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Controllab Products B.V. 

Controllab Products B.V. is a spin-off company of the University of Twente. Controllab Products was founded 
in 1995, with the aim to apply modeling and simulation techniques for the improvement of machine 
performance. In the past years, the engineers of Controllab Products B.V. have gained a lot of experience in 
control engineering and machine dynamics. 
 
The main product of Controllab Products is the modeling and simulation program 20-sim. 20-sim was first 
released in 1995. The program supports lumped parameter modeling with equations, block diagrams, bond 
graphs and iconic diagrams. More information 20-sim can be found on the website www.20sim.com. 
 
 
 
Controllab Products B.V. 
Address: Drienerlolaan 5 HO-8266 
 7522 NB Enschede 
 the Netherlands 
Tel:  +31-53-4893096 
Fax:  +31-53-4892223 
Internet:  www.20sim.com 
 www.controllab.nl 
E-mail:  info@20sim.com 
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Courses 

Introduction to 20-sim 

This one day training course will show the basic capabilities of the 20-sim software. The course is meant as 
an introduction to the package for novel users of the package. With the course you will be able to create and 
simulate models and use the various toolboxes to analyze the results. 

Modeling and Simulation with 20-sim 

This three day training course will show al the capabilities of the 20-sim software. The course is meant as a 
thorough introduction to the package for users who want to extensively use the package. With this course 
you will be able to create your own model libraries. You will be able to create tailor-made models and use all 
the toolboxes to analyze the results.  

Real Time Toolbox and C-Code Generation in 20-sim 

This one day training course will show the basic capabilities of the Real Time Toolbox of 20-sim. With the 
course you will be able to create and simulate dynamic models and generate C-code out of these models. 
The code can be for various purposes such as control code generation for rapid prototyping systems or 
machine code generation to create virtual machines. 

PID Control 

Because of the high level of experience Controllab Products B.V. was asked by the Corus company to create 
a training course to give maintenance engineers more skills in control engineering and machine dynamics. 
After a successful introduction of the course at the Corus company, Controllab Products B.V. has decided to 
make the course public and allow other companies to benefit from this course. This training course covers 
part of the training course “PID control and Machine Performance” and will teach engineers how PID 
controllers work. 

PID Control and Machine Performance 

This training course is an extended version of the training course “PID Control” and will learn engineers how 
PID controllers work and how they influence machine behavior. With the help of this course the you will be 
able to efficiently detect ill-adjusted or ill-implemented PID controllers. Moreover you will gain the skills to 
design alternative control schemes and test these using modeling and simulation tools. You will also be able 
to implement every form of PID control (PLC, PC, motor drive, etc.) and test the proper operation.  
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Introduction to 20-sim 

Objective 

This one day training course will show the basic capabilities of the 20-sim software. The course is meant as 
an introduction to the package for novel users of the package. With the course you will be able to create and 
simulate models and use the various toolboxes to analyze the results. 

Target Audience 

The training course is intended for scientist and engineers who want to use 20-sim for modeling and 
simulation to analyze the dynamic behavior of systems. The course has an engineering level and will focus 
on the practical application of the software. The audience should have an engineering education with a basic 
level of knowledge on measurement and control, modeling and dynamics. 

Course Outline 

In this training course you will get a full understanding of the 20-sim software and the various toolboxes that 
are included. You will learn the basics of modeling and the various representations (equations, transfer 
functions, block diagrams, bond graphs, iconic diagrams) that can be used to create models in 20-sim. 
Simulation is explained with a strong focus on model checking and debugging. A proper explanation is given 
of the integration methods that can be used in simulation. The last part of the course deals with the various 
toolboxes that can be used in 20-sim to analyze models such as parameter sweeps, sensitivity analysis and 
3D visualization. 

Introduction  

·  Modeling and simulation  
·  Lumped Parameter Modeling  
·  Modeling and Simulation Session in 20-sim  

Modeling  

·  Library  
·  Help Files  
·  Model Representations  
·  Equations / State Space Models / Block Diagrams  
·  Bond Graph / Iconic Diagrams  
·  Checking & Processing  

Simulation  

·  Compiling  
·  Experiments  
·  Running a Simulation  
·  Discrete Systems  
·  Integration Methods  
·  Debugging  
·  Analysis Methods  
·  3D Animation  
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Modeling and Simulation with 20-sim 

Objective 

This three day training course will show al the capabilities of the 20-sim software. The course is meant as a 
thorough introduction to the package for users who want to extensively use the package. With this course 
you will be able to create your own model libraries. You will be able to create tailor-made models and use all 
the toolboxes to analyze the results.  

