
Abstract—In this paper, the electrical loss of an A.C. 

electromagnet is analyzed by considering the eddy current in the 

silicon steel sheet of the laminated cores using parallel computing. 

Furthermore, the effectiveness of this analysis is clarified through 

the comparison between the analyzed and measured results. 

Index Terms—3-D finite element method, A.C. electromagnet, 

silicon steel sheet of laminated cores, loss characteristics, parallel 

computing 

I. INTRODUCTION 

It is desired for the optimal design of the electromagnets to 

clarify the electrical loss using numerical analysis. However, it 

is not easy to analyze the electromagnets considering the eddy 

current in the laminated cores, because it takes a lot of 

computing time and memory. 

In this paper, the electrical loss of an A.C. electromagnet is 

analyzed by considering not only the eddy current in the 

laminated cores but also that in the laminated cores from the 

shading coil using parallel computing. Furthermore, the 

effectiveness of this analysis is clarified through the 

comparison between the analyzed and measured results. 

II. ANALYSIS METHOD 

A. Magnetic field analysis 

The fundamental equations of the magnetic field can be 

written by the magnetic vector potential A and the electrical 

scalar potential φ  as follows [1]: 
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where ν is the reluctivity, J0 is the exciting current density, Je 

is the eddy current density, and σ  is the electrical conductivity. 

The detail of parallel computing for the magnetic field 

analysis coupled with the voltage equation is described in [2]. 

B. Electrical loss calculation 

The hysteresis loss is estimated by time variations of the 

calculated flux density [3]. 

When the lamination is taken into account, the eddy current 

loss Wed in the shading coil and the silicon steel sheet of the 

laminated cores is given as follows: 
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where τ is the time period of the eddy current waveform, and 

Ve is the region of the conductor with the eddy current.  

When the lamination is not taken into account, the eddy 

current loss in the cores is estimated by time variations of the 

calculated flux density [3]. 

III. ANALYZED MODEL AND CONDITIONS 

Fig. 1 shows the analyzed model. The analyzed region is 

1/4 of the whole region because of symmetry. 

In this paper, the electrical loss of the A.C. electromagnet 

is analyzed using the coarse 3-D finite element mesh and the 

fine one under the condition that the sinusoidal voltage is 

applied to the coil when the armature and the stator is closed. 

When the fine mesh is used, the lamination of the armature and 

the stator cores is taken into account, and the eddy current is 

considered not only in the shading coil but also in the 

laminated cores. On the other hand, when the coarse mesh is 

used, the lamination of the cores is not taken into account, and 

the eddy loss in the core is estimated by time variations of the 

calculated flux density. 

IV. RESULTS AND DISCUSSION 

Fig. 2 shows the distribution of the eddy current loss of the 

cores. When the lamination is not taken into account, there is 

little difference of the distribution between the upper and the 

center section and that between the armature and the stator 

core. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1. Analyzed model. 
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On the other hand, when the lamination is taken into 

account, there is a difference of the distribution between the 

upper and the center section. Especially, the distribution is 

concentrated at the stator core. This is due to the eddy current 

flow from the shading coil into the laminated cores. 

Fig. 3 shows the distribution of the hysteresis loss. 

Regardless of whether the lamination is taken into account or 

not, the distribution between the upper and the center section 

and that between the armature and the stator cores show the 

similar tendency. 

Fig. 4 shows the loss characteristic, which are normalized 

by the value of measured results. The copper loss and the eddy 

current loss of the shading coil are dominant in the electrical 

loss. The discrepancy between the calculated and the measured 

electrical loss becomes small by taking into account the 

lamination. 

Table I shows the discretization data and CPU time. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Loss characteristics. 

TABLE I 

DISCRETIZATION DATA AND CPU TIME 

 Coarse mesh Fine mesh 

Number of elements 435,675 10,153,998 

Number of nodes 077,090 01,725,444 

Number of edges 521,548 11,945,203 

Number of time steps 
144 (total) 

36 (1 cycle) 

CPU time (hours) 15.9*1 100.7*2 

Computer used : *1Intel Core i7 (3.40GHz)*16 

Computer used : *2Intel Core i7 (3.40GHz)*16 
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Fig. 2. Distributions of eddy current loss of cores. 
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Fig. 3. Distributions of hysteresis loss. 
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