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Abstract 

 
The objective of this project was to produce a tool to simulate and visualize the behaviour of an                  
electrical machine in different scenarios. The purpose of this tool is to be used as a teaching                 
instrument in university courses that deal with electrical machines. To fulfill this purpose, the model               
needs to be able to simulate and visualize the common fenomena of electrical machines that are                
taught in these courses. Compared to book-based learning, visualization and interactivity can help             
students become more engaged with the subject at hand and retain the learned information better.  
 
The model of the machine was built in a Matlab Simulink model and it simulates a hydroelectric                 
generator. Additionally, the model comprises control circuits of the machine, sections of different             
loads to simulate load scenarios, and measurement scopes to gather data for the visualization              
process. The end product allows the user of the tool to control and visualize the common fenomena                 
of an electrical generator using an intuitive integrated user interface. 
 
This project initially started in 2018 and two groups have since worked on the project. The previous                 
groups laid the groundwork for the tool, but many of its expected functionalities were still               
incomplete or missing as our group started working on this project.  
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1. Introduction 
 
For the majority of electrical engineering students, having an understanding of the basic operating              
principles of electrical machines and the underlying physical phenomena is vitally important.            
Because of this, electrical machines are taught in graduate and undergraduate programs in             
universities around the world. Visualization and interactivity can be useful tools in helping students              
become more engaged with the subject at hand and retain the learned information better.  
 
This project initially started in 2018 and two groups have since worked on the project. The previous                 
groups laid the groundwork for the tool, but many of its expected functionalities were still               
incomplete or missing as we started to work on this project.  
 

2. Objective 
 
The goal of this project was to produce an interactive visualization tool for electrical machines that                
can be used as a teaching instrument in courses that deal with electrical machines. The end product                 
should allow the user of the tool to control and visualize the common fenomena of an electrical                 
generator using an intuitive integrated user interface. The key features to be implemented were              
real-time operation of the machine, new user interface, and overhaul of the joystick control of the                
machine. 

 

3. Project plan 
 
The planned phases of the project were as follows: 
1. Planning 
2. Familiarization with the old model 
3. Deciding which parts can be considered complete and which parts need to be worked on 
4. Division of labor 
5. Iterative development 
6. Testing and evaluation of the product 
7. Delivery of the final product 
8. Presentation 
9. Final reporting 
  
These phases were to be mostly conducted consecutively and form the timeline of the project. 
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The tasks in the project were divided into five work packages: 
WP1 Project management 
WP2 User interface 
WP3 Real time plotting 
WP4 Interactivity/gamification/other 
WP5 Documentation and reports 
  
These packages were to be conducted in parallel and each of them had a dedicated responsible 
person. 

 

4. Results A: Real-time control 
 
The user control of the simulation model is provided by using a joystick. The joystick used in                 
production of this model was Thrustmaster USB Joystick. In the final model, the only controlled               
variable is the torque of the electrical machine, as the control of the reactive power was pruned from                  
the model.  
 
The control of the machine torque by the user input works as expected, and the generator frequency                 
can be altered with adequate precision. The throttle control of the joystick is used for the torque                 
control, leaving the axes and buttons open for future implementation of the reactive power control.  
 

 
Figure 1: User input using the joystick throttle control. 
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The Simulink block (Joystick input) reads the joystick input and converts it into a control signal                
(Figure 1). For a more detailed description of the implementation of the real-time user control and                
load calculations, refer to the sections 1.1 and 1.2 of the user manual (Appendix A). 
 

5. Results B: Graphical user interface 
 
The graphical user interface was implemented with the Matlab App Designer. Simulation data is              
provided to the app using the Simulink data logging functionality and a Matlab function. Refer to                
Section 1.3 and Chapter 2 of the user manual (Appendix A) for more detailed description about the                 
function of the data logging process. 
 
The (GUI) is shown in Figure 2. The GUI contains the following parts. Start and stop buttons to                  
control the running of the Simulink model. Scopes that display relevant information (frequency,             
load and reactive power) in real time. A slider control that allows the user to configure the                 
magnitude of the machine inertia before starting the simulation. A button menu from which the user                
can select between two load scenarios: a step load and randomly connected and disconnected loads.               
Refer to the Chapter 3 of user manual (Appendix A) or detailed descriptions of the components and                 
functions of the app. 
 
