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Abstract 
The Project Group 28 operated during the first half of 2017 with the objective of implementing a 

3D eddy current solver in Matlab. The software was to be able to model and visualize the eddy 

current in an arbitrary solid exposed to a user-defined magnetic field at given frequency. 

Additionally, the group was tasked with creating other necessary deliverables, such as manuals and 

the proof of proper operation, and complying with the course requirements, such as preparing an in-

depth analysis of business opportunities. The group consisted of six students who were studying 

master level studies in the Automation and Electrical Engineering major. The ultimate goal of a 

complete solver was not achieved, but the group was able to implement the majority of the solver 

software itself, establish a viable toolchain to model the solid and visualize future results. Apart 

from Matlab, the toolchain utilized Blender for solid modeling and ParaView for visualization, both 

readily available and open source. The group simulated eddy currents in a sample bar using Elmer 

to produce a reference solution for verifying the operation of the solver built during the project. The 

resulting current intensity was visualized and used for presentations. Additionally, a user guide to 

use Elmer and ParaView as a toolchain was prepared as well as the user guide for the incomplete 

Matlab solver. All source code was placed on GitHub for unrestricted access. The group learned 

substantially project working skills and saw an entire lifecycle of the project. Additionally, the 

group enjoyed a possibility to work with the leading experts in the field of computational 

electromagnetism. The help from the researchers of the field proved to be invaluable in 

programming efforts. 
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1. Introduction 
The 3D Eddy Current Solver in Matlab is a software project that targeted to create a complete eddy 

current analysis library in Matlab. The software is able to solve eddy currents in a three-dimensional 

solid which geometry and magnetic field parameters can be freely defined. The solution is a vector 

field that describes the current vector in the solid. 

Eddy currents are circulating currents in a solid conductor that are caused by a change in the 

magnetic field density. An alternating current in a conductor causes a time-varying magnetic field at 

the same frequency. If the conductor is in the vicinity of the solid of interest, alternating eddy 

currents are induced into the solid. As the material of the solid is practically always resistive, the 

eddy current causes energy losses and heating, an undesirable phenomenon in e.g. transformers, 

generators and electric motors. 

Additionally, eddy currents can be used to probe materials for defects. For example, a cast solid 

exhibits different behaviour in an alternating magnetic field if it contains voids or cracks compared 

to a flawless piece. 

In order to gain advantage of eddy currents as a measurement method or to avoid its negative 

effects, a simulator software can be utilized in design phase before any prototypes are constructed 

or test casts are ordered and destructively tested. Consequently, the use of a simulation saves time 

and cost. Therefore engineering and manufacturing companies such as ABB, Danfoss and Ensto 

and power system operators such as Fingrid, Caruna and Elenia utilize simulation in a broad manner 

upon designing new products or installations. 

The simulator is a complete software product in which the user can define the problem parameters 

and solve it numerically. In case of eddy current, the problem is to find the eddy current vectors in a 

solid that is exposed to a user-defined magnetic field. There are a number of simulator products 

available both commercially and as open-source, the latter of which can be used to verify the results 

of our own simulator. 

2. Objective 
The objective of the project was to create a MATLAB software capable of modeling eddy current 

behavior in three dimensional objects. In order to meet the objective high level functions and 

expected performance of the program were described in the project plan.  

In the project plan the test case was described: “Creating a working software library using blocks 

and annotations to enhanced simulator predicts eddy current effects to model electrical performance 

with extreme accuracy by mid of May. 

3. Project plan 
Most important milestones reported in the project plan (Appendix A) are listed below. Other  

Delivery of the project plan on week 4 

Delivery of the business aspects document on week 10 

Software components ready for validation by the end of week 17 

Delivery of the final report by 29th of May 

The third milestone was divided into smaller parts, and estimating time for these tasks proved to be 

hard to create. Therefore it was found that some of the first coding working packages were finished 

in advance but e.g. geometry-matrix-mapper took longer time to finish (7 weeks) than planned (4,5 

weeks).   

Starting from the beginning of the project it was seen that the planned hours for each week (varying 

from 5-15 hours) were not reached. This was due to the fact that other courses take place 

simultaneously and the project group cannot spend the designated number of hours on the project 

every week. 
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As mentioned in the project plan most of the hours were spent on the coding itself. Surprising 

though was the amount of work consumed by different deliverables. All of these deliverables were 

mentioned in the document but the required work was underestimated when the project plan was 

carried out. 

Project plan document can be found as Appendix A. 

4. Results 

4.1. Results: Eddy current solver in Matlab 
The technical details of our eddy current solver in Matlab can be divided into three parts: Blender, 

Matlab and Paraview. Blender is used in this project solely to model the mesh and its dirichlet 

boundary conditions. Therefore, this chapter will not go into detail of its usage as there are multiple 

tutorials on how to use Blender online. Additionally, a separate user manual document describing 

Paraview can be found in Appendix D. The user manual describes briefly how the software 

workflow works.  

The Matlab part of our software takes a mesh defined as points in 3D as input along with a similar 

file with the Dirichlet nodes of the mesh. If the input is successful, it then begins to refine the mesh 

into tetrahedrons as many times as the user specifies. The refining is done by dividing each 

tetrahedron into two smaller tetrahedrons. When this is done, the software calculates the stiffness 

matrix and the load vector. They are assembled by summing the contribution of each point and edge 

tetrahedron wise into a zero matrix. This results in two stiffness matrices and two load vectors; one 

for nodes and one for edges respectively. However, a tetrahedron has six edges and four points, 

which makes them incompatible another. Therefore, a C-matrix is calculated to relate the stiffness 

matrix with the load vector. Finally, the software would be able to determine the T-matrix and the 

Ω-matrix along with the eddy current vector J and output them in user-defined format (.vtk, .csv or 

.txt). However, the programming efforts ran out of time, and therefore the last steps in solving and 

composing the results were not implemented. 

4.2. Results: Using Elmer for simulating eddy current 
Elmer is a software program coded with FEM algorithms. This software is used for comparing the 

results that we got in our project for the 3D eddy current in Matlab Library. It is an open source 

multiphysical simulation software that is developed by CSC-IT Centre for science. The software 

can be used to analyze physical models described by partial differential equations. [1] 

  

We designed a simple structure in Comsol and meshed it. After that the designed structure was 

imported to Elmer (version ElmerGUI) to assign equations for the purpose of activation of solvers 

in Elmer, assigning properties to material, setting bodyForce (forces acting throughout the volume 

of a body e.g. electric and magnetic field forces) and boundary conditions. 
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Figure 1: Assigning input parameters to meshed structure using Elmer 

  

 

The version ElmerGUI has been linked against ParaView visualization software and therefore 

ParaView software was used to look at the visual results of simulations. It is an open source multi-

platform data analysis and visualization application. [3] 

  

 

Figure 2: Visual results on ParaView 

5. Role of Finite Element Method in this project 
Finite Element Method (FEM) is a mathematical method used in multiple applications in 

engineering sciences. The simplified idea behind FEM is that partial differential equations are 

turned into algebraic equations. FEM is very powerful tool when engineering sciences’ partial 

differential equations are combined with numerical methods of solving algebraic equations together 

with computing power provided by computers. [4] 

5.1. Eddy current solution using FEM 
Maxwell equations are used to solve eddy current. The basic Maxwell equations used are as 

follows, 

 

(1) The curl of magnetic field equals Maxwell equation , Ampere’s Law 
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 It should be noted that  
  

  
  is displacement current and it is considered zero in our calculations 

(quasi-static conditions). So the equation becomes  

       
(2) Faraday’s Law of electromagnetic induction   

       
  

  
 

(3) Gauss’ Law for magnetism, that is the divergence of magnetic field density is zero 

       

 

Similarly the vector identity more often used is as follows 

The curl of any gradient is always zero such that 

 

   (  )    

 

Where the symbol    is called “Nabla”, named after the musical instrument harp. 

