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Teaching numerical techniques
in electrical power engineering

Kay Hameyer and Ronnie Belmans

Abstract —The skills that should be tought to the engineering students are
very complex and manifold. Learningis one of the hardest tasks to fulfiland
thus, the university institutes have the duty to wake up enthusiasm in the
student by choosing the right tools for teaching and knowledge transfer. The
difficulty always is to choose an appropriate form to teach sophisticated and
' o inherent very abstract subjects such as numerical techniques. Applied to
Prof Dr-Ing Prof. Dr.-Ing. power engineering problems a complex mathematical background and adeep
Ry Hameyer fonme Betmans s hysical understanding is recommended to be able Lo follow the courses and
to collect the knowledge and experience for a successful later professional engineering
carrier. In this paper the authors like to show their way of teaching the theory and application
of numerical field computation methods in the power engineering division of the Katholicke
Universiteit Leuven.
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ini.roduci.“-:ﬁ technological progress in information techmguesseemsto be
larger when compared to the power enginecning seetor. s
Basically. two streams in electrical engineering education  implics and may give students the dlusion that i the nlor-
can be followed: power and information technology. The  mation techn

que more advanced and newer techmygues are

- used (o solve the specific problems in this engineering diree-

tion. [tattracts undergraduates and explans the difference
the total number of studenis per acadermie vear mmostof the
universitics choosing for thisengineering ficld and not for the
power engineering education However at the Katholicke
Universitert over the last vears a constantnumber of students

pervearinthe powerengineering divisionean he counted By

assuming a decreasing totaf number of electiieal engmecring

students this means an ircercasing overall gradient for the
power engineering divisicn. The authors think that a mam
reason for thisinereasing gradient can be found by mtroducing
new and modern methods and techniques to solve problems
in classical subjects like clectrical machines_high voltage and
clectro-heat to the students. Recent education tools such as

multimedia computers and programs are used to support the

. . Crr ividual learning capabilitics of the students ¢ are dis-
Fie. 1. Curmenlum of the electiical power engineering students ai the K17 Lewven individual learning capabilitics of the students nd are di

cussed in the paper as well

Close contacts between the university stitute and mdus-
try are necessary to support the fecling ol the students to
work in a technical field ol'soctal importance. Partlime stavs
of students inindustuial conpanies during lectine free periods

are cssential toenable the chance to see practical engmecnine

problems and to judge with this practical knowledge how the
university prepares the voung engineer for the Tutuwre The
classical subjeets all power engineering studentsat the Katho-
licke Umversiteit Leuven have to follow are (kg 1)

s power svslems,

« cleetro heat and

« clectrical machinesand drives

The listed subjeets are netseparated from cach other Thes

havetobe seenasaunit with the linking subjectssuchas CAD

Fig 2 Teaching activities ESAT - ELEN. fechniques and the control theory: With this hink an mterdis-



ciplinary teaching s obtamed. A strong hok to the mechanical
engmeeting department of the KA Leuven ensures that all
itenis concering the lerm energy are Lreated as complete as
possible

Furthermore. courses developed and given for engineers
from mdusliy can be tound m the teacht
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magnehie 1]\,|ds given for engineers out ol indusiry. 1s one
attempt and cltort to train engineers i a complex ttem such
as numencat ficld computation theorctically and in practical
laboratory sessions

Starting with the 3" academic year the students from
ciectrical energy at the K U T.euven are foliowing theoret-
weal feetures and laboratory sessions supporting basic knowl-
cdge of numerical technigues. In particular, the finite cle-
mentmethod (IE M)xsmlmdu sed. The numerical sesstons
take place in tront of workstations. The st
g with commercial FIsM program packages and the nu-
mencal parts arcalways tollowed by a practical laboratory
session Here. the students have to measure the betforchand
compuited resulls such as currents. induced voltage and
mductances of very simple magnctic cireuits In the follow-
ing Hth academie year more
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wmplu\ tasks are demanded
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mduction machines. For a better nssde of the ])ll\\ludl
behavior and to make the ficld solutions of induction ma-
chines understandabic a muitimedia sottware program is
tur the students avatlable and distiibuted via the Internet.
The methodology of the step by step approach of compu-
tel Al\\I\{L,LI tcaching, performed at the K. U Leuven, to

putation techniques are dlscusud here

The well hnownabbreviation CAL (wmpuls.r aided engi-
necnng s regutarly used to desciibe cnginecring techiigues
atded by digrtal computers Thus, activities ol industrial or
umversity engineers o solve destgn problems or caleulate
and predictthe behavior ol physicaltcchnical products such
as clecttomechanical energy converters are part of this det-
iition. Due 1o constantly decreasing prices of standard
computers hardware and software, powerful PC’s now can
be Tound in ncarly every student-houschold: The possibil-
iies Lo aceess casily information at anytime trom nearly
cvery place in the world via the Internetare mereasing as well
As a reaction and to easure the cqual opportunities the
Katholicke Umnyerstiert Leuven is renting students hard and
soltware by a subsidized tee. As a consequence. the univer-
sity teachmg stafl has to ofler possibilitics to mclude com-
puter-atd mto the lectures and laboratory sessions. There-
tore. the new abbreviation CA'T can now be used for Com-
puter Assisted Teachmg,

