3 7 8
sl Next Camera time {5}
Toggle Full Sereen
| id b & R 00
{Cutput | av
Simulation Running.. PS
Simulation stopped after 7.982 seconds.  Model calculations: 10290 Number of autput points 3855 Average steps per second: 1289
======= Finished Simulztion - 0 errors, 0 warnings =======
-

Opening the 3D Properties.

5. In the 3D Properties from the File menu select Save Scene.

6. Click Yes to save the whole scenery.

7. Save the scenery in a location where you have read and write access using the

name ScaraRobot.scn.

Now the 3D Animation is stored in a scenery file.

File Edit Properties

Load Scene

Save Scene

Position  Orientation  Cbject Properties

Create Movie File

[ show Frame

[sole pos. Lode: |12 2] [2
. Lock:
[Hidden
Next Camera | Ori. Lock: Manipulate Help

Opening the 3D Properties.
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Import in Unity

The next job is to import the scenery file into Unity and create a Unity Animation.
8. Open Unity.

9. From the GameObject menu select 20-sim and 20-sim Unity Toolbox.
10. In the Hierarchy at the left select 20-sim Unity Toolbox.

11. In the Inspector at the right go to 20-sim Unity Toolbox and Import 20-sim
Scenery File.

12. Click the Browse button to find the scenery file ScaraRobot.scn.
13. Click the Import 20-sim Scenery button to import the scenery file.

The Scara Robot should now be visible in the scene at the center.

) SimpleModel - SempleScene - PC, Mac & Linux Standalone - Unity 2019.2.9f1% <DX11> - [m] X

Importing a scenery file in Unity.

Building the Unity Animation

Now we could work on the scene and enrich it by adding all kind of GameObjects. We
will leave this up to your own imagination. The final part of the job is to create a Unity
Animation, generate an .fmu file and import this into 20-sim.

14. In the Hierarchy at the left select 20-sim Unity Toolbox.

15. In the Inspector at the right go to 20-sim Unity Toolbox and Build Unity
Animation.
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16. Enter the Export Location (a folder where you have read and write access) and
Animation Name (e.g. ScaraRobot) and click Build Unity Animation.

Importing the Unity Animation into 20-sim

17. Open 20-sim with the Scara Robot model.

18. Drag and drop the file ScaraRbot.fmu to the Editor.

B 20-sim Editor on: ScaraRobot.emx

Eile Edit View lnsert Model Drawing Settings Teols Help

p - h " B A =
DatEds OOxDRE ¢80 2FfRs 7 R 0 ®
Model  Library Weg ANEBARE L&D B = &
v ). Library A ~
- Bond Graph Scara Robot
Iconic Diagrams
Signal
Examples
Getting Started Manual This model demonstrates the various model descriptions that can be combined in 20-sim 1o generate
ng Started Manua amodel. Select on of the Submodels and clik Go Down (menu: Model - Go Down) 1o find outthat
Scripting - Equations have been used for the robot
development - Iconic diagrams have been used for the motors

v | Examples - Block diagrams have bsen used for the controllers

HFQ\:ﬁ Qunity

v 2D Mechanics
|ssy Carriage
Scmhatiee
(=
@ unity o 2
9independent states v

==/ Cube
ScaraRobot1

i
E

==y Lens Holder
ScaraRobot

¥ ScaraRobotKeyboard

§ WaferStage

3D Mechanics

Block Diagrams

Rond Granh v
Interface lcon | Globals 4 ¥

]

7]

Connecting the FMU.

The Unity Animation does not have any inputs. It uses global variables to connect the
simulation to the animation. Therefore we do not have to make connections.

Running the Unity Animation

When you simulate the 20-sim model, a Unity Animation will pop up and run with the
simulation. Generally the simulation will be much too fast to follow. Therefore we must
force the simulation to run in real-time.

19. In the Editor, from the Model menu select Start Simulator.
20. In the Simulator from the Properties Menu select Run.

21. In the Run Properties dialog click the More button and select Attempting Realtime
Simulation On.

22. Click Ok to close the Run Properties dialog.
23. From the Simulation menu select Run.

Now you will see a Unity Animation window appear showing the Scara Robot moving.
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24. Click Alt-Enter to change the Unity Animation from full screen to a window.