Different formulations are used in finite element analysis. The most commonly used are Aɸ and TΩ 

formulation, but the later one is specifically used for 3D modelling  

  

5.2. TΩ Formulation 
 

In this project we are using TΩ formulation for finding eddy current in conducting bar, were 

T is vector potential of electric field 

Ω is reduced scaler potential of magnetic field  

 

The material equations and the derivation of final differential equation used is explained briefly  

 

      

 

Where   is conductivity of conducting material, also 

 

      

 

  
 

 
 
    

 
 

 

(a) 

Now putting (a) in (2) 
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   (   
 

 
)    

  

  
 

 

   (   
 

 
)         

 

Where 
    

  
       ,which is written in frequency domain 

 

   (   
 

 
)         

 

(b) 

The equation above is the magnetic field intensity in a conducting region. By introducing the vector 

potential for the source current  ⃗⃗  , the electric vector potential of induced current  ⃗  and magnetic 

scaler potential Ω, the magnetic field intensity is expressed as  

 

        ⃗⃗   

 

Which is called TΩ method. 

 

Putting the value of H in equation (b), and simplifying  

 

  
 

 
             

  
 

 
    (    ⃗   ⃗⃗  )     (    ⃗   ⃗⃗  )    

  
 

 
    (  )    

 

 
    ( ⃗ )    

 

 
    ( ⃗⃗  )     (    ⃗ )     ( ⃗⃗  )    

 

The term with arrow is cancelled out as it is curl identity  

 

  
 

 
     ⃗    

 

 
      ⃗⃗      (    ⃗ )     ( ⃗⃗  )    

Rearranging, 

 

  
 

 
     ⃗     (    ⃗ )     

 

 
      ⃗⃗      ( ⃗⃗  ) 

 

This the equation we are using in the project to find eddy current. 

 

6. Program capabilities 
Our Matlab software is not capable of calculating eddy currents. However, it is able to import a 

mesh in different formats and to refine the imported mesh into smaller tetrahedrons. The supported 

formats are Wavefront object file (.obj) and raw text file (space separated values). At the time of 
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writing, the program is able to calculate the needed matrixes. It also renders the refined mesh and 

the weighted values in each point and edge. Furthermore, the software is able to output the results to 

either a Visualization ToolKit file (.vtk), a comma separated values file (.csv) or a raw text file 

(.txt). 

For example, when we input a unit cube, as shown in Figure 3, with one of the faces being the 

dirichlet nodes, we get Figure 4 rendered in Matlab. 

  

 

Figure 3: The inputted unit cube divided into tetrahedrons 

  

 

Figure 4 The result rendered in Matlab 

 

The blue circles in the points are the dirichlet nodes and have the value zero. 

Furthermore, our program allows the user to choose the number of times that the mesh is going to 

be refined. By using the unit cube example again, but by changing the number of times to refine 

from 1 to 2, we get the figures 5 and 6: 
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Figure 5: The inputted unit cube refined two times 

  

 

Figure 6: The result rendered in Matlab 

 

7. Verification 
The verification was carried out using Elmer and Comsol simulation libraries. 

7.1. Using Comsol, Elmer and Paraview 
Similar to our solution in Matlab is standalone Elmer software. Elmer is an open source 

multiphysical simulation software [1]. COMSOL Multiphysics® is a general-purpose software 

platform, based on advanced numerical methods, for modeling and simulating physics-based 

problems [2]. ParaView is an open-source, multi-platform data analysis and visualization 

application [3]. 

  

The following list describes a step-by-step procedure instruction how to use Comsol, Elmer and 

Paraview to compare visualized results provided by our Matlab software. It is assumed that Comsol, 

Elmer and Paraview are installed in your environment.  
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1. In Comsol: Create the desired object and a coil around it 

2. In Comsol: Create a sphere over the object. This sphere limits the field and allows defining 

the surrounding material e.g. air in Elmer  

3. In Comsol: Create a mesh and export the file in .mphtxt-format 

4. Elmer does not understand directly .mphtxt (Comsol Multiphysics mesh format). Therefore 

use command line to run "elmergrid 9 2 filename.mphtxt". This will change file format 

suitable for Elmer. 

5. In Elmer: Open the mesh created in Comsol 

6. In Elmer: Add the necessary information, e.g. boundary conditions, forces and materials 

7. In Elmer: Export .sif-file 

8. Using command line run: “elmersolver filename.sif”. This creates a .vtu-file 

9. In Paraview: Open the created .vtu-file and create the visualization  

 

Fig. 7: Comsol view 
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Fig 8: Elmer’s GUI view 

  

 

Fig 9: View in Paraview 
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8. Reflection of the Project 

8.1. Reaching objective 
The adjusted objective of the project was reached in time. As discussed in chapter 6 “Program 

capabilities” the program was not fully capable of solving 3D eddy currents. However, the objective 

was reviewed with the instructor and it was agreed that the incompleteness of the software itself can 

be accepted. 

The reason for the failure to meet the objective was internal. The primary cause was the technical 

difficulty of implementing a complete solver and the programming ran out of time. However, it was 

projected that with additional time the objective could have been met. 

8.2. Timetable 
Project was ahead when geometry-matrix-mapper was started, but the mapper working package 

took considerably longer time than estimated. Therefore, project was in standstill for a while. With 

the help of instructors this problem was overcome and project was continued. 

Workloads were underestimated for some parts of the project in the beginning but corrective 

measures were made early enough. E.g. resources were reallocated when the geometry-matrix-

mapper and Elmer software were found to be more difficult tasks than planned. 

8.3. Risk analysis 
The risks listed in the project plan are presented in Fig. 10. Risks that were realized were time 

schedule failure and lack of productivity in one point of the project. Direct realized outcome from 

the time schedule failure was that some of the working packages were delayed. Time schedule 

failure was one of the main reason why the project objective had to be adjusted near the end. 

Delayed working packages were coding related. At some points the coding found out to be more 

challenging than expected. Other working packages such as result collection, business aspects 

review or final gala preparations were finished as planned and on time.  
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Fig 10: Risk analysis based on the project plan 

 

8.4. Project Meetings 
On average the project had biweekly meetings with the professor. In one of these meetings a Skype 

call was used to allow one group member to participate the conversation. Method was found 

valuable and it worked quite well although network connections were unsure.  

During the first half of the project the group had biweekly meetings. For the second half of the 

project is was agreed that more meetings was needed to ensure everyone are updated on the project 

status more frequently. Therefore at least one meeting for each week was agreed. 

Project manager drafted an agenda for each meeting which helped to cover all of the relevant issues 

on that week. In the meeting common and individual goals were stated for the following week. 

From all of the meetings a memo was drafted and archived to the common Google Drive folder for 

everyone to access later. These methods allowed meetings to be relatively short and efficient. 

