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Abstract — A new designed core tester and its feetdj and
control devices are presented in this paper. With His
workbench, mounted single phase induction motor stars can
be magnetically fed with controlled induction leves in order to
evaluate their quality in the industrial environmert. As the
measured data involves the machine stator as wels ahe core
of the testing apparatus, Finite Element and iron dsses
modeling are employed in this paper in order to disnguish the
losses of the rotor under test and the losses of amirement
device itself. Therefore, the main goals of this meer are to
propose a new tester design as well as the way aliag the
separation of the losses in the stator under tesind the losses
inherent to the tester itself.

. INTRODUCTION

Iron losses in electrical machines can vary foresalv
reasons. Among them, differences in iron sheet
characteristics between two different batches, qgitf
punching tools and assembling yield different pemiances
for the same motor design. For this reason, quedits are
required, at least in statistical manner, to ingasé the
motor losses and to control the quality of the devi

In order to evaluate the losses in assembled (Guyet
winded) stators of single phase induction motors, a
experimental device was designed. It is composed by
laminated low loss magnetic core with two identidl
electrical degrees shifted primary windings showifig. 1.
Notice that such windings do not belong to the mdiat
they are part of the tester. They are fed by two
independently controlled electrical sources and @aeed
in the external part of the slots. Two 90 degreaftes!
secondary windings are also placed in the innetr gfathe
same core tester. These windings are not fed heit th
voltage waveform can be controlled.
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Fig. 1. Core tester geometry and windings.

The stator under test is embedded externally tacohne
tester as shown in Fig. 2. Alternating and rotatimgnetic

fields can be imposed to the device. The total oreas
lossesw,, are evaluated from the primary curreits, and

the secondary windings voltages,v, integrated over an
acquisition periodrl as follows
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Fig. 2. Core tester and embedded stator.

When calculating the losses by the measured cugrrent
and voltages, the stator and the core tester loases
included on the same result of Eq. (1). It is \atly
impossible to distinguish the stator core lossesnfithe
tester losses. Therefore Finite Element simulatameshere
used. With such calculations the losses in these tw
different parts can be evaluated by a relativetypde and
precise post processor methodology.

Il. LOSSESEVALUATION

From time stepping voltage fed 2D Finite Element
simulations, B, and B, the radial and tangential magnetic

induction components in each element, are storedafo
electrical period. The total calculated lossesare obtained

by adding w,, w;,w,, respectively, the hysteresis, eddy

e !

currents and anomalous losses components. Therdsiste
losses are evaluated after the decomposition of the
induction waveform inN harmonics as given by (2)

W, = Z[l"' R (o = 1)]"‘41 2

where R, and r,, depend on the alternating or rotating
behavior of the induction loci [1], [2]. The alteting
hysteresis lossesnf, are calculated at each harmonic
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frequency kf  using Steinmetz equation considering dc-
biased induction valueB,, [3], [4]:
\N:k = Ch Bl?maxkr |:1+ 06541201] (3)

The other losses components are obtained from the
induction vector radial and tangential componesiagi(4)
and (5).

2 2 2
cfijT[a—B a=c, 27 [ L] +[ 2] e @)
T o\ ot TJo|{ ot ot
3
15 2 27,
98 dt:CEEJ.T 9B, + 98 da (5)
ot TJo|{ ot ot
Material characterization were made for obtaining
parametersy , C,,C, andC,.

W =

1
w=Cr,

ll. RESULTS

Figure 3 shows the FE 2D study domain of the core
tester with the stator as well as a field distiidtfor a
calculation time.

Fig. 3. FE study domain and field distribution.
The calculated and measured currents in the primary
windings for two different operation conditions aleown
in Fig. 4 and 5. For Ipx1 and Ipyl the device ofEgaat
strong magnetic saturation level while for Ipx2 dpyR the

structure is globally linear.
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Fig. 4. Measured currents in primary windings.
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Fig. 5. Calculated currents in primary windings.

The calculated and measured total losses in the cor
tester and stator are presented in Fig. 6. As th®mis a
commercial device, these results are given in tevfrthe

normalized total losses as a function of the peakeat.
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Fig. 6. Calculated and Measured total losses.

Figure 7 shows the distribution of the calculatesisks
between the core tester and the stator. From tressdts
one observes that the distribution remains the samdethat
the core tester losses are always close to 20%eofatal
losses. It is an interesting result since it alla@picting the

influence of the tester on the global measurements.
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Fig. 7. Distribution of the losses between coréetesnd stator.
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IV. CONCLUSION

A newly designed apparatus for losses evaluation on
mounted stators is presented in this work. As itiigially
impossible to separate, by experimental proceduitess,
losses in the core tester from those of the staoFEE
calculation methodology is employed. From simulasidt is
verified that the losses in the core tester remteabout
20% of the total losses, regardless of the curr@nt
magnetic induction) levels.
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