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Abstract— When studying EMC, which is an important aspect
in machine designs, the field in the area outside of the machine
is of interest and it should not influence any magnetic devices.
This lecture presents measured results compared with calculated
results obtained with Maxwell 2D. It is concluded that under
certain assumptions 2D FEA is sufficient when designing or
analyzing machines to meet the EMC requirements.

I. INTRODUCTION

The field outside of an induction motor might negativel
influence magnetic devices. It is therefore important teetal
EMC requirements into account when designing inductic
motors. Throughout this paper it is assumed that the arsaly /
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holds for a stand-alone induction motor without any magnet
material in the surrounding space. Calculated flux derssiie
on a surface that represents a cross-section at the middle of _ , , _
the motor. It is the aim to investigate a general method on hﬂgésldrem'\gf‘?ssgrr‘zn:aegns_emp showing the grid and lines alongtwitie
EMC can be accounted for by means of 2D FEA, and where

possible, to compare the calculated result with measuremen

The main objectives are: the harmonic content and how it is affected by the operat-
1) Determine the influence on the field outside of the statttg conditions. Since the flux density is a vector quantity,
when varying the magnetizing current. the vector-components needs to be analyzed as well. When
2) Determine the effect of housing on the magnitude of tH¥wever, the flux density of interest does not lie in this scef
field outside the motor. a 3D model should be used. Furthermore, if the surrounding
3) Comparison of the calculated results with those meapace of the motor contains other materials that influenee th
sured. field distribution a 3D model should be considered.
A. Problem statement Il. MEASUREMENTS

Magnetic sensors and pacemakers can be influenced by théhe flux density was measured on a grid at a certain level
magnetic flux density. Depending on the EMC requirementRglow the motor and along a line at a given angle. A typical
specific flux density vector-component or the time signal dheasurement set-up as in Fig. 1 shows the grid below the
the flux density is of importance. This paper investigates twnotor and lines at which the measurements were taken. The
vector-components of the flux density as well as the harnsonf@otor used has no housing, as the stack is supported by four

for a supply frequency of 20 Hz. support brackets. Measurements used in the comparison were
made on a stand-alone motor, thus no magnet material in the
B. Approach to the problem surrounding. Firstly, this makes a fair comparison with the

As a first approximation it is sufficient to use a 2D FEAFalculation, since a 2D FEA model is used. Secondly, the
model of the motor. This means that a two dimensional surfagecuracy of modeling the field is to be evaluated. The flux
needs to be defined where the field is to be evaluated. T#@Nsity was measured at the following three positions as in
surface represents a cross section of the motor and mbit 1:
be large enough to include the surrounding space. The fluxl) on a grid that is a defined distance from the center of
density will then be calculated and evaluated at the postio the shaft below the motor,
where measurements were done. A harmonic analysis of th®) pre-defined points along a line at 45 and
flux density as function of time will give information about 3) pre-defined points along a line at 90.
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Fig. 2. Flux density magnitude of thé'harmonic at 20 Hz supply frequency. Fig. 3. B! Harmonic of thez-vector component of the flux density at 20
Hz supply frequency.

For the measurements the motor was set well above 1 Z-Component of B at 20Hz
ground on wooden blocks. This prevents the magnetic fie
from being influenced. The grid had rows A to M, and columr g Surface for
1 to 13 as shown in Fig. 1. Columns 1 to 13 represent tl g “— 2D FEM
r-axis. Columns A to M represent thg-axis. A vertical . Too%e s,
surface for modeling is between columns F and G. The surfe ' A A
is perpendicular to thery-plane and represents theaxis. % N
Using this coordinate system the and z-components are
to be measured and calculated. At each of the grid points |
following measurements on the flux density at 20 Hz wel
performed:
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-
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1) the vector magnitude of thetlharmonic and G E S =3 9
2) the magnitude of thes® 39 and 8" harmonics for the (o T =5 5
x- and z-vector components. 1
A. Measured results Fig. 4. ' Harmonic of thez-vector component of the flux density at 20

