
EJ2222 Design of Electrical Ma-
chines 7.5 credits
Konstruktion av elektriska maskiner

This is a translation of the Swedish, legally binding, course syllabus.

Establishment
Course syllabus for EJ2222 valid from Autumn 2015

Grading scale
P, F

Education cycle
Second cycle

Main field of study
Electrical Engineering

Specific prerequisites
Knowledge in electromagnetic field theory corresponding to EI1200. An introduction to 
electric machinery corresponding to EJ2201 is recommended but is not a formal require-
ment. 120 hp and English B or equivalent.

Language of instruction
The language of instruction is specified in the course offering information in the course 
catalogue.
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Intended learning outcomes
The overall goal of the course is that the participant, after a completed course, should have 
a deep understanding of how Maxwell’s equations and fundamental principles within heat 
transfer can be applied to analyze and design electric machines.

After the course, the participants should be able to:

·        Apply the theory of MMF-waves to estimate air-gap flux densities, magnetic flux, 
inductances, and to derive the steady-state equivalent circuit of the induction machine (IM)

·        Apply the theory of MMF-waves to analyze and understand limits of permanent-magnet 
synchronous machines (PMSMs)

·        Implement a finite-element (FEM) based solver in a Matlab environment to solve static 
and quasi static, two-dimensional magnetic problems

·        Use FEM-based computations to estimate different performance parameters of IMs and 
PMSMs

·        Estimate stator and rotor resistances, magnetizing inductances and leakage-inductance 
components for IMs and corresponding parameters for PMSMs using analytical and numer-
ical methods

·        Carry out a preliminary electromagnetic sizing of an IM given a defined torque request 
and thermal limitations

·        Carry out FEM-based computations on PMSMs to extract data to implement transient 
PMSM models including magnetic saturation, magnetic cross saturation and the impact of 
harmonics

·        Carry out FEM-based computations to estimate the resulting temperature distribution 
in an electric machine of IM or PMSM type

Course contents
The course covers the following topics:

·        The theory related to MMF waves (including harmonics) and how this theory is applied 
to electric machinery

·        The steady-state equivalent circuit of the induction machine derived using the MMF 
theory

·        Analytical models to estimate corresponding circuit parameters for IMs and PMSMs

·        Magnetic and thermal sizing of IMs

·        The finite element method and how it can be applied to solve static and quasi static 
two-dimensional magnetic problems

·        Transient models of PMSMs
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·        Thermal modeling of electric machinery using the finite-element method

Disposition
The main contents of the course are comprised in the course literature  and are presented 
through a series of lectures. Parallel with these lectures, a number of computer-based project 
assignments should be solved and handed in in the form of smaller technical reports.

Course literature
O. Wallmark, AC Machine Analysis – Fundamental Theory, KTH Royal Institute of Technol-
ogy, Stockholm, Sweden.

Examination
 • PRO2 - Project Work, 1.5 credits, grading scale: P, F
 • PRO1 - Project Work, 2.5 credits, grading scale: P, F
 • PRO4 - Project Work, 2.0 credits, grading scale: P, F
 • PRO3 - Project Work, 1.5 credits, grading scale: P, F
 • PRO5 - Project Work, 1.5 credits, grading scale: P, F
Based on recommendation from KTH’s coordinator for disabilities, the examiner will decide 
how to adapt an examination for students with documented disability.

The examiner may apply another examination format when re-examining individual stu-
dents.

If the course is discontinued, students may request to be examined during the following two 
academic years.

Four out of five project works shall be completed where PRO1, PRO2, an PRO4 are manda-
tory.

PRO1: Analysis of an industrial induction machine using FEM (2.5 hp, mandatory)

PRO2: Electromagnetic sizing of an industrial induction machine (1.5 hp, mandatory)

PRO3: Transient modeling of permanent-magnet synchronous machinery (1,5hp)

PRO4: Thermal modeling of permanent-magnet synchronous machines using the finite-el-
ement method (2 hp, mandatory)

PRO5: Implementation of a finite-element based solver in Matlab (1,5 hp)

Other requirements for final grade

Course syllabus for EJ2222 valid from Autumn 15, edition 1 Page 3 of 4



Four handed in project reports that are judged passed.

Ethical approach
 • All members of a group are responsible for the group's work.
 • In any assessment, every student shall honestly disclose any help received and sources 

used.
 • In an oral assessment, every student shall be able to present and answer questions about 

the entire assignment and solution.
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