Note: The effect of the user control can be seen in the top right scope in Figure 2. Here, the                    
frequency first decreases due to an increase in the network load. Afterwards, the user provides a                
control signal to the machine, increasing the generator torque. As a result, after a slight overshoot,                
the frequency stabilizes at an acceptable level. 
 

 
Figure 2: The graphical user interface. 
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6. Results C: General discussion and future work 
 
Overall, the results of the project were good. The primary goal of the project was to produce an                  
interactive teaching tool. This goal was achieved. As is, the produced tool is ready to be used as a                   
part of a course that deals with the function of electrical machines. It is worth noting that, due to the                    
smaller than expected group size and the lack of documentation by the previous group, the number                
of available man-hours for the implementation of new features was smaller than we would have               
hoped. Because of this, we feel that the obtained results are commendable. 
 
However, there are still aspects of the product that could be improved:  
Firstly, like mentioned in Chapter 4, the user control of the generator reactive power was pruned                
from the model due to lack of time.  
Secondly, the simulation speed of the model is highly dependent on the performance of the PC the                 
simulation is run on. On less powerful computers, the simulation tends to drastically slow down,               
especially when the frequency is close to reaching stability. This could be an inherent property of                
the simulation model that cannot be circumvented, though it is worth experimenting with the              
simulation model configuration properties and properties of the used blocks to see if the simulation               
speed can be improved. 
Thirdly, the user experience could be improved by adding more information about the model to the                
GUI. For example, the magnitude of the torque control signal is currently displayed only in the                
Simulink model. This information is relevant to the user and should likely be added to the GUI.  
 

7. Reflection of the Project 
 

7.1. Achieving objectives 

 
As described in the results, the main goal of the project was to create a fully functional visualization                  
tool that would be ready to be taken into use in a university course. For the project work to be                    
successful, the tool should show correct behaviour of the system in real time, and the input values                 
of the tool should be adjustable with a joystick. In addition, the tool should have a simple user                  
interface, and the properties of the Matlab app and simulink model should be properly documented.  
 
All of these primary goals were mostly fulfilled. The real time simulation was implemented with a                
Matlab app that simplifies the running of the program for end users. The system responses to                
changes in load conditions were as expected in a real case, and changes made with a joystick to                  
generator torque also affected the system as predicted.  
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One of the targets of the project was to add new concepts to visualize the operation of an electrical                   
machine, such as visualization with space-vectors were considered to be implemented during the             
project. It was however evaluated that it is more important to first have the system running properly                 
with basic configuration and to create a proper user interface. It would have required more time and                 
more knowledge on the electric machines to add these features before the project deadline. Adding               
new features can be continued later by the next project work groups.  
 

7.2. Timetable 
 
Timetable for the project was well defined in the project plan. It was estimated already in the early                  
phases of the project, that completing all the tasks would require a lot of working hours. However,                 
especially familiarizing with the Matlab and simulink model done by the previous project group, as               
well as the electromechanical concepts required in this project took considerably more time than              
predicted.  
 
Some of the target dates defined in the project plan were not reached, but these delays did not cause                   
any project deadlines to be missed. In the future projects it is recommended to follow the progress                 
related to the work packages regularly.  

 

 
Figure 3: Work packages of the project plan 

 

Page 9 of 13 
 



Figure 4: Schedule of the project plan 

7.3. Risk analysis 
 
The highest risk was estimated to be that the existing project cannot be utilized as it is, but instead                   
would require a lot of changes before new features could be implemented. Even though some               
changes were necessary for the simulations to run properly, the risk was not realized, because most                
parts of the existing version were usable in the final version of the visualization tool.  
 
Other risks were defined to be tasks getting delayed, as well as difficulties with familiarizing with                
the existing Simulink model. Even though additional time margins were added to the work              
packages that would allow the tasks to be completed on time, in many cases the actual schedule did                  
not completely follow the original timetable. However, any of the critical project deadlines were not               
missed, so the risk of missing the deadlines was not realized. Familiarizing with the new tools was                 
identified as a risk, and the risk at least partially realized, since familiarizing with all the concepts                 
took more time than expected. 
 