8.5. Quality management 
According to the Project plan, following QA objective was set: 

 

The quality of the project is inspected during regular meetings during each stage. Each team 

member is partly responsible for the quality even though the project leader has the final 

responsibility. 

The instructor is viewed as a mentor for the project that can supervise the project and alert the 

group if there is a risk of decreased quality. 
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During the project, the quality management was primarily performed by following Git commit 

messages. Only a small amount of resources were allocated in the quality management itself but this 

was not found to be a problem during the project. 

As the program produced no results, the quality of the output cannot be verified. Simulations of the 

sample bar from Elmer were prepared for comparison with the respective solution from the 

prepared Matlab solver, but they were never used. 

9. Discussion and Conclusions 
Our project was a software development project and most of the team members did not know 

beforehand what were the requirements performing this kind of work. Software project also meant 

that some of the typical limitations related to projects with physical products were avoided. For 

example most of the Matlab code was written remotely, not together in the same space. This 

allowed more flexible time management for all of the group members. However in the halfway 

point of the project it was decided to arrange weekly meetings among the group. This was made to 

ensure better awareness of where other group members were with their tasks. Weekly meetings 

turned out to be successful although common time for all of the group members was always hard to 

find.  

The project deadline the project objective was modified only weeks before the final gala. The need 

for the modification highlights the unexpected challenges in the software implementation that 

ultimately lead to the objective failure. 

On the other hand, the challenges reflect the issues typically encountered in any research and 

development activity. Upon exploring the unknown any research body is bound to face previously 

unexpected challenges. 

As a group we learned work together in a multicultural group. All of us are now more ready to work 

in projects with clear timeline and expected outcome. Group members all learned different things. 

Some of our group members get familiar with specific software like Elmer, Blender or ParaView 

and most with Matlab. Project manager Mikko gained valuable experience from leading a software 

development project with an international team. 

List of Appendixes 
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Appendix C: Flow chart 

Appendix D: User manual 
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Appendix A: Project Plan 

1) Background 
 

Eddy current: 

Currents induced in the volume of conducting material moving in a magnetic field or placed in the 

time-changing magnetic field. 

 

Reason for the name: 

These currents resemble the swirling eddies in the river and hence the name eddy current. 

 

Discoverer: 

First observed by Francois Arago in 1824 but credited to French physicist Léon Foucault (18 

September 1819 – 11 February 1868). In September 1855, he discovered that the force required for 

the rotation of a copper disc becomes greater when it is made to rotate with its rim between the 

poles of a magnet, the disc at the same time becoming heated by the eddy current or "Foucault 

currents" induced in the metal. 

 

Magnitude and Direction: 

Eddy currents are by definition a current density denoted by J. It is ruled by Maxwell equations and 

thus does not have a predefined Magnitude and the units are A/m
2
. Being a vector field (current 

density depending on space) we cannot speak directly about the direction. In fact both magnitude 

and direction are ruled by the Maxwell equations. 

 

Phenomenon: 

By Lenz's law, the current swirls in such a way as to create a magnetic field opposing the change; to 

do this in a conductor, electrons swirl in a plane perpendicular to the magnetic field. 

The word eddy means circulating and therefore the eddy currents are circulating in nature. Eddy 

current is actually the phenomenon of self-inductance. For eddy current, it is not essential that there 

should be a closed circulating conductor or path because it is also produced in a solid conducting 

material by means of circular motion of electrons. 
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The purpose of eddy is to produce magnetic field in the direction opposite to the magnetic field 

which is causing it. This eddy current in the volume of a solid conducting body is produced in the 

outer periphery first and then in inner, depending upon the magnitude as shown in the figure above. 

 

Importance: 

Because of the tendency of eddy currents to oppose, eddy currents cause energy to be lost. More 

accurately, eddy currents transform more useful forms of energy, such as kinetic energy, into heat, 

which is generally much less useful. In many applications, the loss of useful energy is not 

particularly desirable, but there are some practical applications. One is in the brakes of some trains. 

During braking, the metal wheels are exposed to a magnetic field from an electromagnet, generating 

eddy currents in the wheels. The magnetic interaction between the applied field and the eddy 

currents acts to slow the wheels down. The faster the wheels are spinning, the stronger the effect, 

meaning that as the train slows the braking force is reduced, producing a smooth stopping motion. 

Other practical applications of Eddy currents include the operation of an induction machine which 

is possible because of the eddy current generated in the cage or solid rotor of the machine. Similarly 

non destructive testing (eddy current testing of pipelines or metallic containers) is also an important 

application of eddy current. In AC transmission lines the effect, which results in the so called skin 

effect. It simply means that the eddy currents and the magnetic field they cause force the current to 

be distributed on the outer region of a round conductor making the inner part of the conductor 

useless and thus causing eddy current losses in the conductor. The so called proximity effect is also 

a consequence of eddy current. They are generated in a conductor by the field from other 

conductors in its proximity (near it). 

 

Project aims and eddy current: 

We will be developing a 3D eddy current solver library in MATLAB.  

 

T-Ω (T-omega) Approach: 

In our project work, we will be developing our 3D eddy current solver library in MATLAB using T-

omega approach. The numerical simulations of eddy currents have a wide range of low-frequency 

electromagnetic applications which include induction furnaces, magnetic levitation, electromagnetic 

launching, biomedicine, electrical machines, eddy-current brakes, non-destructive testing, and so 

on. Based on the finite element method, the T-Ω method is one of the most effective methods for 

the numerical analysis of eddy currents. 

In this method, the magnetic field intensity is expressed as the sum of two parts: 

1. the gradient of a magnetic scalar potential Ω and 

2. electric vector potential T. 

 

It should noted that T-omega formulation is one of the formulations that we will be using but there 

are other formulations as well and most known of them is the A-phy formulations, where  

1. A is the magnetic vector potential and 

2. Phy is the electric scalar potential or reduced scalar potential 

 

2) Expected output 
 

Test Cases 

Creating a working software library using blocks and annotations to enhanced simulator predicts 

eddy current effects to model electrical performance with extreme accuracy by mid of May. 
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High level functions 

We create a mesh model that define material properties and apply boundary conditions. The 

minimum requirement is to have a mesh with tetrahedral elements. Choosing approximate functions 

and implementing them in the Matlab library. After that formulate linear equations, and solve 

equations. Then using the improved T- Omega method and analyze the magnetic fields by eddy 

current 

 

The Matlab library should be able the solve at least the eddy current problem in a single cylindrical 

conducting wire currying a current at some given frequency. The analysis will focus on the time 

harmonic method (one frequency only) but we will keep in mind the time stepping method and its 

possible implementation. We will also focus only on linear problems in the beginning. If time is left 

we will deal with nonlinear problems too. 

 

The expected user 

It can be used for academic purpose. Professors, researchers and students can use. Also for the 

industries to testing and implementing models.  

 

User experience related requirements 

The user should understand and have a deep knowledge in the operations of the software and the 

functions. 

 

The expected performance 

The basic outcome is applying a frequency to the implemented model and calculate the eddy 

current. Since two type of approaches can be used. Using a thick conductor plate with a hole placed 

unsymmetrically in a non-uniform magnetic field. It is a multiply-connected region problem. For 

this example, neither measured Ohmic loss nor analytical solution is available to compare. 

