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thstract - - Starting with the 3" academic year the students I.cuven,
taking electrical encrgy as their major subject at ihe Ihe well known  abbreviation CAT {compuier  aided
CF1 \ Y - T 1 ~ofice ~ O ¢ P e -\ . . . . .
K.lL.Leuven are following theoretical lectures and laboratory cngineering) s regularly nsed to describe  engineering
sessions supporti basic knowledge on the finite elemen : S P
1S supp orting. the basic knowledge « cle ! techniques aided by digital computers. Thus, activities of
method (FEM). The numerical sessions take place in front ot . . . . L . o
A . . industrial or university engineers to solve design problems or
workstations. The students are working with commercial FI'M - i i techmeal
physical techmea

program packages .m(l the numerical scssions are always
the

followed by a practical laboratory measurements. Here,
students have to measure the beforehand compiited ves
as currents, induced voltage and inductances of simple magnetic
circuits. In the following 4™ academic year more complex tasks
are demanded such as computations of dc machines o
induction machines. For a better insight into the physical
hehavior and to make the field solutions of induction machines
understandable, a multimedia software program is availabie to
The methodology of the

ac

distributed via the Internet.

:\pprmch of cnmputcr ﬂccistc(l 1(-'.1cl|ing, pcrfnrmml

the students

step by step

Index  terms engincering  education, clectromagnetic
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INTRODUCTION

B 1.
o e

be  teached Clgineciing
and manifold. Leaming is one of

the university institutes

that should
students are” very complex
the hardest tasks to fulfill

have the duty to wake up enthusiasm in the student by

ihe skilis

and thus.
choosing the right tools for teaching and knowledge transfer.
The difficulty always
teach sophisticated and inherent very
mumerical  techniques.  Applied

prohlems a complex mathematical backgronnd and a deep
physical understanding is recommended to be able to follow
the courses and to collect the knowledge and experience for a
. In this paper

is 1o choose an appropriate form to
abstract subjects such as
cngineering

to power

successful later professional engineering carvicr
the authors like to show their way of teaching the theory and
application of numerical ficld computation methods in the
power engineering division of the Katholicke Universitent
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Due constantly  decreasing prices of
hardwar> and software, powerful PCs

nearly every student-houschold. The

Crey oo

of this definition. to
standard computer
now can be found
possibifitics of casy access
catly every place in the wol 1d via the Internet are increasing

as well. As a reaction and to ensure the equal opportunities
Iniversiteit Leuven is renting students hard

mformation at anyti

1"
i

the Katholicke 1

by a subsidized fee. As a the

. includes (;«_m\,pl_l_f(-pnid tools into the
aboratory the
I can now be used for Computer Assisted

and software consequence,

t \
tectures  and sesstons. Therefore, new

|
abbreviation CA
Teaching,

. FEECTRICAT PNGINEFRING AF T KUULT RoveN

S‘t;u'tinﬂ from the basic idea that electromechanica!
engincering students should be educated to address the wids

]
vare l\' of pmlwlcms related (5 the production, distribution and

use of clectrical energy 1 allb aspects. a curriculim s setu

with a hroad spectram, ir order fo avond a too nares
specialization. A specialization into the field ol elect
magnetics and their assocated problems and methods »

carclully done over a period of two vears This curricubr
has to be fitted into boundary conditions as set by legiclanen
and the university. The total study time (incloding a mast
thesis during the Tast year) is S years. Per vear, the staden
The first twe

common fo &

have (o pass a masimum ol ten examinations,
so-called  candidatures.
engincering students. The Tast three technical vears lead to e
title of electromechanical engincer and his specialization,

two streams in clectrical engineering educaties

years. the are

Basically,
can be followed:

o powerand
» information technojooy

1he in - information  tech

seems o be Targer when compared to the power enginsers;

technological  progress
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sector. This implies and may give sindents the ilusion that in

e information  technique  more  advanced  and  newer

techniques are used to solve the specific prohlems in this
eneincering divection. It attracts undergraduates and explains
the difference in the total number of students per academic
vear i most of the universities choosing for this enginecring
feld and not for the power engineering education. However,
t the Katholicke Universiteit over the last vears a constant
munber of students per year in the power engineering division
can be counted.
clectrical engincering students this means a cons

v
<

R T RPN
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overall  aradient for  the division