Target Audience 

The training course is intended for scientist and engineers who want to use 20-sim for modeling and 
simulation to analyze the dynamic behavior of systems. The course has an engineering level with the focus 
on practical applications. The audience should have an engineering education with a basic level of 
knowledge on measurement and control, modeling and dynamics. 

Course Outline 

In this training course you will get a thorough understanding of modeling and simulation with 20-sim. A strong 
focus is put on mechatronics and precision engineering. In close cooperation with the participants this can be 
changed to other domains if required.  
 
The first day is equal to the introductory course. You will learn the basics of modeling and simulation. The 
various representations (equations, transfer functions, block diagrams, bond graphs, iconic diagrams) that 
can be used to create models in 20-sim are explained as well as simulation techniques and model analysis. 
 
A full day is used to help you to work with block diagrams and iconic diagrams. Block Diagrams are best 
suited for modeling signal flows. In this course a focus is put on control flows as used in computer controlled 
systems. You will learn to find the basic blocks in the model library and create new models using these basic 
building blocks. Iconic diagrams are extremely suited for modeling physical systems. In the course the basic 
theory behind iconic diagrams is explained as well as the use of iconic diagrams in 20-sim. You will learn 
how to use the basic components from the library and how to create and use their own components. 
 
In the last day, participants will use the knowledge acquired, to model mechatronic systems, e.g. systems 
that contain physical parts as well as computer control parts. For this purpose the 2-D model library is 
explained and used to model a lens holder. Particular interest will be put on the design aspects of this model, 
both in the physical and the control domain. An important part for analysis and design is the use of the 
frequency domain. Participants will learn to use model linearization to inspect model behavior in the 
frequency domain. 
 

Day1 

Introduction to 20-sim  
·  Modeling and simulation  
·  Lumped Parameter Modeling  
·  Modeling and Simulation Session in 20-sim 
 
Modeling  
·  Library  
·  Help Files  
·  Model Representations  
·  Equations / State Space Models / Block Diagrams  
·  Bond Graph / Iconic Diagrams  
·  Checking & Processing 
 
Simulation  
·  Compiling  
·  Experiments  
·  Running a Simulation  
·  Discrete Systems  
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·  Integration Methods  
·  Debugging  
·  Analysis Methods  
·  3D Animation  

 

Day 2 

Block Diagrams  
·  Blocks, Libraries  
·  State Space models  
·  Modeling with block diagrams  
·  Algebraic Loops  
·  Derivatives  
·  Symbolic solving of equations  
 
Iconic Diagrams  
·  Components  
·  Analogies  
·  Power: across and through  
·  Component Types  
·  Causality  
·  Orientation  
·  Tips and Tricks  

 

Day 3 

2-D Modeling  
·  Modeling assumptions and basic theory  
·  2D Bodies  
·  Transformation between bodies: 2D Points  
·  Special models: spring/dampers, sliders etc.  
·  Analysis: Sensors  
·  Case: Lens-Holder  
 
Linearization and Frequency Domain  
·  Introduction  
·  How is linearization performed?  
·  Symbolic linearization  
·  Numeric linearization  
·  Linear System Editor  
·  Bode plots, Nyquist plots, Pole Zero plots  
·  Case: Wafer Stepper 
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Real-Time Toolbox and C-Code generation in 20-sim 

Objective 

This one day training course will show the basic capabilities of the Real Time Toolbox of 20-sim. With the 
course you will be able to create and simulate dynamic models and generate C-code out of these models. 
The code can be for various purposes such as control code generation for rapid prototyping systems or 
machine code generation to create virtual machines. 

Target Audience 

The training course is intended for scientist and engineers who want to use 20-sim for modeling and 
simulation to generate C-code to run on external processors. The course has an engineering level and will 
focus on the practical application of the software. The audience should have an engineering education with a 
basic level of knowledge on modeling, dynamics and C-code. 