The second approach is which are linear eddy current problems and multiply-connected region 

problems since they have slots on the plates. In these models, the exciting source is composed of 

two identical coils with the electric currents flowing in opposite directions. These results show that 

the second order vector basis functions produce more accurate Ohmic loss than the first order vector 

basis functions. 

 

Demonstration in the end of the project 

Feeding some practical problems into and comparing with open source multiphysical simulation 

software Elmar. In case of large differences, the cause of these differences will be tracked and the 

methods or procedure to mitigate them will be discussed and proposed. 

 

3) Phases of project 
 

Learning and understanding topic of the project 

First, the project begins with a great deal of uncertainty and contemplation with the desired target 

and tools to be used. No time constraint is given, since even the best estimate would be entirely 

inaccurate. The same applies to latter milestones without deadlines. A coarse schedule estimate is 

presented later in the document. Learning process is continuous but it is very intensive in the first 

month if the project. 
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Learning physics behind the topic 

Eddy currents are a physical phenomenon. In order to create a solver, the underlying physics must 

be understood and mastered to a broad extent. The best effort is done by studying the material 

provided by professor Belahcen. 

 

Learning other needed knowledge (Matlab, etc.) 

Matlab is a matrix numerical analysis framework with a diversity of extensions and modules. The 

core number-crunching is carried out in Matlab code. Additionally, a 3D modeling program, such as 

Blender, must be used to create the 3D meshes. The group must gain expertise among these 

powerful tools. 

 

Making a project plan (DL 26.1.) 

The direction of the project is given by a well-defined project plan, which is completed before 26th 

January. Learning is the primary task of the first month of the project. 

 

Making presentation slides for business aspects seminar (DL 2.3.) 

The project includes the business aspects seminar. In this seminar, the feasibility of the project is 

evaluated in the financial sense. It is especially important to figure out the possible potential of the 

3D eddy current solver to make a breakthrough in the FEM simulation market. The market for 

consultancy based on open software and freeware libraries will be also investigated. By consultancy 

we mean that a consulting company can make designs or analysis for a manufacturing company. 

 

Writing business aspects document (DL 10.3.) 

The business aspects are nothing without rigor documentation and possibly calculations about the 

business feasibility. Since real resources can be assigned based on this document, its validity and 

thoroughness shall be highlighted. 

 

Planning and making Matlab code 

The most hours will be probably spent in programming. Despite its relatively low hour count, the 

planning is even more important. Without solid plans to construct the software, the end result will 

never function properly. The planning is primarily carried by Working Package Managers. 

 

Testing the code 

Software is nothing without validation of the results. The last quarter of the entire project lifetime is 

dominated by the testing. The software is made stable and the validity of the results is verified 

during this period. 

 

Writing the user instruction 

A side task along development is the documentation, both technical and user-level. The instructions 

are created to allow the end-user of the software to extract maximum benefit from the product. 

 

Making poster designs for Final gala (DL 9.5.) 
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In the last weeks of the project the Final gala takes place. It is a seminar where the results of the 

projects are displayed. Posters are used as a major presentation tool. If the program works properly, 

on computer screen demonstrations will be presented too. 

 

Writing final reports (DL 29.5.) 

The project formally ends when the final reports are returned. The entirety of the project is 

documented in the final report. Thus, its preparation is considered continuous. 

 

With deadlines one shall remember that every report should be accepted by the instructor before 

returning.  

 

4) Work breakdown structure (WBS) 
 

1. Project management 

a. Scheduling (3h) 

b. Budget analysis (2h) 

c. Risk assessment (continuous, 3h) 

d. Project plan (8h, 5 persons, 40 hours in total) 

 

2. Learning 

a. Physics: eddy currents (10h, 5 persons, 50 hours in total) 

b. Matlab (20h, 5 persons, 100 hours in total distributed along the 

project) 

 

3. Software construction 

a. Software design 

i. Geometry import (3h, 3 persons, 9 hours in total) 

ii. Tetrahedron engine (3h, 3 persons, 9 hours in total) 

iii. Geometry-matrix mapper (3h, 3 persons, 9 hours in total) 

iv. Equation solver (3h, 3 persons, 9 hours in total) 

v. Results collection (3h, 3 persons, 9 hours in total) 

 

b. Software implementation 

i. Geometry import (20h, 3 persons, 60 hours in total) 

ii. Tetrahedron engine (40h, 3 persons, 120 hours in total) 

iii. Geometry-matrix mapper  (80h, 5 persons, 400 hours in total) 

iv. Equation solver (5h, 2 person, 10 hours) 

v. Results collection (20h, 3 persons, 60 hours in total) 

 

c. Validation 

i. Testing (20h, 3 persons, 60 hours in total) 

ii. Documentation (10h, 3 persons, 30h in total) 

 

4. Side deliverables 

a. Documentation 

i. User instructions (10 hours, 1 person) 

ii. Technical instructions (10 hours, 1 person) 
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b. Final gala 

i. Presentation material (10 hours, 2 persons, 20 hours in total) 

ii. Gala participation (4 hours, 6 persons, 24 hours in total) 

 

c. Business aspects review (10 hours, 2 persons, 20 hours in total) 

5) Work packages and Tasks of the project and Schedule 

5.1) Work packages 
 

WP 1. Geometry implementation 

 Tasks 3a1 and 3b1 

 Blender and interface to Matlab 

 Working package manager: Henrik 

 

WP 2. Tetrahedron engine 

 Tasks 3a2 and 3b2 

 Divides the mesh to smaller tetrahedrons if the problem requires it 

 Working package manager: Henrik 

 

WP 3. Geometry-matrix mapper 

 Tasks 3a3, 3a4, 3b3 and 3b4 

 Making library functions for assembling the system matrix and right hand term as well as 

functions to solve the system of equations  

 Working package manager: Zia 

 

WP 4. Results collection 

 Tasks 3a5 and 3b5 

 Visualizes the results as specified 

 Working package manager: Heidi 

 

WP 5. Testing 

 Tasks 3c1 and 3c2 

 Quality assurance against Elmer FEM and documenting the findings 

 Working package manager: Mikko 

 

WP 6. Project management 

 Task 1 

 Project overseeing 

 Working package manager: Mikko 

 

WP 7. Learning 

 Task 2 

 Oversees the gathering of competence 

 Working package manager: Mikko 
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WP 8. Documentation 

 Task 4a 

 Creates required documents, including user-level and technical documents 

 Working package manager: Heidi 

 

WP 9. Final gala 

 Task 4b 

 Prepares the material for the final gala 

 Working package manager: Juha  

 

WP 10. Business aspects review 

 Task 4c 

 Fulfills the requirements of the business aspects review task 

 Working package manager: Juha 

 

5.2) Tasks 
 

Tasks are defined in Work Breakdown Structure (chapter 4) with estimated hour count. 

Total sum of planned hours is 1071h. 

 

Project reserves approximately 20% of the total working hours to be decided later. 

In total, there is 1320 hours of student workforce available. 

80% of 1320 hours is 1056h, which relatively well matches the approximated 1071h. Additionally, 

we have 249h (approx 19%) of slack time.  
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5.3) Detailed schedule 
 

The detailed schedule is represented in Table 1. 

