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Abstract — This paper presents core loss analysis of 3-phase
induction motors used for industry applications. The core loss is
affected by the time rate of the change of magnetic flux density.
Generally core loss is spread out in stator and rotor core. And,
rotor core loss is less than stator core because of constant field
flux density of rotor. Tooth core loss density is large than yoke
core loss because tooth has harmonic distortion of flux density. In
this paper, transient finite element method used to analyze the
magnetic flux density waveform in order to analysis the flux
density according to varying time. Core losses in each element
are evaluated using core loss curve tested by and Epstein test
apparatus. Its result is shown the distribution of core loss density
and partial thermal source.

I. INTRODUCTION

Three-phase induction motor wildly used for variety
industry applications very much. This paper deals with the
core-loss distribution of a 3-phase induction motor. Many
studies on the core loss calculation have been conducted. In
traditional ac machine theory the iron loss is viewed as being
caused mainly by the fundamental frequency. Normally, under
alternating flux conditions, the iron loss P in W/Kg is separated
into a hysteresis loss component Py, and an eddy current
component P, both in W/kg, as shown in (1).

P=P +P =k, fBZ+k, f?B2 (1)

where f and B, are the frequency and the peak value of the
magnetic flux density, respectively. ke, ki, and « are constants
provided by the manufacturer. This conventional method
assumes sinusoidal variation of the magnetic flux density
waveforms. Therefore, this method is not sufficiently accurate
because the magnetic flux density waveforms are non-
sinusoidal. In order to take into account the harmonic effects
of the magnetic flux density waveforms on iron losses,
accurate prediction of the magnetic flux densities throughout
the stator and the rotor cores need to be performed.

In many study, it is difficult to calculate the core loss
because of local flux density and non-linear characteristic [1].
Many studies discussed lumped parameter for calculate core
loss. In order to calculate core loss distribution, flux density
of each element is calculated based on FEA. And, core loss of
each element is obtained by the harmonic distribution and
measured core loss data. Because the iron loss is affected by the

time rate of the change of magnetic flux density at the motor
cores, it is important to calculate the quantitative magnetic flux
density distribution in the magnetic material. Therefore, the core
loss is evaluated by the frequency analysis of the magnetic flux
density distribution by the time-stepping FEM and the iron loss
curves, which are provide by manufacturer. The harmonic
analysis is used to analyze the magnetic flux density waveform in
each element model. Iron losses in each element are evaluated
using iron loss curves and total iron losses are obtained by the
summation of the losses in all elements. Finally, the simulation
results by the presented method are verified by the experimental
results.

Il. ANALYSIS METHOD FOR CORE LOSSES

A. Analysis Model

Fig. 1 and Table | show the half cross-section and brief
specifications of the analysis model. The model consisted of 4
pole, 24 slot and squirrel cage with 34 bars.

Fig. 1. Analysis model

TABLE |
BRIEF SPECIFICATIONS OF 3-PHASE INDUCTION MOTOR
Item Value Item Value
Phase number 3 Pole number 4
Input voltage (VL) 100 Rated current (Arms)  1.59
Output (W) 1335 Rated speed (rpm) 1350
Rated slip 0.1 Connection Y



mailto:ldia2007@ec-lille.fr
mailto:motor@hanyang.ac.kr
mailto:hongjp@hanyang.ac.kr

B. Finite Element Methods

Generally, Time-stepping FEM is used for the analysis of the
magnetic field. The governing equation for 2-D FE analysis is given

by ().

(i), 218 0, (1)
ox\ uox) oy\uoy dt

where A is the z-component of magnetic vector potential, u is the

permeability, o is the conductivity of the materials and J, is the
exciting current density of the stator winding.
The voltage equation per each phase can be written by (2).

V, = |aRa+(La+Lm)%+% )
dt  dt

where V,, R, and ¢, are the input voltage, the resistance and
the flux linkage of each phase, respectively. L, is the
magnetizing inductance and L, is the winding leakage
inductance calculated by equivalent method [6]. The sum of
L,and L, isthe phase inductance.

For the time-stepping FEM, time step is fixed and the input
voltage is defined at each time step.

C. Magnetic flux density of each step

The flux density can be calculated by FEM. In this paper,
moving line technique is used to express rotor motions. The
magnetic flux density of each element of each step is
memorized to the files.

