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SEMI-DISCRETE ANALYSISOF ELECTROMAGNETIC FIELDS
FOR DIFFERRENT SHAPES OF EXCITATION

Konstanty M. Gawrylczyk

West Pomeranian University of Technology in Szazelebland

ABSTRACT
M

N oK tgt) Af)-
The paper deals with numerical aspects of the FE At
analysis in time domain by means of semi-discrete M
method. The method provides analytical solution inze'f(ti+1>+(1_@)'f(ti>+{E_(1_@)'K]'A(ti)-
time, so the time-stepping may be omitted. The
method seems to be numerically very effectivewith: K — stiffness matrixM — mass matrixAt — time
however, the produced matrices are dense. The waldtep and 0,5 © < 1 defines the differential scheme of
known time-stepping method requires a new matritime stepping method. The effective solution of i)
decomposition, while adapting the time-step. On thes long possible, as the time stépremains constant.
contrary, the proposed method suites very weltlier For example, when applying this method to adjoint
cases of non-uniform time steps, particularly whilemodel to calculate sensitivities of electromagnetic
using adjoint models [1]. field [2], [3], the time moments, at which both,
The solutions utilising semi-discrete method wereoriginal and adjoint model are analyzed, should
compared with ordinary time-stepping. The exemplaryoincide as shown in Fig.1:
models are taken from non-destructing testing
apparatus utilising eddy-currents. The currents
exciting the NDT-probe take often the form of sengl  — —~
sinusoidal, or rectangular impulse. For the aim of 7

(2)

& - & 5 & |
modelling of NDT-probes the semi-discrete solution i i . i . i i 10
. . . . 7 6 5 4 3 2 1
for different shapes of excitation is shown. | £ £ t & t & t
0 & = < & < & =
Index Terms - electromagnetic fields, time- : =T- ¢t t

domain analysis.

Figure 1. Time-stepping for original and adjoint
1. INTRODUCTION model

a’his requirement causes the large number of iterati

The proposed semi-discrete method allows us t ‘ d | tational i This is th
obtain time-domain solution without time-stepping.Selos and very long computational ime. {Hhis 1S the
reason, why the semi-discrete method has been

For space discretization we use usual finite elésnen

of first order. The semi-discrete method deliversdevelOped'
analytical and continuous solution for any givendi
of analysis, which takes a form of exponential
functions.

3. SEMI-DISCRETE FINITE ELEMENT
ANALYSIS

2 FE-TSANALYSIS The inhomogeneous diffusion equation we are solving
has the form of

Electromagnetic field diffusion into conducting ieg AL ) _
may be for two-dimensional models described [K]{A(t )} +[M]—at —{f t )}- (3)
utilizing vector magnetic potentia:

The transient component &f= Ag+ A, results from

VZA*#V(;—tA:*Mo'i(t )=—f(). (1) homogeneous equation:

OAL) _
ot

Approximating (1) with finite elements and applying [K]{A&(t )}+[M] 0, (4)
time-dependent elements we bring the solution to

commonly usedFinite Element — Time Stepping  Which solution is

method, leading to the following system of linear

equations:
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{AG)}={chexd-t {M][K]).

with: {C}—constant of integratiol

()

The constan€ depends on initial valua(0), which is
zero in our case, and on the excitation shape. The
solutions for different excitatiorfsare shown below.

4. UNIT-STEP EXCITATION

However the current owning the shape of unit-step
1(t) can not squeeze into the coil, it is handy o | | | |
approximation of the real state. “0 200 400 600 800
The steady-state response of the magnetic vector
potentialA, in this case has the form:

FE-TS  ------ Semi
{AJ(t )}:[Krl{f (t )}:[K]il'l(t ) (6) Figure 2. Comparison ok in node “1” for t ;.
The constant of integratiof can be evaluated from
the initial condition 5. DESCRIPTION OF TEST MODEL
{A(O)}-+{A,(0}={A(0}=0 (7)

For the purpose of testing a very simple modelywsho

and the semi-discrete solution for vector magnetid" Fig- 3, was chosen. The model exhibits Cartesian

potential takes the form: symmetry. It consists of the conducting region with
material parameters 1/60yi,=1 and u =1.