 

Table 1 

Task Depends on Duration 

(days) 

Begin End 

1 Project plan 1f 11 15.1.17 26.1.17 

1a Risk assessment  1 15.1.17 15.1.17 

1b Budget analysis  1 15.1.17 15.1.17 

1c Preliminary report preparation  8 16.1.17 23.1.17 

1d Professor review 1a, 1b, 1c 2 24.1.17 25.1.17 

1e Repair as necessary 1d 1 26.1.17 26.1.17 

1f Plan hand-in 1e 0 26.1.17 26.1.17 

2 Geometry import  21 23.1.17 12.2.17 

3 Tetrahedron engine 2 21 13.2.17 5.3.17 

4 Geometry-matrix mapper 3 30 6.3.17 4.4.17 

5 Equation solver 4 3 5.4.17 7.4.17 

6 Result linker 5 14 8.4.17 21.4.17 

7 Result visualizer 6 9 22.4.17 30.4.17 

8 Validation 7, 12 5 1.5.17 5.5.17 

9 Final gala  21 19.4.17 9.5.17 

10 Final report 8, 9, 1, 11 135 15.1.17 29.5.17 

11 Business aspects revivew 11a, 11b 22 17.2.17 10.3.17 

11a Business aspects seminar 11b 14 17.2.17 2.3.17 

11b Business aspects document  16 23.2.17 10.3.17 

12 Documentation  116 15.1.17 10.5.17 

13 Learning  115 15.1.17 9.5.17 
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6) Work resources 

6.1) Personal availability during the project 
 

Table 2. Number of hours available for the project (excluding lectures and seminars) per week.  

 Mikko Juha Heidi Sandi Zia Henrik Total  

Week 1 5 5 5 5 10 5 35 Start 

Week 2 5 11 11 10 15 11 63  

Week 3 5 11 11 10 15 11 63  

Week 4 5 11 11 11 15 11 64 DL Project plan 

Week 5 5 11 11 10 10 11 58  

Week 6 12 11 12 10 10 11 66  

Week 7 12 11 12 10 10 11 66  

Week 8 12 11 12 11 10 11 67  

Week 9 12 11 11 11 15 11 71 DL Slides 

Week 10 12 11 8 11 15 11 68 DL Business document 

Week 11 12 11 12 15 10 11 71  

Week 12 12 11 11 10 10 11 65  

Week 13 12 11 8 10 5 11 57  

Week 14 12 11 11 11 5 11 61  

Week 15 12 11 11 15 10 11 70  

Week 16 12 11 8 10 15 11 67  

Week 17 12 11 12 5 5 11 56  

Week 18 12 11 11 10 5 11 60  

Week 19 17 11 11 10 10 11 70 DL poster 

Week 20 12 11 11 15 10 11 70 Gala 

Week 21 10 6 10 10 10 6 52 DL Final reports 

Total (220) (220) (220) (220) (220) (220) 1320  

 

6.2) Personal goals 
 

Heidi Nordström: 

In this course I want to improve my group working skills. I also like to learn more about Matlab, 

how to handle bigger structures. Simultaneously, I want to learn more about eddy current 

phenomenon. 

 

Muhammad Ziaur Rehman: 

My main aim in this project plan is to learn more about teamwork and management. I will focus on 

improving my skills in Matlab and learn detailed study of Numerical methods in electromechanics. 
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Henrik Hillner: 

My personal goal in this project is to familiarize myself more with actual software development and 

learn the quirks behind a successful project. I also want to be better at visualizing results. 

 

Mikko Laakkonen: 

This course will teach me a lot of project management. Managing a multicultural team of experts is 

both interesting and challenging - and I expect to gain valuable skills for the eventual career in the 

industry. Apart from that, the knowledge of FEM will rise from blank zero to a semi-competent 

level. 

 

Sarvavignoban Sandirasegaram: 

My personal goal is getting the experience and skills from international background 
teammates. Improving the knowledge in Matlab and Finite Element Methods. Also targeting 
the task with the scheduled timeline and completing with successful results. 

 

Juha Korpio:  

My main goal is to improve my MATLAB skills. In addition it is nice to be part of multicultural 

group. I am sure there is a lot to be gained from this experience.   

 

7) Cost plan and materials 
 

Juha Korpio will take care of handling the project budget. Budget for the project is displayed in the 

Table 3.  

 

Table 3: Budget for the project 

Expenses  

None 0 € 

Total expenses 0 € 

Income   

Project funding from university 0 € 

Total income 0 € 

Total (income - expenses) ±0 € 

 

8) Other resources 
 

We have no need for storage of physical objects since this is a software project. However we will 

have a Google Drive folder to store our intellectual property such as written MATLAB code, plan 

of action, meeting memos, etc. 
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MATLAB can be run in computers on university campus or in group members personal computers. 

Aalto University provides a free student license for the MATLAB program so there is no additional 

expenditure for our project. Students (project members) have 24/7 access to campus facilities where 

some of these computers are located.  

Elmer finite element software which is used as a comparison to our project is a open source 

software which can be installed to (practically) any Windows computer. Therefore project members 

have access to this software without significant limitations.  

 

9) Project management and responsibilities 
 

Project manager’s main responsibility is to oversee the entire project and resolve possible conflicts 

between different working packages. The project manager facilitates the group meetings and 

ensures smooth and continuous progress within the schedule. 

Working package leaders are assigned based on expertise on the field of the working package. 

Either the knowledge may be gained previously or intended to be learned in-depth during the 

course. The working package leader understands the theory of the package completely and oversees 

the development progress. Taking the size of the group into account, the working package leader 

will develop a significant portion of the working package he/she is responsible of. 

Advisor’s primary task is to provide the project with his/her expertise on a specific field. The group 

may contact the advisor to ask for sharing knowledge upon encountering an issue. 

Instructor’s main responsibility is to define the utmost requirements of the software. The instructor 

is practically the customer and end-used of the project and therefore is liable to inform the project 

group of all the features and properties the software must have. The instructor is as well expected to 

provide advice regarding the practical development if needed. 

 

10) Project Meetings 
 

The backbone of the meetings will be carried out by weekly follow-up meetings. The main outcome 

of the meetings is to update the status of different working packages and synchronize between 

developers. In addition, they are used to verify that the schedule is met. 

The agenda of a weekly meeting follows the following basic structure: 

1. Working package news: what has been done (Working package 

managers) 

2. Working package news: what will be done next (Working package 

managers) 

3. Working package news: with what do the package crew need help 

(Working package managers) 

4. Working package news: How is the need for need addressed (Project 

manager) 

5. Schedule review (Project manager) 

6. Time usage review (Project manager) 

7. Other issues 

 

The weekly meetings will be held by default at 10:00 on Wednesday. 

A memo will be collected upon every meeting. By default, Juha prepares the document and it will 

be saved into the Project Drive. 
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11) Communication plan 
 

The informal internal communication will be carried out via Whatsapp. The group shall be utilized 

as a platform that is easy and convenient to ask even the simplest and quickest questions. 

The instructor must be contacted formally using e-mail. It is preferable that the communication with 

the instructor is agreed in the group prior sending, but individual members may contact the 

instructor at their discretion. The goal is to avoid asking the instructor questions that the group can 

readily answer. A carbon copy (CC) must be distributed to all group members. 

The project manager is responsible for sending all of the deliverables to their right locations, e.g. 

into Mycourses portal submission folder. 

 

12) Risks 
 

The risks of this project are similar to the risks of a software development project, which are 

presented in Table 4. Furthermore, this project has additional risks due to its scholarly nature. 

