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In this report, methods for estimating magnetic 
power loss due to harmonic flux, and increased mag-
netic power loss resulting from deterioration of mag-
netic core material, are formulated for application to 
magnetic power loss analysis for inverter-driven motors, 
and are proved effective from the results of analysis. 

The technologies discussed in this report are actu-
ally being applied to enhance the efficiency of perma-
nent magnet motors for air-conditioner compressors, 
drives in factory automation systems, automobiles, 
railway system motors, and turbine generators. 

 
1. Introduction 

“High-efficiency motor” is one of the most important 
factors influencing product competitiveness in today’s 
markets. With permanent magnet motors equipped with 
inverter drive systems, copper loss has successfully 
been reduced to the extreme by employing 
state-of-the-art technologies that include concentrated 
winding and interior permanent magnet structure. For 
further improved motor efficiency, reduction of magnetic 
power loss is indispensable. It is necessary to investi-
gate the employment of high-efficiency materials for 
magnetic cores and the optimization of motor shapes 
and inverter specifications, aimed at reducing magnetic 
power loss, without the need for experimental manu-
facturing.  

In this report, we discuss the new modeling meth-
ods we have developed, taking as an example their 
application to electromagnetic numerical analysis of 
magnetic power loss resulting from harmonics during 
inverter drive operation(1, 2). 

 
2. Calculation Method for Magnetic Power 

Loss by High-frequency Flux(2)

For calculating the magnetic power loss of rotating 
machines, hysteresis loss, Wh, and eddy current loss, 
We, are calculated by conducting frequency analysis of 
the hysteresis of flux density, B, of each element ob-
tained by electromagnetic numerical analysis and ap-
plying the result to the magnetic power loss curve after 
fitting(1). 

fBWh
γα=  (1) 

22 fBWe β=  (2) 

where f is the frequency and α, β and γ are the 
constants obtained from the fitting curve. 

 
When the frequency exceeds several kHz, becom-

ing high frequency, flux and eddy current concentrate 
on the surface of the magnet core due to skin effect, 
which results in an increase in hysteresis loss and a 
decrease in eddy current loss. With the skin depth and 
average flux density in the magnet core sheet of de-
fined as δ and B0, respectively, the hysteresis loss is 
given by the equation below: 
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where t is the sheet thickness of the magnet core. 
 
For an eddy current loss reduction coefficient κ, 

the eddy current loss is expressed as the following 
equation: 

 
κβ 22 fBWe =  (4) 
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where the skin depth, δ, is defined by the following 

equation using the average flux density in the skin 
depth, Bav, and average magnetic field strength, Hav. 
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δ =  (6) 

 
where ρ is the resistivity of the magnetic core. 

Then, Bav is given by the following equation: 
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Figure 1 shows a comparison between the mag-

netic power loss values obtained by the equations 
above and the measured values. The figure clearly 
indicates that the values of high-frequency magnetic 
power loss agree well with the measurements and 
suggests that the calculation method employed is valid 
and effective. 
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Fig. 1 Comparison between calculated values and 

measured values of magnetic power loss in single 
frequency mode 

 
3. Calculation Method for Magnetic Power 

Loss by Fundamental Wave with Su-
perimposed Harmonics(2)

The magnetic core of an actual motor has a flux 
waveform consisting of a fundamental wave and mag-
netic field with superimposed harmonics. For the pur-
pose of this study, the magnetic power loss generated 
in actual motors is classified into five types as listed 
below: 
(1) Fundamental wave hysteresis loss 
(2) Fundamental wave eddy current loss 
(3) Increment in fundamental wave hysteresis loss by 

harmonics 
(4) Harmonic eddy current loss 
(5) Minor loop hysteresis loss 

The minor loop hysteresis loss(3) listed above is 
calculated from the flux density at a point where the 
minor loop is generated and the amplitude of the minor 
loop, as described in the references (3). 

Figure 2 shows a comparison between the meas-
ured values and calculated values of magnetic power 

loss by fundamental wave with superimposed harmon-
ics. It should be noted that the fundamental wave has a 
frequency of 100 Hz and the harmonics have a fre-
quency of 2.5 and 5% of the fundamental. The figure 
clearly indicates sufficient accuracy of the calculation. 
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Fig. 2 Modeling of magnet power loss by fundamental 

wave with superimposed harmonics 
 

4. Calculation of Deterioration in Magnetic 
Core 

The magnetic properties and magnetic power loss 
characteristics of magnetic cores of rotating machines 
deteriorate through machining processes(4). In this 
study, P-type deterioration (using coefficient p) and 
Q-type deterioration (using coefficient q) are considered 
in terms of deterioration of magnetic properties. 

The flux density, Bp(H), resulting from P-type dete-
rioration is given by the following equation, with the 
original BH curve defined as B(H): 

( ) ( ) (HpBHpHBp + )−= 10µ  (8) 

where µ0 is the magnetic permeability of a vacuum. 
The equation is based on the assumption that the 
magnetic core has non-elastic damage near the cut 
surface due to strain by core punching. 

The magnetic flux, Hq(B), resulting from Q-type 
deterioration, with the original BH curve defined as H(B), 
is given below: 

( ) ( ) ( )BqHBqBH q +
−

=
0

1
µ

 (9) 

This equation is based on the assumption that the 
deterioration is caused by residual stress in the com-
pressive direction resulting from shrink fitting or the like. 

Figure 3 shows a comparison between the meas-
ured values obtained when compressive stress (about 
100 MPa) was applied and the calculated values of 
magnetic property considering magnetic core deteriora-
tion from the formulation above. The figure clearly 
indicates sufficient accuracy of the modeling. 
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Fig. 3 Modeling of magnetic property considering mag-

netic core deterioration 
 
For deterioration of magnetic power loss charac-

teristics, coefficient u is calculated likewise. The hys-
teresis loss, Wh, after deterioration is given by the fol-
lowing equation: 

fuBW uh
γα=  (10) 

Bu is expressed by the following equation, using 
the magnetic property after deterioration, Hr(B): 

 
( ) ( )

u
BHuB

B r
u

01 µ−−
=  (11) 

Figure 4 shows a comparison between the meas-
ured values obtained when compressive stress (100 
MPa) was applied and the calculated values of mag-
netic power loss. The figure clearly indicates sufficient 
accuracy of the modeling. 

 
 Measurement 

Fitting 
Measurement without deterioration

Flux density (T) 

M
ag

ne
tic

 p
ow

er
 lo

ss
 (W

/k
g)

 

 
Fig. 4 Modeling of magnetic power Loss considering 

magnetic core deterioration 

5. Analysis of Loss in Rotating Machines 
The measured values of magnetic power loss rep-

resent losses other than copper loss under load, in-
cluding the total mechanical loss and stray load loss in 
addition to loss occurring in the magnetic core. Stray 
load loss includes eddy current loss in rare earth mag-
nets, at magnetic core edges, or frames, and additional 
copper loss due to the skin effect of coil winding sub-
jected to high-frequency current. 

Figure 5 shows a comparison between the meas-
ured values and calculated values of magnetic power 
loss analysis on the permanent magnet motor with the 
total losses mentioned above. The figure clearly indi-
cates sufficient accuracy of the calculation. 
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Fig. 5 Example of magnetic power loss analysis of per-

manent magnet motor 
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