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Modeling with Open Modelica
Part 1 – Modelica Basics

1 – Modelica Basics
2 – Open Modelica Environment
3 – PUNCH Torino Library
4 – Important Details
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Two ways to model:
• Graphically, similarly to Simulink, Simscape, Labview, etc.

• Signals, like in Simulink, are unitless and interact with Mathematical Blocks.
• Connections, like in Simscape, carry “Power” via Force & Displacement, or 

Torque and Angle, or Current and Voltage, etc.
• Programming in Modelica Language.

• One section for declaring variables.
• One section for declaring equations.
• One section for creating algorithmic structures.

Another Feature:
• Model/Package drawing & graphics (Buggy).

3

How to use OpenModelica? → OMEdit!
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Package
• Groups together other classes & properties.
• Works similarly to a folder.

Model
• An entity that can be simulated.
• Can be made of other models.

Block
• A component of a model that requires inputs to be 

simulated. ie; Can not be simulated by itself.

Type
• Creation of unique (custom) data types.

Class
• For text documents. Contact, Release version, etc.

Partial
• An incomplete component of a class. Useful for having

global components that can be easily imported into other
classes (such as graphical icons or variables).

Save in One File
• Saves the class as one giant ASCII text file. It is the

default and NOT recommended as it tends to make
modifying large models very slow.

4

Modelica Classes & Options
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Files are saved with the extension “.mo”. If Modelica crashes during a simulation, the files open at the time may be

converted into a “.bak-mo” (backup) to prevent them being corrupted. This means the next time the user opens the library or the file,

errors may occur due to missing components. It is sufficient to open the “.bak-mo” with a text editor such as “notepad” and resave the

contents with the extention “.mo” to convert the model into a normal file again.

“.order” files are generated whenever a package is created in which the user disables the “Save in One” feature. This

feature is recommended! It facilitates exporting individual components, and models. It also makes the library more modular and easier

to modify. The file “.order” is simply an ASCII list of the models and package names at that package layer. If another package is

contained within the first package, the name of the second package will be visible in the “.order” file, and going a level deeper, the

second package will also have its own “.order” file.

It is possible to add any package or model to the start up procedure by linking its “.mo” file to the editor via:

Tools → Options → Libraries

5

File Structure
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6

Components from Blocks Library Components from Mechanics LibraryComponents from Electrical Library

Signal Blocks Physical Blocks

What do MSL4.0 Components look like?

NOTE: Icon connections of physical blocks 
typically carry two signal; one extensive 

property & one intensive property.
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Modeling with Open Modelica
Part 2 – Open Modelica Environment

1 – Modelica Basics
2 – Open Modelica Environment
3 – PUNCH Torino Library
4 – Important Details
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Welcome Page: Recent Files & News

Welcome Tab Selected
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Modeling, Plotting & Debug Pages

4 Tabs to Choose From
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Expand the Modelica Library

Expanded MSL (Modelica Standard Library)

MSL 
4.0
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Expand the Modelica Library
MSL 
4.0

Info & Contact Details
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The OMEdit interface (Graphical Modeling):

Insert components 
via Drag & Drop

Modeling 
via graphics

Modeling Tab Selected

Snap to Fit

Connect
components.
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The OMEdit interface (Text Modeling):

Modeling Tab Selected

Modeling 
via graphics

Text appears 
automatically: 

due to graphical 
programming.

Text manually 
written: Global 

parameters with 
default values or 

equations. 
Addition of 

“partials”, etc

NOTE: Key words such as: constant, 
parameter, connect, import, extends, 

partial, model, package, etc. 
Dialog options allow to disable some 
parameters or (in some instances) 

create menus!
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The OMEdit interface (Icon Building):

Modeling Tab Selected

Icon 
Creation

NOTE: the white frame should 
always encompass both the model 
and the graphic to ensure the 
correct hitbox of the models. A bugs 
that was encountered is that when 
adjusting the white frame, either 
manually or automatically, the hitbox 
gets incorrectly set to outside the 
image, despite the frame being 
correctly positioned on the graphic.

Possibility to draw personalized 
icons in the graphical modeling 
page or in the model graphic page.
It is also possible to import drawings 
from elsewhere in the file as a 
“partial”.

Snap to Fit
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The OMEdit interface: Plotting

Values evaluated 
& constants, all 
plottable!

Message Browser: Errors appear here!
- List of ALL equations if mis-defined system.
- Error code.
- Chattering.

Plotting Tab Selected
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The OMEdit interface: Debug

Plotting Tab Selected

The model that 
is being 
simulated
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Modeling with Open Modelica
Part 3 – PUNCH Torino Library

1 – Modelica Basics
2 – Open Modelica Environment
3 – PUNCH Torino Library
4 – Important Details
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Note: PUNCH_Library

The Library
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Open Examples/Models…

Expanded Library
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Select Item

Red Squares 
Indicate the 

“Edges” of the 
Icon! 

Component can 
be moved by 
Dragging it!
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Change Model Simulation Settings & Parameters

Double Clicking 
Shows 

Parameter 
Values: Black 

Have been 
Modified, Gray 
are Defaults.
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Initial Conditions

Switch tab to 
impose initial 

values.