Course Outline 

In this course you will learn how to use the Real-time Toolbox in 20-sim and the possible applications of this 
Toolbox. In the first part of the course an introduction is given of modeling in 20-sim with a focus towards C-
Code generation for a complete model or parts of the model. An explanation is given for Real-time 
considerations. In the second part of the course a live demonstration will be given with a setup using Real-
time Linux and internet communication for operator behavior. All acquired knowledge will be trained on this 
setup. Students will generate code for the setup, try to run different control strategies and get feedback by 
measurements. 
 

 

Setup for C-code generation. 

 

Introduction 

·  Modeling and Simulation in 20-sim  
·  Continuous-time and discrete-time control 

Embedded control 

·  State machines 
·  Safety Layers 
·  User Interface 
·  Measurements 
·  Virtual Machines  

Practical Aspects 

·  20-sim solvers and real-time considerations  
·  Targets in 20-sim  
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·  Code generation stages  
·  Overview of generated files for predefined targets  
·  Defining a custom C-Code target, use of keywords  

Case 

·  C-Code Generation for a continuous system 
·  C-Code Generation for a discrete system  
·  Signal monitoring and logging  
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PID Control 

Objective 

In many modern machines, electric drives are the heart of the system. In 99% of all cases, the control of 
these drives is performed by on or more PID controllers. That is why the engineers who are responsible for 
the construction and maintenance of these machines need a thorough understanding of PID controllers. 
Unfortunately the average understanding of PID control is limited and most of the times based on trial and 
error. This training course covers part of the training course “PID control and Machine Performance” and will 
teach engineers how PID controllers work. 
 
With the help of this course you will be able to understand the various implementations of PID controllers and 
the use of PID controllers for position control, tracking and force control. You will gain knowledge of how to 
use extensions to the PID control scheme such as inertia-compensation and feedforward loops. Best of all 
you will understand the various parameters of a PID control scheme and the general tuning rules that can be 
applied to change these parameters. 

Target Audience 

The training course is intended for engineers who are responsible for the design, implementation and/or 
maintenance of complex, servo driven machines. Part of their day to day work will involve the control of 
these machines, with standard servo drives or dedicated software in PLC’s, industrial PC’s etc. The course 
has an engineering level with the focus on practical applications. The audience should have an engineering 
education with a basic level of knowledge on measurement and control, modeling and dynamics. 

Course Outline 

Time Domain and Frequency domain 

An important aspect of controllers is the understanding of the time domain and the frequency domain. In a 
conceptual way the interconnection of these domains will be explained. The Laplace transform will be 
introduced as a carriage to jump between the two dome domains. This will be followed by the introduction of 
bode plots and poles/zero’s to analyze a system. 

PID control 

With help of the Laplace transform, the operation of feedback and stability will be explained. The Laplace 
transform will also be used to distinguish various machine types. With these types the introduction of 
proportional, integral and differential control is straightforward. It will clarify the operating principle of a PID 
controller and the effects of the proportional, integral and differential control on machine dynamics.  
 
Next we will focus tuning PID controllers to get optimal machine behavior. A number of classical tuning 
methods (Ziegler Nichols etc.) will be explained next to modern tuning methods (simulation, pole placement 
etc.). 
 
There are numerous variations on PID control. We will explain the various aims (position control, tracking, 
force control), the applications (single loop, cascade control) and the extensions (inertia-compensation, 
feedforward etc.). 
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Model of an AC-motor with speed-control and feedforward. 
 

Finally we will focus on the implementation of PID controllers in software (PLC, PC etc.) and standard drives 
components (servo drives, control cards etc.). 
  

Day 1 

·  System Responses 
·  Linear Systems 
·  Laplace Transform 
·  Transfer Function, Poles and Zeros, Bode Plot 
·  Time Domain and Frequency domain: Dirac pulse, Step function, Sine. 
·  Linearization 
·  Fast Fourier Transform 

Day 2 

·  Feedback Loop 
·  PID control 
·  Controller Tuning 
·  Pole Placement 
·  Cascade control 
·  Frequency domain tuning 
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PID Control and Machine Performance 

Objective 

In many modern machines, electric drives are the heart of the system. In 99% of all cases, the control of 
these drives is performed by on or more PID controllers. In many cases, ill-adjusted controller parameters or 
ill-implemented PID controllers are the cause of damage or loss of performance. 
 