FSAT FLEN,

posiive

power  engineering

The authors think that a maim reason for this

gradient can be found by mtroducing new and

modern methods  and  techniques to solve  problems i
cassical subjeets like clectrical machines, high vollage and
cectroheat to the students. At the K.UT.cuven recent

alucation tools such as multimedia computers and programs
1] ave used to support the individual learning capabilitics of
the siudents.

Close contacts between the university institute and industry
are necessary to support the feeling of the students to work in
atechnical field ()I‘ social impm‘mnce l‘ml—time

qhv‘ nf

dudents in mdustri

are easentic cnable the chance to see p:mfhm! engineering
problems and to judge with this practical knowledge how the

miversity prepares the young engineer for his‘her future. The
chassical suhj(‘cls :1|l engineering qlu(lcnt% at
Toonar tos 11, [

hiahink o Th 1 ¢
niversiteit Leuven have to follow are \l u. Ly

power the

Kathohicke 1

. l\m\ Ccrsvstemes,

o elect
lect

¢
. ck‘clrwz\! machines and drives.

Phe Heted subjects are not separated from cach other. They
have 1o be scen as a unit with the linking subjects such as
CAD techniques and the control theory. With this link an
mterdisciplinary teaching is obtained. A strong link to the
mechanical K.

ensires that atl items concerning the ferm energy are treated

enginecring  department of  the Jeuven

rwcomplete as possible.

cotputatioan
imnlation . {
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Power Systems: | Flectroheat: [ Electrical M:u‘lnnv%l !
e h s oltgee H i devices } | & Drives: . ‘
h ~|‘H"'l"”” 1 | l_mhn tien heating ‘ de ac pmmachines ‘
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vector contiol
pover clectionies

oo T Corpcudun of the electrical power engimecting students at the

KU cuven

By assuming a decreasing total number of

Sundergradinated:

Furthermore, courses developed and given for engimeers
from industry can be found in the teaching program of the
FSAT EFLEEN (g, 27 An

clectromagnetic ficlds, given for engineers out of mdustry, s

division annual  comse on

one attempt and effort to tramn engineers i a complex item
such as numerical field computation theoretically and
practical lahoratory sessions as well.

I'o complete the program of presentations to industrial
engincers and interested students, several study days and

evening Icalmc are organmized during the academic year

3 I Sarinimering o~ R "aY I\
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HEA STEP BY STEP APPROACH

The complex knowledge o7 numerical  techniques s
transferred on different levels of difficulty. A distinetion

¢ 1 1
high the on matns - fevel

between

level, knewledge
intermediate  and  basic  skills,  understanding  of - the

functionalitics of the method. must he made (o reach and

succeed in teaching different target groups. Studenis of the

different ficlds of enginecring science

and engineers already

waorking i industry are the tarzet that have to bhe

reached.

groups

In general, universities have a threefold duty:

o transfer of knowledge to the socrety, teaching
e placing scientific service at the society s disposat

e acadenne and applied research

1 sveyinyte aro I;..] nl tey 1 'I‘l.n
{8 IlILIlllllllk\l paiins ard a to ACOIHIE. L

transfer of knowledee is mainly lone by instructing students
from undergraduate up to the doctorate level.

A short course in “CAD in maznetics™ 1s given annually to

from and/or rescarchers {from

The

micrested engincers indusiry

other

\\\\\\\ nniversiics. traming of such

......... already educated
engineers from industry by giving this annual short courses
can be linked to the first two points in the list,

Rescarch finally influences the content of the teaching
material and contributes to the first point as well

To fulfill the threefold duty, it is necessary to split the
knowledge to be transferred into hree levels of difficulty ma
didactically straight forward way as indicated mn Iig. 2.