A Step by Step Approach

The authors do understand the here discussed methodol-
ogy in teaching as a step by step approach. The complex
knowledge of numerical techniques can be trunsterred on
Jiiterentlevels ofditticultics. A splitting between highlevel,
the knowledge on matrix leve! intermediate and baste skills,
understanding of the tunction of the method. must be per-
tormed toreachand succeed inteachmg dilferenttargetgroups.
Students of the dilferent ficlds of engineerning scienee and
aheady momdustry working engineers are the target groups
that have o be reached
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Fig. 30 Turget groups and related level of teaching difficulty.

level target group

aim

[ a) undergraduates 3' year .

b) engineers out of industry

undergraduaies 4 year

g

d) (partly) engincers
out of industry

I ¢) Ph.D. students .

ty programmer

basic theoretical knowledge of yu-
nieric al ficld u)mpumnon methods

clectromagnetic static and time-
harmonic ficld problems in 2D
advanced theorctical knowledge

of numerical ticld computation
already on matiix level

numerical optimization algorithins
design theories and methodologies
capability to solve more complex
ficld sirulation tasks in 2D and
stmple problems i 31

extended theoretical knowledge
on matr.x and program level
knowledpe of data structurcs
capability of handling data to
obtain own solution algoniiuns
programining own sofiware routines
capability to sotve advanced 3D
problems

Tab. I -hms and steps in teaching computationul magnetics

In general, universities have a threefold duty:

« transter of knowledge to the society

« placing scientific service at the society’s disposal

« rescarch

Allthe mentioned points are linked to teaching. The trans-

fer of knowledge is mamly done by instructing students from
undergraduate to the doctoratelevel. The training of engineers
trom industry by giving annual short courses can be lir ked to

the [irst two points of the list. Rescarch finally influences the

content of the teaching material and contributes to the tirst
pomtas well. To tulfill the threefold duty, 1ts necessary to
sphit into three levels of ditficulty and this 1s didactically
straight forward as well (kig. 3)

Theaimsofthe three level structure used at the K. U Leuven,
with other words the three steps in teaching students n
magnetics, are collected in Table L A short course in “CAD
in magnetics” is given annually to interested engineers from
industry and other universities

Level |
[0 a tirst step to enter the level § the target group has to be
prepared. Heie, it is explained where the numerical fickd
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method principle of geometry non- computational
discretization approximation linearities costs
o VoA . .
FEN PRV extremely possible high
N flexible
. torot o . . . .
FIyM f % sn T inflexible possible high
Pob
[ VA
BEM \ extremely trouble- high
“ / s PRI o
J THHEXIDIC some
e - d
MEC specific possible very low
geometries
PMM simple by constant  low
geometries factors
m, «
2 qQ*
Tab. 2: Ideld computation methods. FEM - finite element method

FDM - fimte difference method, BEM - houndary element method,

AMEC -

ISV

magnettc eqavalent circuit, PAMM - poini maiching method

computation has its place. Therefore. advantages and disad-
vant lages of elassical analytical models of the field approxi-

n clasthe \munnplll’CﬁlulllUlC al
methods(TablelIl). This qicpls accompanied by studying the
working principles of electromechanical energy converters to
transfer a feeling to the students of how a field behaves and
with which range of magnitude. Among the lectures about
electrical machines the students can work ata computer with
a multimedia tool to understand the working principles 01 an

induction machine before 1hm start to solve its asse

tield problems. The multimedia software tool is dcvclnpcd bv

the group at the K.1J.Leuven and distributed via the Internet

and can ha dauaia od B tlhhn ot at ans
and can be downloaded Uy uic students at any

secondary effect is o
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btained bv dlstnhutmg the software in
this way and letting the undergraduates work with it. Iiven
nowadays, there are students not used to work at a computer
and they are loosing the fear of this device that always seems
to be right.

To support the understanding of the physical bchavior of

the technical devices treated in the lecture and the methods
to calculate them. practical CAD sessions at the compuler
are obliged. Here, simple 21> computations are performed
using the FEM. Examples are chosen to point out the con-
nection between analytical, numerical and measurementsin
particular

Level I
After the entry level a basic understanding of the physical
device and its numerical treatment can be insinuated. Now the

numerical problems and all neglections assumed are part of

thelecture. More and more numerical detailsarc illuminated.
Simple 3D computations are performed in the CAD sessions
to demonstrate the differences to the 21> approximation.
Other methods combined with the FEEM such as optimization
algorithms are introduced in this level as well.

Level 11

The last step of this 4 vear lasting program is reserved for
the doctorate level. The theory of the method is given on the
matrix and program organization level. Here. special prob-
lems such as error estimation. mesh adaptation techniques,

solver strategies cle. arce treated. The capabilitics in coding
own parts w ficld computation programs aie trained

Conclusions

A CAT program s desenibed which, alwavs carefully

updated. successfully runs for a umplc of vears already

as Great lmt.\ln Canada. Germany. Algeria and Brazil the
authors collected experiencesin teaching such complex sub-
Jeetstoputtogether inan homogene curricuium for electrical

power engineerig students art the

[.cuvenin Belgium
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