All risks are explained in detail in the table below. 

 

Table 4: Risks of the project 

Risk Severity Probability Description and precautions taken 

Time schedule 

failure 

Low High Failure of meeting deadlines because of false 

estimations. This is avoided by communicating and 

having regular status check-ups. 

Unforeseen 

increase in 

project 

requirements 

Medium Low Increases in project requirements close to a deadline. 

We have considered the problems of our project and 

splitted it in several tasks that cover the assignment 

from beginning to the end. 

Loss of group 

members 

High Low One or more group member leaving the project. The 

impact of this is minimized by engaging multiple 

persons in every task. 

Missing or 

conflicting 

requirements 

Medium High One or more requirement is found missing or found to 

conflict with another requirement. This has been 

considered in the Work Breakdown Structure (WBS) 

but will probably happen because the team is still new 

to this kind of a problem. 

Lack of 

productivity 

Low High Work that could be completed early is postponed to 

later. This is regarded in the project schedule by having 

several deadlines throughout the project timeline. 

Loss of product High Low Work material is lost and has to be done again. This is 

counteracted by using platforms with online storage 

(google drive and git) that is also synced with each team 

member. 
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Adding of 

unneeded features 

or easter eggs 

Low Medium Work is put on making features that are not needed in 

the featured product. This is not a problem in itself but 

could potentially waste valuable time needed 

somewhere else. This is also counteracted by having 

several deadlines throughout the project timeline. 

Functionality vs 

performance 

Medium Medium Not achieving the required functionality due to 

excessive work on performance or vise versa. This is 

regarded by having the project leader supervise the 

progression of the project and steering the results 

according to the needs. 

Insufficient 

guidance 

Medium Medium The project does not get enough guidance to be able to 

complete the task. The instructor has allocated one hour 

weekly to counsel the project group and ensured the 

help of a doctoral student named Antti Lehikoinen as he 

has done work related to our project. 

Overworking of a 

group member 

Medium Medium A group member is designated too much work and is 

not able to complete the tasks given. Continuous project 

and time management ensured by successful 

communications avoid the situation where single group 

member becomes exhausted by a task approaching its 

deadline. 

 

13) Quality plan 
 

The quality of the project is inspected during regular meetings during each stage. Each team 

member is partly responsible for the quality even though the project leader has the final 

responsibility. 

The instructor is viewed as a mentor for the project that can supervise the project and alert the group 

if there is a risk of decreased quality. 

The quality is measured according to the points defined in Chapter 15. 

 

14) Changing this plan 
 

The initiative of changing this project plan should come from the group itself and approved by the 

professor. A reason for change has to be well justified and could be for example a group member 

leaving the project or some other change that is necessary for the project to continue. A suggested 

change is presented as a new project plan. 
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15) Measures for successful project  
 

Whether the project succeeds is evaluated by examining the outcome of its two main stages: the 

development stage and the final stage. Of these stages, the development stage is the longest one 

starting from the beginning of the project in January and ending when the final gala starts. The final 

stage consists of the remainder of the time, that is, the final gala, during which the project outcome 

is ultimately assessed. Furthermore, the development stage is weighted 70 % towards the final 

outcome while the final stage is weighted 30 %. This is done because the journey is at least as 

important as the destination when assessing the growth of the team as a group and also individual 

members. 

 

The development stage is divided into smaller categories that are evaluated separately: 

 Meeting deadlines: how deadlines have been met. 

 Member contribution: how evenly each team member has contributed to the project. 

Helping other team members is also included in this category. 

 Following the project plan. 

 Task completion: how each individual task during the project timeline has been completed 

according to the imposed requirements. This category is considered as several subcategories 

in consonance with the number of Work Packages (WPs). 

 

The final stage is evaluated by the following criteria: 

 Required features: how well the final product matches the planned product. 

 Testing: how well the pre-made tests match the actual solutions and how well the required 

features have been tested during and after development. The correctness of our numerical 

results are compared with results from a open-source software called Elmer. 

 Ease of use: how easy the product is to use. 

 Documentation: how well the product is documented in terms of usage and code. 

 Showcase: how the product is presented during the final gala. The software is based on 

Matlab so the demonstration is done on a computer with Matlab. 
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Appendix B: Business Aspects document 

10. Summary  
Eddylity Consulting Partners Ltd. focuses on providing agile eddy current analysis solutions for its 

customers. Customers are electrical engineering industry and academic institutes which want to buy 

complete solutions from us to their eddy current problems.  

Eddy currents are induced every time when a conducting material is in a time varying magnetic 

field. Eddy currents cause unnecessary heating of materials which often leads to shorter product 

lifespan. 

Our company’s core product is MATLAB software that can model a solid object in three 

dimensions and then analyze how eddy currents will induce in the object. Results are then 

visualized. Two dimensional eddy current solvers for MATLAB already exist. 

Main competitors for our consulting business are other existing software capable of analyzing 3D 

eddy currents and engineering offices which may include our services quite easily into their service 

portfolio. Software itself is not “a competitor” but our potential customers may substitute our 

services by gaining knowhow and using these other products but this is quite unlikely since this 

often requires addition in human resources. 

Eddylity Partners Consulting Ltd.’s competitive advantage is the personnel behind the product 

development. Because the company is developing the software and also using it the best 

understanding of the product is among the small amount employees. Therefore it is crucial for the 

company to keep its key workers in the company at least as long as the market has been entered 

successfully. 

1) Business idea 
The business consists of providing the customers with complete eddy current analysis solutions. 

Our imaginary company is called Eddylity Consulting Partners Ltd. 

1.1) Eddy Current Consulting 
The customer does not always even know what the underlying phenomenon causing issues in their 

electromagnetic application is. In case of eddy currents, we are there to help to customers from the 

problem identification to the complete resolution. 

It is our advantage that we are able to model arbitrary three-dimensional solids and simulate the 

eddy currents in them. Therefore we can quickly study the customer’s problem in simulation 

domain with reasonable accuracy. 

1.2) Customers 
The electrical engineering industry that works with high currents or high frequencies is affected by 

eddy currents. Therefore the equipment design and manufacturing companies, such as ABB and 

Danfoss, or electronic board design and manufacturing companies are potential customers. Eddy 

currents are found in transformers, frequency converters, power electronics, electrical substations 

and even power lines. 

Additionally, universities and other institutions performing scientific study may find externally 

subcontracted eddy currents analysis beneficial, especially when the eddy currents itself are not the 

core of the study and schedules are tight. However, if the eddy currents are in the core scope of the 

study, usually the research team completes the analysis themselves. 
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1.3) Revenue logic 
Eddy current consulting is charged per project and case-by-case. Cases and customers are different 

from each other. With large industrial customers it might be beneficial for both parties to make 

contracts for longer periods of time and for multiple projects. 

1.4) Competitive Advantage 
We are a small company that definitely knows its capabilities and acts quickly. We don’t waste 

customer’s time with elaborate start-of-service-processes, but are there to help within hours of the 

first contact. Our company offers end-to-end services since we are able to provide 3D modelling, 

3D analysis and the improved results from our subcontractors if the customer does not have their 

own subcontractors yet. This is often probable with startup companies. 

2) Product/service 
Our company develops eddy current analysis software running on MATLAB. The software can 

model an arbitrary 3D solid, define the magnetic field and using harmonic analysis (single 

frequency at a time) and T-omega principles model the eddy currents in the solid. The results are 

both visualized and available in vector form. 

