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Abstract — Starting with the 3™ academic year the studeats A STEP BY STER APPROACH
taking electrical energy as their major subject at the
K.U.Leuven are foliowing theoretical lectures and laboratory The authors think of the discussed methodology in
sessions supporting the basic knowledge on the finite element caching as a step by step approach. The compiex h'](?choge
method (FEM). The numerical sessions take place in .fram ef of numerical techniques is transferrec on differ ifficulty
workstations. The students have to work with commercial FEM fevels. A solit up between high level, the knowledge on

program packages and the numerical parts are always followed
by a practical laboratory session. Here, the students have {o
measure the beforehand computed results such as currents,
induced voltage and inductances of simple magnetic circuits. [n  Succeed in i £

the foilowing 4™ academic vear more complex tasks are different ficids of engineering sc !
demanded such as computations of dc machines or induction working in industry are the t(.rgct groups that have to be
chiines. For a better inside of the physical behavior and to reached.

make the field solutions of induction machines understandable a In general, universities have a threefold duty:
muliimedia software program is availabie to the students and
distributed via the Internet. The methodology of the step by step

matrix level, intermediaie and basic skilis, understanding of
tie i’mcno’m.mcs of the method, must be made to reach and
g different target groups. Students of the

e .

¢ transfer of knowledge to the socicty

. dotv's diamoant
approach of computer assisted teaching, performed at the * placing scientific service at the Sociely s disposal
I . I
K.Ul.Leuven, to transfer the knowtedge of the complex numerical  ® academic and applied research
fieid computation techniques are discussed. All the mentioned poinis are linked to teaching. The

transfer of knowledge is mainly done by instructing students
from undergraduaie to the doctorate level. The training of

engineers from industry by giving annual short courses can be

INTRODUCTION

1w well known abbreviation CAE (computer aided
engineering) is regularly used to describe engineering
techniques aided by digital computers. Thus, activities of
indistrial or wniversity engineers to solve design problems or
mlcu!::tc and predict the behavior of  physical technical
wroducts such as electromechanical Cnergy converters are part
nf this definition. Due 1o constan itly decreasing prices of
standard computer hardware and software, powerful PC’s
now can be found in neariy every student-household. The e / : B
possibilities to easily access information at anytime from I el »
nearly every place in the worid via the internet are increasing

as well. As a reaction and to cnsure the equal opportunities

1
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T} :
' linked to the first two points of the list, Rescarch finally
influences the content of the teaching material and cont: ‘ibutes

b
to the first point as well. To fulfii]

necessary to spiit the knowledge to be transferred inio three
difficulty ievels in a didacticaily straight forward way (Fip. 1)

the threefold duty, it s

fevel target group
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the Katholicke Universiteit Leuven is renting students hard ii. secaired? year | LT
and soitware by a subsidized fee. As a consequence, the [ —

university teaching staff inciudes computer-aid tools into the

lectures and  laboratory sessions. Thercfore, the new
abbreviation CAT can now be used for Computer Assisted

feaciing., Fig. i: Target groups and related levels in teachi n
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Uant v T Atms and steps in teaching computationai magnetics.

jevel target group aumn
i a) underpraduates 3" e hasic  theoretical  kaowledge  of
vear nwmerical field computation

-

Py engincers  out of micthods

industiy o canability to solve simple standaid
clectromagnetic  static and  time-

harmonic field problems in 2D
Hi ¢) undergiaduates 4" e advanced theoretical knowledge of
vear namerical field  computation

afready on matiix level

d)  (partly) COZINCETS

csipgn theories and methodologies

* caprbility to solve more complex
ficid simulation tasks i 20 and
simpie problems in 3D

iii ¢) Phi) students e cxicnded theoreticai knowledge on
) programime wmatrix and program fevel
developer o knowledge of data siructures

& roamatyilies P I Y
& Capacihiity . O ona

ohtoin own solution algorithms
software
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capability to solve advanced
pioblems

TABLE IE: Field computation methods™".

method

principle ot peometry non- computational
discrehization  approxumation fincarities costs
" hioh
[ fiexibic
FDM - inflexibic possible high
RIRS extremely troublesome high
: flexible
Mi M possible very low
X geomeiries
PR m, "a simpic by constant low
Nk geometrics factors
l'”z -
() FER - finete element methad, DM - it dificrence method, BEM - boundary

clement method, MEC
methoid

- magnetic equiviicnt circut, PMM - pomt matching

three  level

with other

The auns of the structure used at the
words the three steps in teaching
Table 1. A short course
interested

KT cuven,
students i magnetics, are coilected in
mn CAD i oma

engincers from industry and other universities.

neties” s given annually to

Level ]

ina first step to enter the level 1 the target group has to be
prepared. Here, it is explaimed where the numerical ficid

advantages and
fieid

Thercfore,
anaivtical models of the
approximatiion have ’ncd, as weil as the various pure
numerical methods (Table 1), This step is accompanied by
studying the working prncipies oi cleciromechanical energy

computation  has 1ts
disadvantages of

place.
classicai

to be ir

ling to the students of how a field
order of magnitude of the

leciures on electrical mach
a computer with a muliimedia tooi to

converters to wransfer a fee
of the
jaantities. Along with the
students can work a

pehaves and VAT IoUS

aachiines, the
:)

understand the operating principies of an induction machine

before thiey start to solve its associated field problemis. The

edia smmarc tool is dev

cioped by the group at th

distributed vin the Int mct and can be
5

t is obtained by distributing the sof i this w

aduates wark with it. Even r‘owaddys JEs

are saudents niot used to work with a comiputer and they

this way the dﬂCCﬂﬂl'hy witis this device.

ict ing the undergra

.(‘)Oﬁmg in

To support the understanding of the :*,}w'qmm behavior of
the technical devices treated in the leciure and the methods to

caiculate them, practical CAD sessions at the computer are
obiigaiory. thC, i ) i
A

are perfonmed

using the VI ciesen o point out !

e
connection }' veen analytical, mmerical and measuremenis

in particular.
r

A S 4
Level i

After the entiy level, a basic understanding of thc physical
Vic

de and its numerical treatment can be assumed. Now the
nun "ﬁcai problems and ail ncgicchons are part of

assumed
atls a

i i

the lecture. More and more numericai de e luminated
Simple 3D computations are pcrformccz in t}‘ C'AD SCSSiONS
to demonstrate the diiferences with the 2D approximation.
G

aig

o

ther methods combined wiith the FEM such

()x ithnis

as eptimization

are introduced as well,

Level 1]

is reserved for the
The theory of the method is presented on the

progran

such  as

ihie last step of this 4 year progran
doctorate level.
matrix and
nrobienss

organization {evel. fiere,
error - estimation,  mesh
techniques, soiver strategics etc.
in coding spe
trained.

special
adapitation
are treated.
cif e in ol

cific parts m fieid con

The capabiliiies
putation programs are

CONCLUSIONS

A CAY program s desersbed which, alwayvs carcfully

iy runs for a couple of years already.

updaied, success
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