17.7 20-sim Inspector Properties

If the 20-sim Unity Toolbox is installed, any GameObject can be connected to the

variables coming from a 20-sim simulation. The following object properties can specified.

Input / Output

e In most cases the variables that are calculated in 20-sim and epxorted to Unity. You
can keep the Input/Output button to its default setting: Input.

e In some cases, however, a variable coming from Unity and exported to 20-sim. Then
you have to set the Input/Output button to Output.

20-sim Coordinates / Unity Coordinates

When you add the 20-sim Toolbox to a GameObject, you can use 20-sim coordinates or
Unity Coordinates:

e 20-sim uses a right-handed coordinate system for the position and rotation of
objects.

e Unity uses a left-handed coordinate system frame.

Position / Rotation / Scale

You can couple 20-sim variables with the position, orientation and scale of objects, which
works just like the position, orientation and scale of a 20-sim 3D Animation.

Scripting

In Unity you can create script in C# to tailor make GameObjects. If you choose the
Scripting option in the 20-sim Variable section, you can connect 20-sim variables with
the public member variables of your C# script.

17.8 Importing 3D Scenery

3D animations created in 20-sim can be exported to Unity. You first have to create a 20-
sim model, simulate it and create a 3D Animation. From the 3D Animation, you can
create a scenery file that can be imported in Unity:

1. In 20-sim go to the Simulator and put you mouse pointer on top of the 3D
animation.

2. From the right mouse menu, select Plot Properties.

3. In the Plot Properties window, select File - Save Scene.

Now you can open a Unity 3D project and install the 20-sim Unity Toolbox plug-in. When
this is done properly, the Inspector at the left will show a 20-sim Unity Toolbox.
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You can now import the 20-sim 3D animation into your Unity project:

4. 1In the Inspector at the right go to the 20-sim Unity Toolbox and Import 20-sim
Scenery File.

8. Click the Browse button to find the scenery file ScaraRobot.scn.

9. Click the Import 20-sim Scenery button to import the scenery file.

17.9 Generating the Unity Animation

In Unity when you select the 20-sim Unity Toolbox from the Hierachy at the left, a menu
named 20sim unity Toolbox (scripting) is visible in the Inspector at the right. You can
use this menu to create a Unity Animation.
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The 20-sim Unity Toolbox can create a standalone Unity application.

1. In the Export Location, choose the folder where you want to store the .fmu file with
the Unity application.

2. In the Animation Name section enter the file name for the .fmu file.
3. Click on the Build Unity Animation button.

Now an .fmu file will be generated. You can drag and drop this file into your 20-sim
model to run the animation.

17.10Drag and Drop to 20-sim

Once you have created the .fmu file with the Unity application, you can drag and drop it
to your 20-sim model.

1. Open your 20-sim model.

2. Drag and drop the .fmu file from a File Explorer into the 20-sim Editor.

Scenery File

If the .fmu file was generated from an 20-sim 3D Animation using a scenery file, it will
only run properly when dropped into the original 20-sim model.

Getting Started with 20-sim 5.1 254



17. Unity Toolbox

Inputs

If the .fmu was created from scratch assigning variables to GameObjects, these
variables will be inputs in the .fmu in 20-sim. You have to connect these inputs with the
proper generators to get the animation working.

17.11Running the Unity Animation

When you have inserted the .fmu file with the Unity application into 20-sim, you can start
a simulation and the Unity Animation will appear. Generally the simulation will be much
to fast. You have to force the simulation to run in real-time, to see a good result.

1. In the 20-sim Editor, from the Model menu select Start Simulator.
2. In the 20-sim Simulator, from the Properties menu select Run.

3. In the Run Properties window click the More button.
4.

Set the Attempting Realtime Simulation button to On and click OK.