Table 1: Risk analysis of the project plan 

Risk description Risk severity 
(1-5) 

Countering the risk 

In some cases, we cannot simply build on 
the existing work, but we have to adjust 
or rebuild some older part of the project 
to build on it. 

4 Getting properly familiar with the 
work of previous projects and 
reserving enough time for this in 
our schedule. 

Several adjacent tasks getting delayed, 
risking a missed deadline 

2 Reserving enough margins for each 
task in our schedule. 

 Familiarizing with a new tools might 
take larger amount of time than 
expected. 

2 Reserving separate time slot for this 
task in our schedule. 

 

7.4. Project Meetings 

 
The project meetings were organized every two weeks in the early phases of the project. The project                 
meetings were held more often towards the end. During the last phases of the project, meetings                
were arranged weekly. The meetings were held at TUAS building when possible, but after the               
spread of coronavirus, the meetings were held remotely via Microsoft Teams. For each session, the               
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agenda was defined beforehand, typically during the previous meeting. In addition, there were few              
meetings arranged between the group members when needed. 
 
The project meetings were very useful, because during the meetings it was possible to discuss how                
the generator should behave in different scenarios, and also to discuss what kind of modifications               
are needed to the Simulink model so that the simulations would behave as intended.  
 
Memos were written during each meeting, and the meeting notes were uploaded to Google Drive               
after each session. The meeting notes didn`t have a predefined structure, but instead the idea was to                 
write down what has been discussed during meetings. The meeting notes could then be later used to                 
see what are the ongoing tasks, and afterwards to track the progress of the project. It was thought                  
that the memos could also be useful for the next project groups that will continue with similar                 
topics.  

7.5. Quality 

 
One of the biggest challenges during the project was that the schools were closed and that the work                  
had to be done individually from home. When working remotely the role of the project management                
as well as individual contribution increases. Having meetings regularly helped to keep the work on               
schedule. 
 
In addition, the simulink model was quite complex, and was quite slow to run with some laptops.                 
This required the group members to reserve sufficient time when testing how the simulation model               
behaves after each change. 
 
One of the challenges when continuing with an existing project is to document all relevant               
information. Documenting will help other users to also familiarize with the concepts and improve              
the tool itself when needed. 

 

8. Discussion and Conclusions 
 
In overall, the course was very useful, and combined many of the skills needed when running a                 
project, such as project and time management skills. The content of the course was arranged well,                
so that there would be lectures that give an insight on how projects are implemented in addition to                  
the project work itself. Creating a project plan and business plan in the early phases of the project                  
helped to estimate the workload needed to complete the project, and prevented all the workload               
from piling up towards the last days before the project deadlines. 
 
The final gala was originally planned to be arranged in the TUAS building, but the gala was                 
eventually held online as a Zoom meeting. Having the meeting online prevented slightly from              
seeing the actual results from other project groups, but considering how fast the plans for the event                 
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had to be changed, in overall the final gala was very well organized, and the presentations as well as                   
the introductory videos gave a very good overview on the work that other groups had done.  
 
During the project there were some challenges, such as the need to work remotely. However, it is                 
very typical in all kinds of projects that the things don't go as planned, and thus from the project                   
management point of view, the challenges also gave a good understanding how to react to different                
kinds of changes during a project. 
 
Continuing the work started by earlier groups had both its advantages and also challenges, but               
mostly it was very beneficial that the work didn't have to be started from scratch. Previous groups                 
had good ideas on how to simulate the system with transient conditions, and it made it easier to                  
continue working with the simulations.  
 
Working with the topic was also highly beneficial, since it taught many concepts about              
electromechanics that were not very familiar before the start of the project work course. After the                
course, the behavior of the synchronous machine became much easier to understand, which was              
maybe the most useful outcome of the course.  

 

List of Appendices 
● Project plan 
● Business aspects document 
● User manual 
● Simulink model (power_turbine_model_final_2020.slx) 
● Visualization tool application (VisualizationTool.mlapp) 
● Data logging function (DataLogger.m) 
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