A Study of End-effect on Demagnetization in
Surface Permanent Magnet Motor without Overhang
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In order to compensate the low performance of ferrite magnet, surface permanent magnet mounted (SPM) motor has considerably
thicker magnet than air-gap length, thus end effect, which is determined by the ratio between magnetic air-gap and stack length, is
negligible. As a result, 2-D finite element analysis (FEA), which is not possible to consider end effect, is generally used to ensure
analysis accuracy in SPM motor without overhang structure. However, unlike other analysis such as back-EMF, demagnetization
analysis of SPM cannot be ensured by 2-D FEA, because end effect is no longer ignored. In the demagnetization, magnetic air gap,
which determines the level of end effect, is increased by the fact that the permeability of magnetized magnet is almost similar to
vacuum, thus only 3-D FEA is used to ensure analysis accuracy. We has found this phenomenon by comparison between the results of

2-D and 3-D FEA, and finally we are plan to validate the simulation result by experiment test.

Index Terms— Demagnetization, Surface Permanent Magnet Motor, End-effect, Armature reaction

I. INTRODUCTION

Permanent Magnet (PM) machines have increasingly
received popularity in the domestic and office products
and industrial applications benefiting from higher efficiency
and torque density over the conventional electrically excited
machines [1-3]. In particular, Surface PM mounted (SPM)
machines having many advantages such as low leakage flux,
high cost competitiveness, and high mass productivity.
However, demagnetization, which is produced as a result of
the interaction between PM and armature current, cause
reducing motor performance and undesirable noise, thus has to
be considered in the design of PM motors[4]-[6].

In general, SPM motor has a very small air-gap compared
with stack length, thus end effect, which is determined by the
ratio between magnetic air-gap and motor stack length, is
negligible. As a result, 2-D FEA, which is not possible to
consider end effect, is used to ensure analysis accuracy in
SPM motor without overhang structure. However, unlike other
analysis, demagnetization analysis of SPM motor cannot be
ensured accuracy by 2-D FEA, because end effect is not
possible to be ignored in the demagnetization situation. In the
demagnetization unlike other situation, magnetic air gap is
increased to the summation of mechanical air gap and magnet
thickness by the fact that the permeability of magnetized
magnet is almost similar to vacuum. In conclusion, in order to
analyze the demagnetization of SPM, 3-D FEA, which is
possible to consider end effect, have to be used to ensure
analysis accuracy. Figure 1 shows a conceptual view of the
foregoing description. Figure 1(a) shows the reason that 2-D
FEA is acceptable to consider the performance prediction of
SPM motor. There is a little fringing, because air-gap is
considerably small compared with stack length. In contrast,
demagnetizing flux, which is produced by armature current,
has considerably fringing effect as shown in Figure 1(b),
because the permeability of magnetized magnet is almost
similar to vacuum.
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Fig. 1 Conceptual view for the reason of exiting end effect in demagnetization

1. DEMAGNETIZING FIELD DUE TO END EFFECT

All motor in the world do not have infinite stack length,
thus it cannot but have end effect based on both fringing and
axial leakage flux. However, for the analysis of a motor where
the stack length is considerably larger compared to the air-gap,
2-D simulation such as 2-D FEA is used to ensure acceptable
analysis error. SPM motor, which has sufficient stack length
compared with air-gap, is generally used 2-D FEA to predict
the performance such as back-EMF, output torque, and
efficiency.

The result of 2-D demagnetization analysis is different with
3-D result, because of end effect. Figure 2(a) and 2(b) show
the difference of demagnetizing field distribution due to end
effect. Demagnetizing field in the middle of stack is same with
between 2-D and 3-D, because of symmetry; however, 3-D
field always is smaller than 2-D field in other region except
middle. Figure 2(c) shows demagnetization region in 2-D
analysis, and the demagnetization region in 3-D analysis is
shown in Figure 2(d). The region of demagnetization in 2-D
analysis is always bigger than 3-D analysis, because there is
no end effect in 2-D. Even though after starting of
demagnetization, analysis error between 2-D and 3-D FEA is
not zero, but the current at starting of demagnetization is
identical.
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Fig. 2. Comparison of the demagnetizing field distribution between 2D and
3D simulation. (a) Demagnetizing field distribution according to stack length
in 2D; (b) Demagnetizing field distribution according to stack length in 3D; (c)
Demagnetizing region in 2D; (d) Demagnetizing region in 3D

I1l.  ANALYSIS RESULTS AND DISCUSSION

Figure 3(a) shows the comparison of back-EMF between 2-
D and 3-D analysis results of stack 21mm model, and Figure
3(b) is results of stack 36mm model. There is very small
analysis error. In the stack 21mm, analysis error of between 2-
D and 3-D is 1.38%, and stack 36mm has only 0.7% error,
however, demagnetizing analysis results as shown in Figure
4(a), (b) represent considerably analysis error between 2-D
and 3-D, and especially as the current increases, analysis error
increases. In addition, less the stack length is more analysis
error, because of increasing of end effect. For example, in the
6A current, analysis error between 2-D and 3-D FEA are
3.1%p at 21mm stack and 2.3% at 36mm stack.
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Fig. 3. Comparison of no-load EMF between 2D and 3D simulation in SPM
motor, which has air gap 0.4mm, stack length 36mm, magnet thickness 6mm.
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Fig. 4. Comparison of demagnetization simulation results between 2D and 3D.

IV. CONCLUSION

In generally, 2-D FEA is used to ensure analysis accuracy in
the performance simulation of SPM motor without overhang
structure, however, demagnetization is only possible to be
predicted accurate by 3-D FEA, because demagnetizing field
produced by armature current, which is unlike with magnetic
field from magnet, has considerably fringing phenomenon. In
this paper, this fact, which has been ignored in conventional
literatures, was found by the comparison between 2-D and 3-D
FEA, and we analyze the reason of this phenomenon. In the
same computer, calculation time of 2-D FEA was only a few
minutes, while 3-D FEA analysis time was more than 4 hours.
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