Run Properties

Simulator  BDF Method
Timing (seconds) Integration Methods

Start: | 1 = Backward Differentiation Formula {BDF,
Finish: | 10 = Set Properties

Less << Output After Each: [ 0.1 =
Event Handling
Reinitizlize on time events
le-00G = Reinitialize on zero crossing events

Reinitialize on resettable integrator

Realtime Simulation
) off Catch up with lost time: []

Maximurm allowed lost time (ms, 0=no maximum): | 0 =

Finish
[J Allow to pass finish time

[JEndless (use finish time as dear period):

Related Options

Breakpoints General Properties Help

Cancel Apply

Make sure the simulation is set to realtime.
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5. In the 20-sim Simulator, from the Simulation menu select Run.

Now Unity application will open and the simulation will start.

6. Click Alt-Enter to change the Unity Animation from full screen to a window.
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18 Scenario Manager

18.1 Introduction

Introduction

Scripting is very useful to run tasks automatically but they are not very
user friendly and intuitive for users with little knowledge of scripting
languages. The Scenario Manager fills this gap. You can use it to add
actions (basic scripting functions) into a scenario (a set of actions) and run
that automatically, without any knowledge of scripting languages.

The Scenario Manager can be used to run all kinds of tasks automatically:

Change all kinds of model settings and run simulations (experiments)
Check simulation outputs against pre-defined results (test automation)
Run simulations and store the results on file (data storage)

Generate C-code of submodels (code generation)

How does the Scenario Manager Work?
When you have a model ready for testing, you can open the Scenario Manager.

1. From the Tools menu select Scenario Manager.
2. Click on Scenariol.

Now you will see an empty Scenario Manager with Scenariol selected:
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Scenario Manager

Scenario Tree ° Scenario Actions
Actions added here are only applied to this Scenario speciicaly.

P . "
# Home Pre-simulation

Simulation

Post-simulation

The Pre-simulation bar, Simulation bar and Post-simulation bar allow you to add Actions.
Actions in the Pre-Simulation bar will be carried out before the model is simulated.
Actions in the Simulation bar will be carried out during a simulation. Actions in the Post-
Simulation bar will be carried out after the model is simulated.

3. Click on the Pre-simulation bar, the Simulation bar or the Post-simulation
bar to add Actions.
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Scenario Manager

Scenario Tree ° Scenario Actions Run Settings
Actions added here are only applied to this Scenario speciicaly.

P . "
# Home Pre-simulation

= Cate;

Scenariol

Select Action To Add: X

Add PlotWindow Generate Code Implementation Log Variables
r“
7
<> A
OKto Gontinue Set Parameter Simulator Setting Update Submodel
o G
w~

Simulation

Post-simulation

Under the bar a list of Actions is presented. If you click on an Action, it will be added to
the bar.

4. Click on the Action to see its Properties at the right
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° Scenario Actions Run Settings Selected Action Properties i
Actions added here are only applied to this Scenario specifically.

Pre-simulation  Parameter 0

Simulation

Post-simulation

You can set the Properties for the selected Action at the left. If you click on the Recycle
Bin button at the top left, the Action will be removed from the bar.

Scenario

A set of Actions is called a Scenario. You may change the name of the Scenario in the
tree at the left. If you select a Scenario in the tree, you can run it by clicking the Play
button (white circle with black triangle) at the top middle.
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Fv— - o

Scenario Tree ° Scenario Actions Run Settings Selected Action Properties i

Actions added here are only applied to this Scenario specifically.

# Home ion ~ Parameter

O CEEmyn o MotionProfile
Change Stroke

stroke
Simulation
Run Simulation
s

Post-simulation

OKto Continue

Category

A Category may contain a set of Scenarios. You may change the name of the Category
in the tree at the left. If you select a Category in the tree, and click the Play button

(white circle with black triangle) at the top middle, all Scenarios in the Category will be
run.

Getting Started with 20-sim 5.1 261



18. Scenario Manager

Scer ger

Scenario Tree ° Category Actions [—

Actions added here are applied o all Scenarios inthis Category.

P . "
# Home Pre-simulation

= Change Stokes

Simulation

Post-simulation

As you can see, the Pre-simulation bar, Simulation bar and Post-simulation bar have
different color when a Category is selected. If you add an Action, this action will be
present for all Scenarios under the Category. This is very useful if you have Actions that
have to repeat for every Scenario.