D. Coreloss calculation of each element

Fig. 2 shows the flow chart for the iron loss calculation. The
temporal and the spatial variations of the magnetic flux
density waveforms are calculated by performing time-stepping
FEM. Spectrum analysis is used for the frequency analysis of
the magnetic flux density at each element of the finite element
(FE) analysis model. The iron losses P..' at each element are
calculated from the summation of the losses P, '(B,, Wf)
according to frequencies using DFT and iron loss curves.
Finally, the total iron loss P, is obtained by the summation of
the iron losses in all the elements.

E. Measurement of 50PN1300 coreloss

Under no load conditions and depending on the motor,
magnetic loading can be around 1.5 T, and increases with
loading conditions. Some motors inherently operate at near
saturation and at high frequencies. Of an apparatus used for
the measurement of magnetic properties of samples of
magnetic sheet material, a part in which the sample, in the
form of stacks of uniform flat rectangular strips, is arranged in
a closed magnetic circuit around the sides of a square, each
side being equipped with test windings which surround the
loss measurements. This methods is defined as “Epstein Test
Method”[2]. In this paper, Epstein test method is used for
sheet coreloss according to magnetic flux density and
frequency. Fig. 3 shows the coreloss density measured by
Epstein tester.
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Fig. 3. Coreloss density measured by Epstein tester

Il. RESULT & DISCUSSIONS

A. Current waveform of the analysis model

Fig. 4 shows the simulated result of current waveform of each
phase from initial time to stable statues. Slip of simulation is
0.1, the speed is 1350rpm. The rated current by simulation is
similar to design parameter shown in table I. Fig. 5 shows the
conductor loss of secondary with squirrel cages. The
conductor loss of Fig. 5 is sum of each conductor loss of the
analysis model. In this simulation, the conductivity is
compensated to 8.66*10° (S/m) which is 14% of pure copper
conductivity. At the stable states, the conductor loss is very
smaller than transient statues. Fig. 6 shows the equi-potential
line according to simulation time. The magnetic flux density
couldn’t spread to inside of conductor bars at fig 6(a) because
sudden current variation is effect on secondary conductor bar.
The conductor bar is shaped the induced field against to



primary in the rotor. When the current is reached at the point
PA in Fig.4, the equi-potential line is shown in Fig. 6(b).
Fig. (7) shows the magnetic flux density at the rated current.

B. Flux density variation of element

According to position of stator & rotor, the flux density is
shown in Fig. 8 ~ Fig .12 of a~f of fig.1.
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Fig. 10. Flux density of stator tooth edge of Fig. 1(c)



Fig. 8 are shown stator rotor yoke flux density. Teeth
harmonic effect is disappear in yoke. Fig 10. and Fig 11 are
shown at teeth edge respectively. Harmnic analysis result is
shown in Fig. 13 and Fig. 14. In Fig. 13, the 18™ harmonic
order is caused teeth effect.

C. Core loss density distribution

Fig. 15 shows the distribution of core loss at rating point. In
the edge of rotor core region have higher core loss density
than stator core region. The test result shows in Table II. In the
test, it is difficult of the coreloss and secondary copper losses
to separate. Therefore it is compared with sum of coreloss and
copper loss.
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Fig. 15. Coreloss density of three phase induction motor (W/kg)

TABLE I

TESTED RESULTS OF THREE-PHASE INDUCTION MOTOR
Item Value
Test Speed (rpm) 1489
Core material 50PN1300 (POSCO)
Simulation harmonic order 100
FEA core and conductor loss (W) 23.1
Experiment core and conductor loss (W)  21.6
Error (%) 6.5

IV. CONCLUSIONS

This paper presents the loss distribution of 3-phase induction
motor fed by sinusoidal voltage using time-stepping FEM. The
core loss is evaluated by the frequency analysis of the magnetic
flux density distribution by the time-stepping FEM and the iron
loss curves, which are provide by manufacturer. The harmonic
analysis is used to analyze the magnetic flux density waveform in
each element model. In the result, the flux density of regional flux
density is displayed. The teeth coreloss density is more higher
than yoke. Especially, in the teeth edge, there is high flux
variation is occur the core losses. The results are compared with
the experimental results.
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