. S . Hz supply frequency.
Due to saturation of the laminations the harmonic compo- PRy Treqtieney

nents have to be measured using a bandpass filter. The vector

magnitude of the % harmonic is shown in Fig. 2. For thethat a time-domain analysis must be chosen. The dynamic
visualization a 2D interpolation function was used on thﬁ‘lodeling approach has been implemented and takes into ac-
measured data to generate a 3D surface of the flux densiyunt the rotation of the rotor. The motion equation is cedpl
The absolute maximum value is used as reference and equgts the field and circuit equations to consider mechanical
100%. Thez- and z-vector components are shown in Figs. $ransient through electromagnetic torque. In order to iabta

and 4 respectively. Since a 2D FEA model is used, the crogstime signal of the flux density, the Maxwell 2D transient
cut at the middle of the motor corresponds to the surfagg|ver is chosen.

as shown in the Figs. 2-4. The graph as a result from the
intersection of the 2D surface and the measurement is ufedMaxwell 2D model
for the comparison between measurement and calculation. A rule of thumb when the background is included into the
In Fig. 3 the maximum of the:-vector component in the FEA model is that the object modeled must be at least a fifth of
middle of the motor (F7 on the grid) almost equals the absoluhe total model size. In this case the total model size muat be
maximum. Thez-vector component in Fig. 4 tends to zerdeast 5 times the stator outer radius. The outer boundaryeof t
at the middle and increases when moving away from theodel is then assumed to be at infinity. In the boundary set-up
middle in az-direction. It has two maximum values and ighe balloon boundary condition is assigned to the backgtoun
approximately 80% from the absolute maximum. The assumption that the vector potential on the stator outer
boundary equals zero does not hold, when the field outside
the motor is of interest. In order to get a proper solution in
General techniques of analysis of induction machines ate region of interest, some dummy objects are created. It
well known [1]-[5]. Calculation of the time-signal implieshas the same material property as air in this case and are

IIl. FINITE ELEMENT MODELING



C. Harmonic analysis

The field solution gives the magnitude of the flux density
as result. This vector has only the and z- components in
a 2D model. Ther- and z-components as a function of time
are calculated in the following way: The vector component is
integrated over a small surface at each of the measuringspoin
which is then averaged by the surface area. This resultsin th
average flux density at the given point. The surfaces where th
average flux densities are calculated are shown as the black
circles in Fig. 5. A macro is used to perform this operation
after each time-step. The components are calculated aitér e
time-step as follows:

1
Ba;,average = Z/SBacda (5)
and 1
Bz,average = ZABZda (6)
where S the surface of integration and the area are. At

each of the sampling points a time functids(t), is obtained.
Having the vector-components as time functions a Fourier

Fig. 5. FEA mesh showing the dummy elements. analysis is performed. The resulted function has the fotigw
form
1,3,5
used to control the density of the mesh. Thereby avoiding a By (t) = Z:l Bz neos(nwot) (7)

too large number of elements. The FEA model is shown in

Fig. 5. The support brackets are solid material which irrssplié”‘nd 1,35
that eddy currents will be induced. Calculating eddy cusen B.(t) = Z B, ncos(nwot) (8)
using Maxwell 2D a current source having zero value must be n=1

assigned to the stack support bracket. In this way the iategyhere B, represent the th harmonic of the calculated flux
of the current density over the bracket surface will be zerggpgity,

Letting S be the surface of the support bracket the following sjnce a transient solver is used, the time-step should be
holds: sufficient small to include all the harmonics and to avoid
/ Jda =0 (1) aliasing. Ifv is the highest harmonic anfi the fundamental
s frequency the sampling time can be calculated using