Learn More

To learn more about the Scenario Manager:
Run the example model to see how it all works.
See which Actions can be used.

1

2

3. Inspect the results of an Action, using the logs.
4. Reset the changes made during a Scenario.

5

See where the Scenarios are stored on file.
Tips
You can use the Scenario Manager for a number of tasks. Here are some examples:

1. Run a simulation a number of seconds: You can run a simulation for a certain time
by executing the Modules: Start Simulation - Wait for seconds - Stop
Simulation.

2. Compare a simulation output with a previously recorded output: You can log a
variable during a simulation with the module Log Variables, store it in a .csv-file
with the Module Generate CSV and then use the Module Compare CSV to compare
this value with a previously recorded value.
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3. Unit Testing: Insert a model from a library with the Update Submodel Module and
then run a test.

4. Parameter Sweep: Set a parameter value and compare the simulation output with a
previous run.

5. Test Automation: Defined the desired output of a simulation run and compare this
with the real simulation output using an Assert model.

Change all kinds of model settings and run simulations (experiments)
Check simulation outputs against pre-defined results (test automation)
Run simulations and store the results on file (data storage)

Generate C-code of submodels (code generation)

18.2 Example

Introduction

You can see the toolbox in action with the example model Lifting System - Test
Automation. We will run this model tow show you how the Scenario Manager can be
used.

Editor

1. In the 20-sim Editor go to the Library tab

2. In the Library tab select Examples - Signal Processing - Lifting System - Test
Automation.

3. Drag and drop the model to the right to open the model.

Now the Editor will look like:
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B 20-sim Editor on: Lifting System - Test Automation.emx

File Edit View Insert Model Drawing Settings Tools Help
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Opening file c:\Program Files (x86)\20-sim 4.9\Models\Examples\Signal ProcessingiLifting System - Test Automation.emx...

Causality assignment completed successfully

As you can see, in the model two AssertSignal blocks have been added.

e AssertSignall (Continuous): compares the actual position with the setpoint position.
If both deviate more that 5 cm, the output testResult goes from true to false.

e AssertSignal2 (Boolean): The minimum value of the presssures in both chambers is
compared with a constant signal of 5 bar. If any one of the pressures is lower, the
output of the AssertSignal2 block testResult goes from true to false.

We will use the two AssertSignal blocks to veryfy the outcomes of several Scenarios in
the Scenario Manager.

Scenario Manager

Now we will open the Scenario Manager and run some scenarios:
1. From the Tools menu select Scenario Manager.
2. Select Proportional Gains.

The Scenario Manager will look like:
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Scenario Manager

Scenario Tree ° Category Actions [—
Actions added here are applied o all Scenarios inthis Category.
PN T— . .
A% ono Pre-simulation
= Proportional Gains

Simulation

Run Simulation OKto Continue:

Post-simulation

Asserttest Asserttest

Category

At the left in the Scenario Manager you will see a tree with Categories and Scenarios.
Categories are listed directly under Home. In the picture above you see the category
Proportional Gains, the Category Valve Settings and the Catergory Failing Tests. Under
the Categories, the Scenarios are listed (kp = 4 etc, kp = 5, kp = 6, Gleak = 1le-14
etc.).

In the middle of the Scenario Manager, you can see the various Actions that have been
selected. Each Action will perform a certain task. Actions are carried out sequentially,
from the left to the right, and from the top to the bottom. In the picture above, the
category Proportional Gains is selected. The Actions that apply for this Category are
indicated in purple:

e Pre-simulation: The Actions that are shown here, are carried out before the
simulation. In the picture above no Actions have been selected.

e Simulation: The Actions that are shown here, are carried out during the simulation. In
the picture above the Actions Run Simulation and OK to Continue are shown.

e Post-simulation: The Actions that are shown here, are carried after a simulation. In
the picture above the two Actions AssertTest are shown.

Scenario

3. Selectkp = 4.

Now the Scenario Manager will look like:
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Scer ger

Scenario Tree ° Scenario Actions [—
Actions added here are only applied to this Scenario speciicaly.

