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Abstract—This paper aims to investigate core losses in in- particularly on the fundamental concept of stray load loss,
duction motors running under different loading conditions. The  put we rather aim to use the finite-element method (FEM) to

investigation is conducted using 2-D finite-element methatin- jyastigate the effects of loading on core losses of tworseli
corporating two different core-loss models. The simulatia results . .
cage induction motors.

show that the core losses increase significantly with loadgnand
the effect of slot harmonics on the eddy-current loss and mior

loops can be remarkable. II. METHODS OFANALYSIS
A. FE Governing Equations
. INTRODUCTION Performing a 2-D approach over the solution region results

Electrical machines dissipate power losses under no-lofdthe following:
and loading conditions. It is well understood that incregsi 0A
the load leads to a remarkable rise in copper losses. On the V- VA) +oor = @)

ot
other hand, it is widely misunderstood that increasing el \herey, is the nonlinear magnetic reluctivity,is the electrical

leads to adrop in the core losses. The assumption that coggnqyctivity,t is the time, A and.J, are thez-components of
losses decrease by increasing the load evolved origimalip f e magnetic vector potential and the electric current itigns
the prominent T equivalent circuit by which the core l0s@s gegpeciively. The resulting 2-D FEM equations are coupled
computed as a function of the voltage over the shunt resistan,ith the circuit equations of the stator windings. The rotor

Although it is true that the total flux in the core of angircit (end-ring) is also included in the analysis. Thenski
electrical machine decreases by increasing the load, #88SU effect is modeled in the rotor cage but not in the stator
quent calculation of core losses by the equivalent cirsuitdt - ¢jamentary conductors [5]. The motion of the rotor is modele

correct. The total flux decreases because of the voltage dWchanging the mesh in the air-gap at each time-step. The
occurring over the stator resistance and the leakage flingakyera| system of equations is discretized in time and sbive

place at the end-windings. Usually, slotting, saturatiantor iteratively using the Newton Raphson method.
motion and the driving circuit generate harmonic ripplelie t

machine under no-load and full-load conditions. Howevss, t )

shape and distribution of the fluxes change dramaticalljp wiB: COreé-Loss Computation

loading, leading to an overall increase in the harmonicauaint  In the following, two different approaches for computing th
and an overall decrease in the amplitude of the fundamentare losses are used as a posteriori. In both approaches, the
flux components. Therefore, even though the fundamental flolkaracterization of losses is considered through the gtiedi
components decrease by increasing the load, the core los¥ethe three well-known power loss components: hysteresis,
will increase as a result of the increase in the flux distogio Py, excess e, and eddy-current?’;, losses.

and higher harmonics [1]-[4]. 1) Simplified Approach:Using this approach, the eddy-

In the conventional calculations of power losses in eleeurrent loss is computed using the classical approach under
trical machines, usually, a compensating vague term nanibé assumption that the flux is uniform and independent of
as “stray load loss” is added as a function of the load #fie material characteristics (no skin-effect). The hystisrand
order to compensate for the additional losses generateleby gxcess losses are computed in the absence of minor loops
higher harmonics in the stator and the rotor. Such calanati based on the method proposed in [6]:
however, produces a gross estimation of the losses because _ ~
stray load loss is defined in the Standards as that portion of Phy B Phomax + Ph-rmi“[R(?maX) -1
losses that is not accounted for by the sum of core loss,rstato Pex = Pe.masx + Pemin[R(Bmax) — 1]
and rotor resistive losses, and friction and windage losseghereP, max, Ph min, Pe,max aNdPe min are, respectively, the
The vagueness of this definition has left many manufacturistatic and excess power losses calculated along the orhbgo
companies of electrical machines struggling how to deah witlirections defined by the majadB,,., and minor B,,;, axes
the core losses. In this paper, however, we will not focuef the flux density ellipse [7]Bmax is the peak ofB,,.x. The
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(a) No load (b) Full load

(c) No load (d) Full load

Fig. 1. Distribution of the core losses computed by the adedrmodel for
the 15-kW motor (top) and the 37-kW motor (bottom). Sameeseas used
in the plots. The darker the color is the higher density oflos
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Fig. 2.  No-load core losses of the 37-kW motor computed by Faid
compared with experiments.
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Fig. 3. Core losses computed by the advanced model at diffaiips.

correction functionR is deduced by experiments on material

Maxwell’s laws in which the edge effects are neglected
0?H,(z,t) 0B, (z,t)
g

922 ot (3)
0Hy(z,t)  0B,(z1)
022 7 ot ()

wherez is the axis of the lamination depth, perpendicular to
the magnetic field that rotates in they plane. The time-
dependent equations (3) and (4) are formulated using a two-
component magnetic vector potential, discretized by FEM,
and solved iteratively using the fixed-point method [5]. The
hysteretic and viscosity effects are taken into accoumntguai
dynamic vector Preisach model.

IIl. RESULTS

The core losses have been simulated and investigated under
various loading conditions for two 4-pole, 50-Hz, 380-V
induction motors of different shaft powers (15 kW and 37 kW)
and different rotor-cage topologies (see Fig. 1). The ¢oss-
models are first validated by experiments performed on the
motors at no load with different operating voltage levekse(s
Fig. 2). The results of the advanced model showed excellent
agreement with the experimental results in the whole veltag
range. The results of the simplified approach showed reason-
able agreement up till the rated voltage. At higher voltages
however, the influence of skin-effect and the inaccuraaies i
estimating hysteresis losses become more pronounced.

Simulations carried out for the motors at different slips ar
shown in Fig. 3. The 15-kW motor has a rotor-cage with semi-
open slots while the 37-kW motor has a deep-bar rotor with
closed slots. At no load, the 37-kW machine generates less
harmonic ripple because minor changes occur in the reloetan
of the magnetic path at the airgap during the movement of the
rotor. At full load, when the machine draws more current, the
iron in the closed-slot side saturates because of the magnet
field generated in the rotor. Such a behavior is affirmed by
the change in the loss density shown in Fig. 1 between the
no-load case and full-load case.
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