The first course on clectrical drives where the students are
with called
differen topics are ticated. dealing

numerical  mcthods s I'lectineal

Machines part 1. Here,

confronted

o { : !

|
i .
|- . industry & lllll\(l\l!u\
1praduated:

(

|
I
v el . ot vl Coane '
clectiofechmeal 1 = numencal technie ey APy b ;
s echameal eneineers {] * field comontanen A techn o i
s atchiteets < sumilation i “ [ESEIRIIN
‘ | = measmements | | ‘
"+ hish voltage
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i
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with the function, parasitic effects and the design of the
device itself. For the design and optimization of an clectro-

magnetic apparatus the numerical tools are essential and this

is shown to the student in this stage of his/her university
studies. Design aspects. specifically in permanent magnet
cxcited machines and induction motors are discussed very
detailed and are accompanied by practical computations in

the lahoratory.

The wmims of the three

fevel structure used at the

(
K ALLewven, with other words the thiee steps in teaching

students in magnetics. are collected in Table 1.

4+ g 17
I fr.everf

Fo enter level 1, the corresponding target group has to he
prepared. Therefore, in this entry level it is e‘qwlained where

the numcerical fieid anpunnon has iis ()HLIH and pld(_ na

4|<‘smn Proc

Different approac

e
lectro-
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eV feciure
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year
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AIMS AND STEPS INT1IACHING

g 3 Target groups and e
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lated levels in teaching

I

TONMPUTATTONAT NMAGNITTCS

fevel farget proup

ann
[ ) undergraduates 3 e hasic theoretical knowledge ol
vear nnertead ficld compuation
By engineers oat of methads
imdustry o capability to solve simple standard
clectromagnetic static and  time-
harmonie ficld probleins in 21
" o) undergraduates 4" ® advanced theoretical knowledge of
venr numerical lield computation
already on miatrix level
d) (p;nll.\.) CHEMCCTS o merical aptimization algorithims
out of industry : .
- o design theories and methodologics
o capability to solve more complex
ficld simmlation tasks m 2D and
stmple problens in 31
1 ) Phils stadents o oxtended theoretical knowledge on
O program developer natrix and program fevel
e knowledge of data structures
o capability  of handling  data  to
obtai own sotution algorithins
e progranuning own soltware
rentines
e copability fo solve advanced 3D

problems

magnetic  fields  are  discuseed  and  advantages  and
disadvantages of the classical analytical models of the field
approximation have to he studied in theorctical Tectures. The
various pure numerical methods such as FDM, FEM, BEM
(‘Table 11) are discussed in more detail to demonstrate their
performance and application range.

This step is accompanied by studving  the  working
principles of electromechanical encrgy converters to transfer
a feeling to the students of how o field behaves inside the
and of which onder of magnitude the vanous
caleulated guantities are expected. Mong with the tectures on
clectrical machines, the students can work at a computer with
a multimedia tool to understand the operating principles of an
induciion machine. This stady period s performed hc!nrc
oblems

i

ﬂw\v qtar ¢
8 {

) t 1 i
The mulllmedm software taol is develaped by the group a
the K ALLeuven |2] and distribnted via the Internet and can
he downloaded by the stucents at any time [1]. With ths

sofiware t'nc ihcm'\ and consiruction of the induction maching

H Vil }
mdm tion machine can hc (h scovered by simple mouse clicks
to get Turther and more detailed imformation from a certain
part of the machine. Fig. 4 shows the construction of the

v e ocweod St
LI

1
seowinding, Ty ¢ pressed to oblan

more information about the cage winding itself or about the
iron lannnation of the rotor. The multimedia tool met with the

2t

students of the 3™ year approval. Actually a software is under

PRI ~ Y (R 1.
Jopment to deal with the de machine.