P . "
# Home Pre-simulation

= P
Set Parameter

oy

Simulation

Run Simulation OKto Continue:

Post-simulation

Asserttest Asserttest

As you can see, the Pre-simulation bar shows one Action extra, Set Parameter. The color
of the Actions is blue.

e Actions from a Category are shown in purple.
e Actions from a Scenario are shown in blue.
e When running a scenario, all Actions will be executed.

In the Scenario of the picture above a parameter value will be set, the a simulation will
be run followed by asking the user to press OK and then check the output of the
AssertSignal modules.

Running a Category

4. Open the 20-sim Simulator: In the 20-sim Editor click Model - Start Simulator.

5. Move the Simulator window on aside from the Scenario Manager window, so you
can see both.

6. In the Scenario Manager choose the Category Proportional Gains

> Play

7. Click on the Play button E

Now the first scenario of this Category will be run. In the Simulator window you can see
the simulation run:
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1.5e+007 cylinder
upward chamber (P2}
1e+007 downward chamber (Pa)

5e+006

time {s}

8. Press OK after each run.

After the three runs have been performed, the Scenario Manager will look like:

Scenario Manager

Scenario Tree ° Category Actions Run Setiings
Actions added here are applied to all Scenarios in this Category.

# Home

LIl Proportional Gains

Pre-simulation

Simulation

Run Simulation OKto Continue:

Post-simulation
Asserttest Asserttest

Left of the Scenarios, you will see V-signs indicating that the Scenarios were run
succesfully: the AssertSignal blocks have given a true output at the end of each run.

9. 1In the Scenario Manager choose the Category Valve Settings.

10. Click on the Run category button.
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Now three Scenarios will be run without asking you to click OK. Left of the Scenarios,
you will see V-signs indicating that the tests were successful.

11. In the Scenario Manager choose the Category Failing Tests
12. Click on the Run category button.

Left of the Scenarios, you will see red crosses, indicating that the tests were not
successful: the AssertSignal blocks have given a false output at the end of each run.

Running a Scenario
You can also run a Scenario individually.

13. In the Scenario Manager choose the Scenario Amax = 1e-8
14. Click on the Play button.

Now the Scenario will run. After the Scenario has been run, one of the Actions has a red
edge. If you click on the Action, you will see the corresponding log. It will show that a
time = 0.16 s the simulation output was deviating too much from the desired value.

Scenario Manager

Scenario Tree ° Scenario Actions g Selected Action Properties

Actions added here are only applied to this Scenario specifically.

# Home n 0 =
# Home Pre-simulation v Assert

= Proportional Gains bmodel AssertSignall

Post-simulation

Assert test Asserttest
Y

Log

riter: € € vw: B o

n Submodel name found for assert: "AssertSignall”.

Assert"AssertSignall” failed at time t=0.1601573942886 82 seco...

Inspecting a Module
You can inspect a module by clicking on it.

15. In the Scenario Manager click on the Module Set Parameter.

Now the Scenario Manager will look like:
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18. Scenario Manager

Fv— - o

Scenario Tree ° Scenario Actions Run Settings Selected Action Properties i

Actions added here are only applied to this Scenario speciicaly.

& Home . . -
# Home B G  Parameter T}
= Proportional Gains I Valve FourThreeW -~

Simulation

Run Simulation

s

Post-simulation

Asserttest Asserttest

&

At the right of the Scenario manager, you can see the settings of this Action. It will set
the parameter of the 20-sim model to a certain value. By clicking on the pencil buttons,
you can change the settings.
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18. Scenario Manager

18.3 Actions

The following Actions are available in the Scenario Manager.

Pre-simulation

Add Plot Window: Create a new plot in 20-sim and show variables.
Generate Code: Create C-code from a 20-sim model.
Implementation: Change the implementation of a submodel.

Log Variables: Log a variable in memory during a simulation run.
OK to Continue: Ask the user to click OK to continue.

Set Parameter: Change the value of a parameter.