In the simulation the support bracket will be either assifjne T — 1 form=1.2.3. ... 9)
the property of air or that of solid steel. This way the effett S 2fi(v+n) Y

the stack support brackets can be calculated. The lamitsatidThe variablen is only used to assure that the sampling fre-
were modeled having no conduction properties in the axigliency is higher than twice the highest frequency component

length. and by choosing it as an integer implies that the resolution i
the frequency domain when using a DFT will be a multiple
B. Excitation option of the fundamental frequency.
In case of the transient solver Maxwell 2D offers either V. COMPARISON BETWEEN MEASUREMENT AND
current or voltage excitation. The use of an external cirisui CALCULATION

also possible. For this study the voltage excitation wasluse The 2D FEA model is first verified by calculating th¥, B
The three-phase instantaneous voltages are defined assolland 3" harmonics of the flux density for different magnetizing
currents. In each of the calculations the supply frequescy i

ug = Urp\/2/3 cos(wt) (2) 20 Hz. Fig. 6 shows the results which were calculated at a
_ 27 defined distance below the motor. This corresponds to a point

up = Urpv/2/3cos (Wt - 3) ®) inthe grid at F7. From the figure it is clear that for each of the
Ar harmonics the flux density increases with an increase in the

ue = Upr\/2/3 cos (wt - 3) (4)  magnetizing current. The harmonics obtained from the FEA

model are calculated by performing a Fourier analysis on the
As a first check the measured no-load current is comparealculated flux density as a function of time as described in
with that calculated. This way the model can be verified. section IlI-C.
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A. z-Components in the z-components. Measured results in Figs. 7 and 8 are the

The measurect- and z-components along the row F, at lintersection with the 2D surface in Figs. 3 and 4 respedgtivel
p.u. current, of the flux density together with the calcudate

results are shown in Fig. 7 and Fig. 8 respectively. Noteyirst )
that the z-component of the flux density has its maximum The following calculated results presented are compared

at the center of the motor (F7) and decreases when moviffh measurements at rated magnetizing current, (1 p.u.),
away from the center. The calculated results also show tR8d at 1,125 p.u. Measured and calculated spectrums of the
effect of the stack support brackets. Without the stack sitppflux density at different magnetising currents are shown in
brackets the maximum flux density is much higher. Especiaffjg- 9 and Fig. 10 respectively. For each measured harmonic
at F4 and F10 the values are less then half with stack suppdrandpass filter was used. Comparison of the calculated
than without support brackets. The calculated flux densitly w 'eSults with the measurements at 1 p.u. current, shows a
stack support brackets along the total distance shows gdifd correlation. However, at 1,125 p.u. current, the dated
correlation with the measured values. This clearly shows tHlux density is higher than that measured. An increase in the

the stack support brackets decreaseomponents of magnetic magnetising current shows an increase in the flux density as
field in the region of the brackets. well. Only harmonics up the thé"Swere measured.

. Harmonics

V. CONCLUSION

A general method has been presented to account for EMC
Fig. 8 shows that the:-component tends to zero at theequirements in the design of induction motors. It makes use
middle of the motor. Moving outwards from the center, the of a 2D FEA model and suggests step-by-step procedure to
component first increases up to F5 and F9 and then decreasgalyse and evaluate the results. The comparison of ctitnula
again. The effect of the support brackets is clearly sm#il@n was satisfactory when compared to the measurement. From

B. z-Components
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Fig. 10. Harmonics at F7 of the flux density at 20 Hz supply fesgy and
1,125 p.u. current.

the similar trends of the measured and calculated data at the
middle of the motor, one can conclude that the FEA can be
used to investigate and improve the machine design to be elec
tromagnetically compatible. The typical field distributiof a
motor having no other magnetic materials in its surrounding
are shown in Figs. 2-4. If the flux density is calculated with a
2D FEA tool at the middle of the motor, it can be approximated
elsewhere.

The effect of the stack support was investigated and the
results of this indicate that the stack support reduced #ié fi
density outside of the motor. The influence of housing on the
field outside of the motor was not investigated. However, one
can conclude that housing will further reduce the field dgnsi
outside of the motor.

The 2D model is only valid in the plane where the calcula-
tion was done. For calculating flux densities in any othengja
a 3D model is to be used. The 2D model has the disadvantage
that it does not take into account the fact that the motor is no
homogeneous axially e.g. the stack support brackets are not
straight from one end of the motor to the other.

When the time signal is of importance the flux should be
measured without a filter. In this case the phase difference
between the harmonics will determine the absolute maximum
value.
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