NOTE: Initial conditions will 
not be visible here next 
time you open this page!
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Text Based Modeling

Close the Tab & 
Switch to Text 

Based 
Programming!
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Text Based Modeling

Declared 
Parameters and 

Models with 
Modified Initial 

Values

Equations & 
Connections. 
Inside models 
there may be 

more 
equations!

Values different from 
defaults, and initial 

conditions will appear 
explicitly stated in 

parentheses
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Return to Graphical Programming
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Check if Model is well defined…
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Check if Model is well defined…

Same number of 
equations & 
variables!

NOTE: Models with signal busses may have different 
number of equations & variables due to being 

components of a system, and thus balancing the other 
equations/variables via connecting with other models.
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Complete Model with Functions
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Full Model Text to Export

NOTE: The model may also be exported from…
File → Export → FMU
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Simulate: via first checking settings…

Simulation Settings

Simulation 
Timestep & 

Duration

Launch Simulation
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Simulate: or with default settings

Launch Simulation
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Compiling
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Simulating

Loading…
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Simulation Successful!

Simulation Successful!

Results!

Search Signals!
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Expand Model Result Signals

Expand a Component!
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Select Signal

Select the signal of interest

End of 
Simulation 

Value
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Or Several Signals…

Signal 1

Signals 
2 & 3
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Or Several Signals… then Export them!

Export 
the 

Results 
Selected 
to CSV
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Hide Selected Results…

Hide Signals You 
don’t want to see: 

Grayed Out. In 
case of exporting 
results; hidden 

signals will still be 
exported!
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Change Plot Line Colors…

Graph Settings….

Modify Legend 
Settings, Line 

Colors, 
Thickness, etc!
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Or The Axis Settings

Modify Axis 
Settings
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Other Settings for Title & Legend…

Disable Auto-scale
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Select Signal

Fit results 
to graph
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Select Signal

Log 
Graphs
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Select Signal

Save 
IMAGE of 

graph
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1 – Modelica Basics
2 – Open Modelica Environment
3 – PUNCH Torino Library
4 – Important Details

Modeling with Open Modelica
Part 4 – Important Details / Tips & Tricks



© PUNCH  |  Confidential

|  04/03/2023 |  47

Applying/Modifying Default Simulation Times

To modify default simulation time, add/modify the model annotation to include the line:
experiment(StartTime = XX, StopTime = YY, Interval = ZZ)
It is also possible to modify the model icon from this section.
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Performing “Case” Simulations

Modelica does not support DOE’s or Case Studies. The best way found to launch “Cases” is to add several complete 
models into another model, and change the parameters externally for each one, then simulating them all together. 
Disadvantages of this are that different timesteps, solvers, or simulation times are not possible.
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Using the Default Data Bus

When making Data Bus connections; the easiest way to have a reliable working connection is to manually insert a 
variable with the desired name. Naturally this does mean the user must keep track of the variables on the bus 
themselves. Note in the example shown, the yellow connection between the vehicle and motor is now black as it has 
been deleted and re-added. Sub-Data busses default to black, whilst Main data Bus is yellow. The color of any 
connection can be changed by double clicking on it & modifying it in the options.
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Importing Variables from Data Bus to Script

The data bus is convenient for reducing the number of connections between model components. However, variables on 
the data bus aren’t directly available for text-based programming. To make them available; include a structure with 
signal inputs in your model and connect them to the data bus. The variables then will exist for text-based programming. 
The name of the variables corresponds to the name of the triangular elements.
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StateGraph from MSL4.0

Most other libraries inside MSL4.0 are quite 
intuitive. Block library works just like 
Simulink, whilst physical component libraries 
work just like Simscape. The odd one out is 
StateGraph. States are represented by the 
white squares, whilst transitions by black 
vertical bars. There can only be one initial 
state, and a RootGraph must be present. The 
initial state is FIXED to the model and cannot 
be changed without redoing model 
connections.

To switch states, the transitions must be enabled, and firing. For a transition to be enabled, the active state must 
precede the transition. For a condition to be firing, the Boolean condition and timer conditions must be satisfied.
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Issues with StateGraph

Modelica state graph (Modelicas version of MATLAB Stateflow) is quite buggy. Firing conditions can not be written into 
the pop up menu since as they won’t be saved. They must be manually inserted into text-based programming. If 
correctly inserted, they will show up next time one opens the menu. Furthermore, timing conditions should be included 
in the transition block & not externally (even if theoretically these would be equivalent) to minimize bugs (such as faulty 
switching of states).
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Interpolation Tables

If one wants to export results, ensure “time Events” of 
interpolation blocks are disabled, otherwise duplicate 
results will occur when transitioning through existing 
data points (left limit, data point, then right limit).
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Dummy Gains

Sometimes Modelica components for table interpolation may default to sending a vector signal on their connection (distinguishable by 
a thicker dark blue line). This despite the fact that only one column is present for interpolation, and thus the output is a scalar. This can 
be problematic when connecting to the data bus and can cause errors. A valid solution is to use a dummy gain of one prior in between 
the connections.
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Jacobians Divide by Zero?

If, during simulations, errors referring to Jacobians 
dividing by zero are observed, insert dummy initial 
conditions in the circuit. These errors occur due to 
the element potentially beginning the simulation 
disabled & thus causing compilation errors.
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