Simulator Setting: Change the settings of the Simulator: Fast mode, Endless mode,
Start time, Finish Time, Event Delta, Output after each, Integration method.

Update Submodel: Exchange a submodel in your model with a submodel from file.

Simulation

Generate Code: Create C-code from a 20-sim model.

Generate CSV: Store the variables that have been logged on a .csv-file.
Log Variables: Log a variable in memory during a simulation run.

OK to Continue: Ask the user to click OK to continue.

Run Simulation: Run a simulation from start time to finish time. If the finish time is
passed, the simulation will stop, even if endless simulation has been chosen. After
passing the finish time the next Module will be executed.

Set Parameter: Change the value of a parameter.

Simulator Setting: Change the settings of the Simulator: Fast mode, Endless mode,
Start time, Finish Time, Event Delta, Output after each, Integration method.

Start Simulation: Start a simulation run and execute the next module. The
simulation will stop when all Modules have been executed or the Stop Simulation
Module is executed.

Stop Simulation: Stop a running Simulation.
Update Submodel: Exchange a submodel in your model with a submodel from file.
Wait for Seconds: Wait a humber of second before executing the next Module.

Post-simulation

Assert Test: This Module will ask you to select a submodel. It will look inside this
submodel for a boolean output signal testResult. If this signal is true at the end of the
simulation run, the test was successful and a V-sign is placed next to the scenario,
otherwise a red cross will be placed.

Compare CSV: Compare the values in two .csv-files.

Generate Code: Create C-code from a 20-sim model.

Generate CSV: Store the variables that have been logged on a .csv-file.
Implementation: Change the implementation of a submodel.

OK to Continue: Ask the user to click OK to continue.

Set Parameter: Change the value of a parameter.
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18. Scenario Manager

18.4 Action Logs
With the Logging Active button displayed:

logging will be active during the running of the Scenario. After a run is complete, you

can inspect the log, by clicking on an Action. Now the log of that Action will be displayed
below the Action.

s nager

Scenario Tree ° Scenario Actions Run Setiings
Actions added here are only applied to this Scenario specifically.

# Home

Pre-simulation

Simulation

Post-simulation

Inspecting the log is useful to see if an action was carried out properly. If an Action fails
(e.g. file cannot be found, no writing permission,..), the cause will be displayed in the
log.

18.5 Reset Model
With the Reset Model button displayed:

all changes made to a model, during a scenario, will be reset after the scenario has been
run. This very useful if you do not want to mess up you model, but sometimes
unwanted. Uncheck this button, if you want to keep the changes made to the model.
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18. Scenario Manager

18.6 File Storage

File Locations

All settings for the Scenario Manager are stored in a folder named Scenario Manager
with the same folder as the 20-sim model. Suppose you have stored a 20-sim model as:

C:\temp\models\my 20sim model.emx

Then the Scenario Manager files are stored in the folder:
C:\temp\models\ScenarioManager\my20simmodel\
Inside this folder you will find a log file

C:\temp\models\ScenarioManager\my20simmodel\build server log.txt

Inside the log file you can see the outcomes of the Scenarios that have been run.

Copies

If you want to copy the Scenario Manager with a 20-sim model, make sure that you

copy the folder
ScenarioManager\my20simmodel\

with the 20-sim model.
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Find tab 10

floating license 4

free 4

Frequency 148

Frequency Domain Toolbox 148
. G .
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20-sim is a modeling and simulation program
that runs under Microsoft Windows. With 20-
sim you can simulate the behavior of dynamic
systems, such as electrical, mechanical and
hydraulic systems or any combination of these.

20-sim fully supports graphical modeling,
allowing to design and analyze dynamic systems
in a intuitive and user friendly way, without
compromising power. 20-sim supports the
use of components. This allows you to enter
models as in an engineering sketch: by choosing
components from the library and connecting
them, your engineering scheme is actually
rebuilt, without entering a single line of math!

/20-=1m controu /[ 20-si e

Controllab Products B.V. Hengelosestraat 500, 7521 AN Enschede, The Netherlands
T +31(0)85 773 18 72, E info@controllab.nl, www.20sim.com
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