That is why the engineers who are responsible for the construction and maintenance of these machines 
need a thorough understanding of PID controllers. Unfortunately the average understanding of PID control is 
limited and most of the times based on trial and error. This training course is an extended version of the 
training course “PID Control” and will learn engineers how PID controllers work and how they influence 
machine behavior. 

 

 

A modern cold rolling mill has multiple separately controlled electric drives. 
 
With the help of this course the you will be able to efficiently detect ill-adjusted or ill-implemented PID 
controllers. Moreover you will gain the skills to design alternative control schemes and test these using 
modeling and simulation tools. You will also be able to implement every form of PID control (PLC, PC, motor 
drive, etc.) and test the proper operation. 

Target Audience 

The training course is intended for engineers who are responsible for the design, implementation and/or 
maintenance of complex, servo driven machines. Part of their day to day work will involve the control of 
these machines, with standard servo drives or dedicated software in PLC’s, industrial PC’s etc. The course 
has an engineering level with the focus on practical applications. The audience should have an engineering 
education with a basic level of knowledge on measurement and control, modeling and dynamics. 

Course Outline 

The target of this course is a better understanding of the PID controller and the influence of a PID-controller 
on the machine dynamics. The introduction will therefore focus on machine dynamics an how the dynamic 
behavior of machines can be described by models. Simulation techniques will be explained, to analyze these 
models. 

Modeling 

There are many methods to model the dynamic behavior of machines. In this section the use of differential 
equations, block diagrams and components will be explained. The participant will learn how to use these 
methods to represent machine parts and controllers. 
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Simulation 

By means of simulation you can analyze a model. In this section will be explained how to use simulation in a 
useful way and how to validate the results. 

Time Domain and Frequency domain 

An important aspect of controllers is the understanding of the time domain and the frequency domain. In a 
conceptual way the interconnection of these domains will be explained. The Laplace transform will be 
introduced as a carriage to jump between the two dome domains. This will be followed by the introduction of 
poles and zero’s, bode plots to analyze a system. 

PID control 

With help of the Laplace transform, the operation of feedback and stability will be explained. The Laplace 
transform will also be used to distinguish various machine types. With these types the introduction of 
proportional, integral and differential control is straightforward. It will clarify the operating principle of a PID 
controller and the effects of the proportional, integral and differential control on machine dynamics.  
 
Next we will focus tuning PID controllers to get optimal machine behavior. A number of classical tuning 
methods (Ziegler Nichols etc.) will be explained next to modern tuning methods (simulation, pole placement 
etc.). 
 
There are numerous variations on PID control. We will explain the various aims (position control, tracking, 
force control), the applications (single loop, cascade control) and the extensions (inertia-compensation, 
feedforward etc.). 
 

 

Model of an AC-motor with speed-control and feedforward. 
 

Finally we will focus on the implementation of PID controllers in software (PLC, PC etc.) and standard drives 
components (servo drives, control cards etc.). 
  

Case 

In coordination with the participants a number of practical examples will be analyzed. Preferably machines 
that are common to the participants will be used. We will use all the theoretical and practical skills that were 
gained in the previous section, to create models that describe the dynamic behavior of these machines as 
well as the control loops that are of interest. We will use these models to analyze the controllers and, if 
necessary, design alternative controller setup. 
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Case: model of a cold rolling mill with multiple control loops. 
 
The participants have to actively participate in this section. They have to collect measurement data, technical 
drawings en gather all information that is necessary for a good analysis of the various machines. That makes 
this session, not only a good training of new skills, but it also yields the first practical results for the 
participant’s daily work. 
 