Our company does not sell the software itself. Instead, we provide the customer with complete eddy 

current analysis solutions. We join the customer in as early phase as possible and are present when 

figuring the problem. Then, we will use our own simulation software to find the eddy currents and 

visualize the results. Care is paid to craft the simulation results to answer exactly the customer’s 

problem. We will also work together with customer’s subcontractors or provide our own 

subcontractors for their use to make the improvements to the product based on our analysis. 

3) Market situation and competitors analysis 

3.1) Market situation 
Our potential customers are divided into three categories 1) large industrial customers, 2) startups 

and 3) academic research. These customers have different kind of needs and therefore we need to 

provide them  

Large industrial customers for our eddy current consulting business are e.g. companies 

manufacturing power electronics or equipment for power systems. In every product dealing with or 

being near large time varying electrical currents the induced eddy currents should be taken into 

account. 

Our potential large industrial customers like ABB have multiple research and development 

processes going on at the same time. Alone in their electrical drives business division located in 

Helsinki are multiple potential product lines that may need our solutions. Other similar companies 

are e.g. Danfoss and Siemens. These customers have large R&D divisions that often are not that 

flexible. Parallel projects may not know much about other projects. Often these projects acquire 

outside consulting for certain parts of the project. This is the place where majority of our company’s 

assumed financial potential is. 

Other potential customers are startups and academic research. Startup companies are often forced to 

buy some parts of the research from outside the company. Our company will provide quick and 

easy modelling and analysis for their products. Academic research is not financially a large 

customer but working with academic research projects gives us valuable challenges to test and 

improve our software. 

We are assuming that the market size is couple tens of thousands per year in the region. Calculation 

is based on the assumption that we could attract at least 5 to 10 companies from the Helsinki region 
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to be our customer. Pricing would start from 1 000 euros upwards per customer projects. Pricing 

would be adjusted along the way when better understanding of the market is gained. 

3.2) Competitor analysis 
In this section there are presented two similar software options to our MATLAB software. These 

softwares themselve are not competitors to our consulting business but they can be used by our 

potential customers. Also the possibility of some engineering offices entering the market is shortly 

analysed. 

10.1.1. CSC - ELMER 

IT Center for Science (CSC) Elmer software is open source multiphysical simulation software. It is 

free to install. Elmer itself is not a competitor since it is just a programme but competitors may use 

this software to penetrate the same market where our software consulting business is. Elmer 

software has roughly the same capabilities that our software has. Elmer’s problem is that it requires 

workforce that have understanding how to use the software effectively. 

Source: Elmer website, https://www.csc.fi/web/elmer, checked 8.3.2017. 

10.1.2. Faraday - integrated engineering software 

The following marketing text introduces Integrated Softwares Faraday software: “Reducing design 

costs and development times is an ever-increasing challenge. FARADAY, a 3D time-harmonic 

eddy current field solver from INTEGRATED Engineering Software gives you the advantage you 

need to meet this challenge head on. Using our innovative Boundary Element Method (BEM) and 

Finite Element Method (FEM) technologies, FARADAY is the only clear choice for applications 

requiring large open region analysis, exact modeling of boundaries and problems where dealing 

with small skin depths is critical.”  

Faraday provides same capabilities as our software does. The same problem with Elmer also applies 

to Faraday: the software needs to be learned first and someone has to be able to adapt it to different 

kind of situations. Faraday’s software is not free. 

Source: Integrated software’s Faraday website, https://www.integratedsoft.com/product/faraday/, 

checked 8.3.2017. 

10.1.3. Gmsh 

“Gmsh is a free 3D finite element grid generator with a build-in CAD engine and post-processor. Its 

design goal is to provide a fast, light and user-friendly meshing tool with parametric input and 

advanced visualization capabilities. Gmsh is built around four modules: geometry, mesh, solver and 

post-processing. The specification of any input to these modules is done either interactively using 

the graphical user interface or in ASCII text files using Gmsh's own scripting language.” 

Gmsh description is very similar to our product like the functionalities are. It is very similar to 

Elmer and the same comparison with Elmer and our software applies to the comparison between 

Gmsh and and our software. 

Source: Gmsh website, http://gmsh.info/, checked 9.3.2017. 

10.1.4. Engineering offices e.g. Etteplan, Ramboll, Kuava or FS 
Dynamics 

Some of the big engineering offices working in Finland like Etteplan or Ramboll might have 

incentives to include eddy current consulting into their service portfolio. These offices have 

resources to enter the market if they see it profitable. 

https://www.csc.fi/web/elmer
https://www.integratedsoft.com/product/faraday/
http://gmsh.info/
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Also there are some engineering offices that can widen their service portfolio to eddy current 

analysis quite easily. For example FS Dynamics is already provides Finite Element Method based 

analysis of different kind of structures and Kuava is selling software development for MATLAB. 

Sources: FS Dynamics’ website, http://fsdynamics.se/fem/, checked 9.3.2017 and Kuava website, 

http://www.kuava.fi/services/tailored-software-engineering/, checked 9.3.2017 

3.3) Market analysis: Porter’s five forces 
Porter’s five forces analysis is a tool to analyze the level of competition in the industry. Five forces 

are threat of new entry, threat of substitutes, bargaining power of customers, bargaining power of 

suppliers and competitive rivalry among industry. 

 

 

10.1.5. Threat of New Entry 

There is already couple of software packages available to do the approximately same thing as our 

software is capable of doing. Therefore the threat for a new entry is quite low. Some of the existing 

software is free and the capital requirement to enter the market is not big. Anyway gaining the 

knowledge and human resources to use these products are not as simple. 

10.1.6. Competitive Rivalry 

In our research we did not find competing companies. Those firms that are doing eddy current 

research are also the ones to manufacture their own products. Rivalry is therefore between the 

easiness to purchase a competing product and then using it and the easiness to buy the end-to-end 

solution from us.  

10.1.7. Supplier Power 

Supplier power in the market is quite low since there are similar software existing in the market and 

customers might have the ability to start using these softwares on their own.  

10.1.8. Threat of Substitution 

Substitute for our services could be some new materials that would decrease the bad effects of eddy 

currents in different applications. E.g. if a new metal-like material which does not heat up from 

eddy currents would become popular in the industry, our market potential would be affected. 
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10.1.9. Buyer Power 

Large industrial customers like ABB certainly have the financial resources to establish their own 

eddy current research groups. Small startup companies generally do not have resources to do all of 

the research by themselves. Buyer power is quite large in case of larger customers but not with 

smaller companies like startups. 

3.4) Competitive factors 
Our company’s most important competitive factors are our strong specialization in eddy currents 

and agility being a small but capable partner which is using own software to solve problems. We are 

able to provide the complete solution to our customer which is one of our biggest assets.  

4) Intellectual property 
According to the lecture given by a senior specialist from the Finnish Patent and Registration 

Office, software itself is not patentable. Especially since we do not introduce a new algorithm or 

invention, we must rely on protecting the software as a trade secret. On the other hand, it is easily 

protected, since only company staff has access to the software. 

