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Due to the high cost and unstable supply chain of rare-earth magnets, interest in ferrite-based motors has been increasing. Although
ferrite magnets offer significant economic advantages, their low remanence and coercivity lead to performance degradation. To
compensate for these drawbacks, spoke-type flux-concentrating structures are employed to enhance the air-gap flux density. However,
assembling pre-magnetized magnets in spoke-type motors is challenging and reduces manufacturability. Therefore, post-assembly
magnetization is required to improve production efficiency. In flux-concentrating rotor structures, the magnets are deeply embedded
inside the rotor, making it difficult to achieve the target magnetization level after assembly. This study proposes an optimized
magnetizing yoke structure with auxiliary poles that enables five-division post-assembly magnetization, fully suppresses irreversible
demagnetization of non-target magnets, and achieves a magnetization rate exceeding 99%. Finite element analysis (FEA) of a 10-pole
ferrite rotor confirms that the proposed structure provides excellent post-assembly magnetization performance while effectively
minimizing irreversible demagnetization.
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Fig. 1. (Color online) Design of 10 pole 15 slot spoke-type permanent magnet motor.



- 366 - HIE A3 29 F 53] £ A s A4 A7 -olsd - UER - 14B5
Table 1. Spoke-type permanent magnet motor specifications.
Content Value Unit
Stator / Rotor 50PN470 -
. Coil Copper -
Material Magnet Ferrite (SSM-K10iH) -
Shaft SUS303 -
Outer / Inner diameter of stator 90 / 59 mm
Size Outer / Inner diameter of rotor 58 / 14 mm
Stack length 90 mm
Pole / Slot 10 / 15 -
Rated speed 3,600 rpm
Specification No-load back EMF 165.4 Vims
Torque 2.1 N-'m
Efficiency 91.9 %
II. AZ38 APXNM MST| A ] AF3H(magnetization)} A}Er LE(flux density)
U 2o Aog Yed 5 o)
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Fig. 2. (Color online) Illustration of domain magnetization progression under increasing external magnetic field.
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Fig. 3. (Color online) Magnetic material characteristics for magnetization analysis (a) second and third quadrant B-H curve, (b) initial

magnetization B-H and M-H curve.
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Fig. 4. (Color online) Geometric design parameters of the magnetizing yoke assembly.
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Table I1. Magnetization analysis specifications.

Content Value Unit
Magnetizing yoke core S0PN470 -
Maximum charging voltage 3500 A\
Maximum condenser capacity 3000 ny

Outer Diameter of Winding

(Bared / Double-Edge Chamfered) 18 /2.6 mm

Magnetizing field 555 kA/m
Demagnetization field —365 kA/m
Maximum allowable peak current 14 kA
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Fig. 5. (Color online) Magnetization field distribution according to the number of magnetizing steps (a) 1 time, (b) 2 time, (c) 3 time, (d) 5 time

magnetization.
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Fig. 6. (Color online) 3 time magnetization analysis result (a) conventional model, (b) model with auxiliary pole.
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Fig. 7. (Color online) Influence of auxiliary pole winding(APW) turns on magnetization characteristics (a) 1 turn, (b) 6 turns, (c) 7 turns.

Table III. Results of magnetization analysis with applied auxiliary pole turns.

=371 -

Content 1 Turn 6 Turn 7 Turn Unit
Maximum applied peak current 14,300 128,00 12,500 Apeak
Post-assembly magnetization rate 99.5 71.5 69.2 %
Irreversible demagnetization rate 9.7 0.5 0 %
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Fig. 8. (Color online) 5 time magnetization analysis result (a) conventional model, (b) model with auxiliary pole.
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Fig. 10. (Color online) Post-assembly 5 time magnetization results with a 3 turns auxiliary pole winding (a) APW model, (b) proposed model.
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Table IV. Results of final proposed model.

Content 3 Turn Unit
Maximum applied peak current 12,700 Apcak
Post-assembly magnetization rate 99.6 %
Irreversible demagnetization rate 0 %
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