Day1 

·  Introduction to 20-sim  
·  Modeling 
·  Simulation 

Day 2 

·  Block Diagrams  
·  Iconic Diagrams  
·  Modeling with Iconic Diagrams 

Day 3 

·  System Responses 
·  Linear Systems 
·  Laplace Transform 
·  Transfer Function, Poles and Zeros, Bode Plot 
·  Time Domain and Frequency domain: Dirac pulse, Step function, Sine. 
·  Linearization 
·  Fast Fourier Transform 

Day4 

·  Feedback Loop 
·  PID control 
·  Controller Tuning 
·  Pole Placement 
·  Cascade control 
·  Frequency domain tuning 

Day 5 / 6  

·  Case 
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General Information 

Prices 

Introduction to 20-sim € 350 1 day  
Modeling and Simulation with 20-sim € 1050 3 days 
Real Time Toolbox and C-Code Generation in 20-sim € 450 1 day 
PID Control € 900 2 days 
PID Control and Machine Performance € 2800 6 days 
 
The prices are per participant per course, including all course materials, excluding travel cost and other 
expenses. During the courses the lunch will be offered by Controllab Products B.V.. Prices are excluding 
V.A.T. 
 
All courses take place at the given dates, subject to sufficient participants for the course. If a course should 
be cancelled or postponed, you will be timely informed. 

Dates 

Introduction to 20-sim 6 November 2008, 26 March 2009   
Modeling and Simulation with 20-sim 10, 11 and 12 December 2008 
Real Time Toolbox and C-Code Generation in 20-sim 7 November 2008, 27 March 2009 
PID Control 9 and 10 February 2009 
PID Control and Machine Performance 6, 13, 20 and 27 February and 6 and 13 March 2009 

Location 

The course will be given on the campus of the University of Twente. After subscription, you will receive an 
acknowledgment for the desired course and a travel description for the course location. If there are sufficient 
participants courses can also be given at alternative locations and dates. 

Course Lecturers 

The courses will be given by experienced engineers with many years of hands-on experience. The head of 
the group of teachers is Ir. C. Kleijn. Mr. Kleijn is a practiced teacher with more than ten years of experience 
as a consultant in power transmission, control engineering and mechatronics. 

Course Registration 

Subscription to a course can be done with the printed registration form. By subscribing the form, you will 
indicate that you know the terms and conditions and accept them. If you want to be sure of participation, we 
advise an early subscription. 

Start / Duration 

The courses start at 09.00 hours and end around 16.30 hours. If needed, scheduled times can be changed. 

Method 

The training course will be given by means of sheets, the blackboard and software education. We have 
experienced that the training of skills is not only necessary but also fun to do. Therefore training courses of 
Controllab Products B.V. will be given in alternating blocks of central explanation and practical sessions, with 
the duration of the central explanations never exceeding 30 minutes. 

Certificate 

A successful completion of a training course will be rewarded by a certificate. This certificate will extensively 
describe the gained theoretical and practical skills. 
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Language 

The courses will be given in Dutch or English. If you want to follow the courses in English, please let us know 
before the start. 

Special Courses 

For groups of 3 participants or more, client-specific courses can be given. These courses can contain 
modules of the standard courses, or be tailored to your needs. If you have sufficient participants and the 
planned date or location is not appropriate, please contact us to give the course at your business location. 

Terms and Conditions 

For the courses we use the General Terms and Conditions of the Federation of Dutch Trade Associations for 
Information Technology, as filed at the office of the Clerk of the District Court in the Hague on June 3, 2003 
under number 60/2003. Together with this brochure a copy of these terms and conditions has been sent to 
you. 
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Booking Form 
  
Company: ________________________________________________ 

Department:  ________________________________________________ 

Address:  ________________________________________________ 

 ________________________________________________ 

Phone:  ________________________________________________ 

Fax:  ________________________________________________ 

E-mail:  ________________________________________________ 

Contact person:  ________________________________________________  

 

Participant(s) 

  
Name participant*: ________________________________________________ 

Job title:  ________________________________________________ 

Course:  ________________________________________________ 

Date:  ________________________________________________ 

 
For courses that last more than one day, you can stay in the conference hotel Drienerburght at the campus 
of the University of Twente. If you want us to make a reservation, please indicate below. 
 
The participant wishes to stay at the conference hotel Drienerburght during the course: yes / no. 
 
 
 
The participant agrees with the terms and conditions of the course and the involved costs: 
 
 
 
 
______________________ ________________________________________________ 

Date Signature 
 
Send to: 
Controllab Products B.V. 
Drienerlolaan 5 HO-8266 
7522 NB Enschede 
the Netherlands 
 
* For multiple participants, please copy and fill in this registration form. 

 
 

 