The freedom to operate is guaranteed by the fact that as long as we have a MATLAB license, we 

are free to create and run our own software on that particular platform. In long term development 

we have to take into account that MATLAB software might turnout to be too expensive for our 

company after the student licence is not available anymore. MATLAB’s licence fee for companies 

is significant. The scientific basis the software is based on fundamental books published for 

academic study and research. Using them for commercial applications is permitted. Therefore, T-

omega method of Finite Elements Method is not patented and is freely usable principles for our 

software. 

5) Product development and technology 
At the time of this business aspects document the product development project has just passed the 

halfway point. Therefore there are many aspects still quite uncertain and the many assumptions 

about the final outcome had to be made to finish this document for example. 

One big asset of ours is the fact that we are developing our own software. We always have the best 

knowledge what the software is capable of doing and what it is not. 

To be ready to enter the market our company will need to finish the software. Most important parts 

are finishing the geometry-matrix-mapper, equation solver, result visualization and the validation of 

the final product. Also our company has to decide the organization structure before actually 

establishing the company and sending all of the required information to the Finnish Patent and 

Registration Office. The final pricing model needs to be completed before we can take our first 

customer. 

6) Conformance 
We need to proof ourselves that the results are precise. This can be done by comparing the solution 

of a particular problem with the solution provided by other software, such as Elmer. Otherwise 

setting up a consulting scheme is not regulated on technical field. 

Our software itself does not have to meet any certain requirements from outside authorities but the 

products that are involved have their own individual requirements. These regulations and directives 

are of course really important to understand in every product development process. Close working 

with the customer is essential to understand the product specific regulation in each project. 

Acquiring the necessary regulation is consuming time and resources if not done effectively. 

Therefore the business area specific knowhow of our client needs to be utilized. 
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7) SWOT-analysis 

 

10.1.10. Critical success factors 

Critical success factors for our company to enter the market are 1) finishing the unfinished software, 

2) finding the right pricing model and 3) attracting first customers. 

10.1.11. Risk factors 

Biggest risk with unsustainable consequences is if the product is not finished within reasonable 

time. Delayed finishing of the software may lead to a point where our key personnel are no longer 

available to work for the company which may lead to a halt in the product development. If at some 

point MATLAB software turns out to be too expensive for our company, we need to be flexible to 

move to other available software, e.g. Octavia which is free but has approximately the same 

capabilities as MATLAB. 

10.1.12. Avoiding risk in the product development 

10.1.13. To avoid previously stated risks we are putting focus on the development of the 

software by assigning the whole team to work on it from here on. 

8) Marketing plan 
[Comment: Product/service marketing was not mentioned in the business aspects template]  

One of the company employees is going to take responsibility of the marketing. In the beginning 

marketing is going to focus on getting the first customer. This first customer then can be used as a 

reference project in the future marketing. Marketing director’s main task is to plan and contact 

potential customers through their R&D directors. For the use of the marketing director a contact list 

of industry’s R&D directors and Customer Relationship Management software will be bought.  

Strengths 

Agile company structure 

Ability to do the 3D modelling 

of the customer product 

Talented experts of the software 

since we are in charge of 

development and usage of the 

software 

Weaknesses 

Market uncertain 

Little understanding of the 

business 

Getting visibility among large 

companies with larger marketing 

budgets may be hard 

Opportunities 

Business is easily scalable to 

outside of Finland 

Public concern on 

electromagnetic fields may increase 

the demand for our services 

Electrical devices are using 

higher frequencies for higher power 

density which leads to higher eddy 

currents -> potential market is 

growing  

Threats  

We may not have enough 

knowledge how to work in the 

market 

Threat of new entry or 

substitutes is large 

Company depends largely by its 

current personnel and if some leave, 

it might cause extensive problems 
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11. Supplement: Distribution of work and learning 
outcomes  
Project manager Mikko Laakkonen and group member Juha Korpio had the main responsibility to 

develop the business aspects. Especially difficult was to find the market space for our business and 

to develop the artificial business model around our software. Partly because of this the market 

analysis and finding competitors were also challenging. 
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Appendix C: Flow Chart 
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Appendix D: User manual 

3D Eddy Current Solver in Matlab: 

User manual  

 
 
This user manual is a short introduction to the 3D Eddy current solver in Matlab software which can 
be used to simulate eddy currents in 3D solids. This manual assumes that the user has basic 
knowledge of the three required pre-installed softwares: Blender, Matlab and ParaView. If you 
need help with using these applications look for their own support listed in the next chapter 
“Required pre-installations”. 

Required pre-installations 
“Blender (https://www.blender.org/) is the free and open source 3D creation suite. It supports the 
entirety of the 3D pipeline—modeling, rigging, animation, simulation, rendering, compositing and 
motion tracking, even video editing and game creation.” 
Online support: https://www.blender.org/support/  
  
“MATLAB (https://se.mathworks.com/products/matlab.html) is in automobile active safety systems, 
interplanetary spacecraft, health monitoring devices, smart power grids, and LTE cellular networks. 
It is used for machine learning, signal processing, image processing, computer vision, 
communications, computational finance, control design, robotics, and much more.” 
Online support: https://mathworks.com/support/  
  
“ParaView (http://www.paraview.org/) is an open-source, multi-platform data analysis and 
visualization application. ParaView users can quickly build visualizations to analyze their data 
using qualitative and quantitative techniques. The data exploration can be done interactively in 3D 
or programmatically using ParaView’s batch processing capabilities.” 
Online guide: http://www.paraview.org/paraview-guide/  

Workflow 

1) Blender 

In Blender create the solid being analysed with the software. Export the file in “.obj” file format 
(file>export>wavefront .obj). Name it e.g. “solid.obj”. Choose logical target folder for the file so that 
you find it easily later. 
  
Next export in the same way another “.obj” file that contains the “Dirichlet nodes”. Export the file 
into the same folder as before and name it e.g. “dirichlet.obj” 

2) Matlab 

Open Matlab and go to the eddy-current-solver root folder. Before running the software you should 
be sure to add your project folder to your Matlab-path. This is done easily by right clicking the 
correct folder in the file browser window and selecting “add to path”. 
  

https://www.blender.org/
https://www.blender.org/support/
https://se.mathworks.com/products/matlab.html
https://mathworks.com/support/
http://www.paraview.org/
http://www.paraview.org/paraview-guide/
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run simulate (runs simulate.m -file) 
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Once the simulation has started correctly first dialog box appears. In there find the previously 
created “solid.obj” file, select it and press “Open”. 

 

 
  
Next the simulation asks for the Dirichlet nodes file. Again find the “dirichlet.obj”, select it and press 
“Open”. 
  

 
  
Choose the desired mesh subdivision from the next dialog box. 
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Next two figures (illustrated below) are opened. The density of the meshes displayed in the figures 
are depending on the previously chosen value of the mesh subdivision.  
  
Once the simulation has finished successfully the software asks for a desired output file name and 
location.Default output file is called “output.csv” and default target folder is current working 
directory. Once the file is outputted, open ParaView to visualise the results.  
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3) ParaView 

  
In ParaView start by importing the previously created file “output.csv”. Create the desired 
visualisation and you are done. 
  
Select the “Threshold”  in common bar to view the specific part of the object. 
  
In the properties menu change the scalers to GeometryIds and enter the minimum and maximum 
values according to the number system of the object and press apply. 

 
  
Click the specific Threshold in the pipeline browser and click the “ Slice” in common bar. Change 
the plane parameter settings and press apply.  
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Change the field to “ current density ” in Active Variable Controller bar. 

 
  

 