A secondary effect is obtained by distributing the s

via the Tnternet and letting the undergraduates work with it
Fven nowadays, there are sudents not used (o work with a
compuier and they are loosimg the uncertainty with this

deviee m o this way.

RSN
FIRE D Conmr apions N o
micthod ;’H'\i‘u’ij‘m af rormetey non compi atong!
discretization approst nation Iincatities Lcosts
BRI o extiemely possible high
(. flexible
M Lo miiexihle possihle high
BENT ’ ’ extrernely tronhlecne neh
fTesihle
NITC ' : spec i poserhle very dow

geometries

IPMNt m, "n stmpie by constant Tow
veometries [HISTRIEN

(1) TEM finite clement method, DM finte differcnce method, BEA - hoandin
cloment method, MEC - maenetie cquivalent cirenit. PAIA Pent matching
method

=
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end by twa rings.
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Fig 4 Induction machine construction detail representation of the
multimedia tool INDUCTUTOR [ 1]

of the physical behavior of
¢ > ! ceture and the methods to
aleulate lhcm pmulﬂl C
Migatory. Here, simple 2D computations are performed
sing a commercial FEM program packns:c.

ey fes
nosen to

It ‘mmplﬁ are

Sxestry P RPN
point  out the

evel 1

After the entry level, a basic understanding of the physical
vice and its numerical treatment can be assumed. Now the
simerical probiems and all neglections assui part
s lecture. More and more numerical details are ifuminated.
smple 2D computations are performed in the CAD sessions

o demonstrate the differences with the 21> approximation.

e methods comhined with the FEM such as optimization

\'Ill‘llll\ are umudu(‘u‘x as ‘\‘\"C”
A master thesis can be written in the ficld of numerical
dmiques as well Tlere, further theoretical knowledge and

fanced skills in using a finite element program package is

bained. The thesis student usually has to code own
flware  toutines to invesligate  specific algorithms  or

merical methods,
Level 1]

The Jast step of this four year lasting program is rescrved
“he doctorate fevel. The theory of the method is presented
“the matiix and program organization level. Here, special
~blems  such  as  crror  estimation,  mesh  adaptation
Imigues. solver strategies ete. are treated. The capabilities
specific parts in ficld computation programs are

wmed as well, A special seminar is given to prepare the

ned are jdit of

students for this fevel. Several theoretical lectures are given

by the Ph.D. students himself.
TV, CONCLTISIONS

(lassical ficlds of engincering, such as electrical power

systems and clectrical machines and drives, tend fo suffer

from a lack of interest by the students. They are attracted hy

more  glimorous  subjects,  such as elecironiesand
mechatronics. Tlectrical energy and its applications and

1
devices are, however, an essential if not lmhspcnmh]c part of
every day life and of all manufacturing systems. Therefore, i

is strongly reccommended to develop an education that attracts

ihe students of foday. A constant number of studenis. by
assuming a decreasing number of  electrical enginecning

students, choosing for energy as theit main subject. shows
that a classical subject such as electrica” machinery filled with

as numerical methods,

RE e the ol wav ¢
indicates the right wav o

A CAT

ahways

1 .
program (o teach electromagncetism s deseribed

which, carclully updated. successtully rans for g

couple of years already. A compmable approach s chosen fon

oihier subjects in the engincering cducation at the

K. Ul euven [3].
To enhance the educational offer of computer

power

learnmg or
teaching tools a distance learming tool. introducing the finite

clement method, is under development in Leuven. Students

orking on this new project with great enthusiasm.

arc w

During several stays at universities in different countries

such as Great Britain, Canada. Germany, Algeria and Brazil
the authors collected L“(p(‘llCllL(Q in teaching such complex

subjects iculum for

I
clectrical power engineering Studcﬂs art the Katholicke

Universiteit Feuven i Belgimy,
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