{A(t )}=([l]—exp(—t [M]_l[K]))E[]K]_l{l( }. (8) Excitation is produced by a line current of 1 A/m
density. A 2D-model is driven with 0.5 A currents

When the inversion of mass matrix is necessary, wdirected to nodes “21” and “22". The element

can not apply (8) for the whole region. It has ® b matrices for a 2Bcase are [4]:

subdivided into a conductive part “1” and a non-

conductive part “2”; 1 B+¢  bb+eg  bbtige

P Ke=2n 7D 66 B+¢  pbtag
[Kn KleAl(t )HMM 0] oAt _{0} © ‘hR+es Bbree B+ B
Ka Ky Az(t) 0 0 f, 21

M =H A 5 g Bl ()

We assume that excitation currents are locatedianly "¢~ 12 T 3”0 '
a non-conducting part of the region. Then we obtain 11
the following matrix equation for the conducting with: h=y—¥%. ¢=x—X,
region: and A° —area of the elemest
(Ki-KsalK o R ALOIHM Jon ot }=
:_[Klz][Kzz]il{fz(t )}, or: (10)
[KcHAl(t )}+[M11H8Al(t )/ ot }:{f dt )} conducting region |3 \

The similarity of (10) to (3) allows exploitationf o 1 =5 el
solution (8). Fig. 2 shows the comparison of maignet 5"““ o A
vector potential calculated by FE-TS Eqn.(2) using '
Galerkin-scheme @&=2/3) versus semi-discrete
solution. The both solutions were obtained using
simple two-dimensional model described below.

line current | A/m

1‘—0.5/\/ \O.SA

4,20 4,0

Figure 3. 2D test model.
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Figure 5. The solutions for rectangular excitatiourrent shape.

6. HARMONIC EXCITATION

For harmonic excitation we have the following 0.03
inhomogeneous differential equation:
OA(t 0.02
KAt )}-+HMF——= ()—{I sin@ ). (12)
The steady-state responsg may be evaluated in 0.01
frequency-domain with standard FEM: ST VA
[K{A}+iwMKAJ={1}, (13) O i iiriing
and then, we can retrieve the time function of dfea
state response -0.01

0 200 400 600 800 1><1()3

{AM}:([K]HM[M Dil{!}, (14) FE-TS S | i teady-stat
. . —— FE-TS ----- emi —-—- steady-state
{At )}:ima({([K]jL jwM)) {1} exp(ia j Y
Figure 4. Comparison of magnetic vector potential

Assuming zero initial condition we evaluate now the for harmonic excitation.
constant of integratio@
. 7. EXCITATIONWITH THE RECTANGULAR
{C)+imad|[K]+ w[M]) "{z}}-0, IMPUL SE
(15)
{C}:—imag(([K]Jr jw[M])fl{l}). The solution for rectangular impulse was achieved
as superposition of solutions for two unit-step

So, the semi-discrete solution for transient magnet impulses:

vector potential with harmonic excitation takes the
form (—e"™ ul [ J {1([ }if t <T,

(A )}:imag(([K]qL ja)[M])fl-{!}exp(m jf { ()} (et ik _ gtMad 'K K] {1( } a7

otherwise.
—i I —t - 16
|mag(([  jeM { }) expé ) (16) In the Fig. 5 the solutions obtained for the nausde

=imadA -exp(id )— imabA ) e IMTYK conducting material (node 1) and for the one on the
Q(A‘ PG ) QA’) ><(p4 [ ] [ D border to the air (node 18), are shown. The shépe o
The comparison of semi-discrete solution with FE-TSeXcitation current was also placed there.

method is shown in Fig.4. It concerns the node

number (1), accordingly to Fig.3.
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Figure 6. Comparison of magnetic vector potentigldingle sinusoidal current impulse.

Comparison of the efficiency of the semi-discrete
8. SINGLE SINUSOIDAL PULSE method with classicdE-TS [3] shows, that despite of
high demand for memory, the described method may
The solution for single, sinusoidal current pulsesw compete in relation to finite elements with the gim
derived in the same manner, using superposition oftepping.
two solutions given by Eqn.(16):

imag A,-¢* ~(A,)- ¢ ") i <T

Alt =1 TMTK oMK 18 [1] K.M. Gawrylczyk, M. Kugler “Time domain

{ ()} mag((AJ)-e( " H_(AJ'G{ | H) (18) sensitivity analysis of electromagnetic quantities
otherwise. utilizing FEM for the identification of material

conductivity distributions”, COMPEL, vol. 25, No, 3

The comparison shown in Fig. 6 reveals goodpp. 589-598, 2006.

agreement of solutions obtained using semi-discrete

method versus this from classical FE-time-stepping[2] K.M. Gawrylczyk, M. Kugler, “Sensitivity

For the node number (1) we can observe the delay @nalysis of electromagnetic quantities by means of
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