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Fig. 1. Schematic diagram of a cylindrical magnet with mul-
tiple local demagnetization on the surface.
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Table 1.  Material parameters of the two models.
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Fig. 2. (a), (b) Normal magnets of size @40 x 2.5 and
@ 12 x 18 under magnetic field viewing film; (c) the small
magnet is observed to be attracted to the center of the
large magnet after the local demagnetization process at the
center of the large magnet; (d) experiment setup for the

measurement of magnetic induction intensity.
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Fig. 3. The axial magnetic induction intensity B.(z) of a normal magnet. Red dot denotes the experimental data whereas the blue

line denotes the theoretical results: (a) Larger magnet @ 40 x 2.5 ; (b) smaller magnet @ 12 x 18.
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Fig. 4. Model A: Cylindrical magnet with local demagnetization at the center: (a) Diagram of the abnormal magnet; (b) the abnor-

mal magnet under magnetic field viewing film.
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the blue line denotes the theoretical results. (b) The axial magnetic induction intensity B:(z) of a normal cylindrical magnet, an

abnormal magnet and a normal ring magnet, of which the dimensions of the three are the same.
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Fig. 6. Model B: Cylindrical magnet with local demagnetization at both the center and the orbit: (a) Diagram of the abnormal mag-

net. For the convenience of reading, the radii of the four small circles in the figure are doubled. (b) The abnormal magnet under

magnetic field viewing film.
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Fig. 7. (a) Experimental data of axial magnetic induction for abnormal magnets of type A and B; (b) the axial magnetic induction

intensity of the abnormal magnet of type B. Blue circle denotes the experimental data whereas the red line denotes the theoretical

results.
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Fig. 8. (a) The horizontal magnetic induction intensity Bg(z) of the abnormal magnet of type B at z = 3 mm. Red circle denotes

the experimental data whereas the blue line denotes the theoretical results. (b) Comparison of horizontal magnetic induction intens-

ity Bz(z) of the abnormal magnets of type A and B and a normal magnet with the same size at z = 3 mm .
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Table 2.

net and the indicators of corresponding abnormal

The size and magnetization of small mag-

magnet.
INBERRI INHERHEAR R SR RER AR R ROH REARAY
5 /mm /(A-m™) {7 /mm Bs, /mT
®15 x 10 6.565 x 10° 7.5 9.9
®15 x 15 6.614 x 10° 8.0 8.9
®15x 20 6.712 x 10° 8.2 3.4
®10 x 10 6.103 x 10° 7.1 -13.9
®10 x 15 6.207 x 10° 8.0 ~18.8
®10 x 20  6.365 x 10° 8.3 -24.3
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Fig. 9. The axial magnetic induction B;(z) of larger mag-
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surface: (a) The tangential difference By; (b) the axial dif-
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Abstract

This article proposed an equivalent model to calculate the magnetic field of a special multipole magnet.
The special multipole magnet is formed when two permanent magnets of large dimension differences are forced
into contact with the same polarity, after the removal of the small magnet, the large magnet becomes the
multipole magnet. In the process, the interacting force between the two magnets changes from repulsive force to
attractive force as the two magnets approach. Moreover, the reversed pole of the multipole magnet occupies an
area roughly the same as the contact area of the two magnets. Qualitatively, the large magnet possesses a lower
load line than the small magnet, which suggests that the large magnet is prone to irreversible demagnetization,
whereas the small magnet tends to remain unperturbed. Quantitatively, taking axially magnetized cylindrical
magnets as examples, the equations for the magnetic fields were derived based on the magnetizing current
theory under the assumption that the magnetization of the multipole magnet is locally homogeneous. To
validate our equivalent model, two special multipole magnets (model A and model B) have been studied both
theoretically and experimentally. Model A was obtained by a large magnet (@40 x 2.5) demagnetized at the
center by a small magnet (®12 x 18), model B was obtained by demagnetizing model A with 4 extra small
magnets (®6 x 20) at specific symmetrical positions around the center. Measurements for the magnetic
induction intensity of the special multipole magnets are in good agreement with the theoretical calculations.
The results suggested that the special multipole magnets of model A and B are equivalent to ring magnets and
porous magnets, where the near field magnetic induction of the multipole magnets can be adjusted by the small
magnets. In addition, a parameter analysis was carried out to study the influence of small magnets on the
special multipole magnets. The results indicated that the reversed pole behavior of the special multipole magnet
works mainly at positions near the magnet, and decreases rapidly as the observation point moves away from the
reversed area. Our model may provide a theoretical basis and alternative solutions for electromechanical

systems using multipole magnets.
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