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Permanent magnet motors use powerful neodymium sintered magnets, which contain dysprosium (Dy), a
heavy rare earth, to improve the coercive force in general. We have been studying heavy rare earth-free motors using
bonded magnets. In this paper, the torque characteristics of a motor using Dy-free samarium-iron-nitrogen
(Sm-Fe-N) bonded magnets were calculated using the finite element method, aiming for torque characteristics
comparable to those of a motor using neodymium sintered magnets. This study shows that a motor using Sm-Fe-N
bonded magnets can output torque close to that of a motor using neodymium sintered magnets by changing the
magnet arrangement of the rotor from a V-shape to a U-shape to increase the magnet surface area and to eliminate

leakage flux at the flux barrier.
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Fig. 1 V-shaped model.

Table 1 Motor Specifications and analysis conditions.

Parameters Values (a) V-shaped model using Nd-Fe-B sintered magnet
Core material 20JNEH1200
Nd-Fe-B sintered
B.=129T
Hep =905 kA/m, He= 1493 kA/m)
Sm-Fe-N bonded
B.=086T
Hes= 642 kA/m, H; = 1763 kA/m
Coil Copper

Flux density [T]

2.0000
1.9000
1.8000
1.7000
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11000
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0.9000
0.8000
0.7000
0.6000
0.5000
0.4000
0.3000
0.2000
0.1000
0.0000

Permanent magnet material

Winding diameter [mm] 1.1

Stator outer diameter [mm] 107

Stator inner diameter [mm] 61

Rotor outer diameter [mm] 60

Rotor inner diameter [mml] 15
Gap width [mml 0.5 (b) V-shaped model using Sm-Fe-N bonded magnet
Stack length [mm] 20 Fig. 2 Magnetic flux density distribution diagram.

Number of poles 6

Number of slots 9

Number of winding turns/slot 75

—e—20A
Power supply voltage Vpe [V] 270
——15A

Frequency [Hz] 250 st
Current amplitude [A] 20 oA
Current density [Arms/mm?] 4.96
Rotational speed [rpm] 5000

—a—5A

Torque [N-m]
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Fig. 4 Comparison of torque characteristics between Nd-Fe-B
sintered magnet motor and Sm-Fe-N bonded magnet motor.
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Fig. 5 Leakage flux at flux barrier.
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Fig.6 Change of magnet shape.
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Fig. 9 Torque versus current phase angle characteristics of
proposed U-shaped model.
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Fig. 10 Comparison of torque characteristics between Nd-Fe-B
sintered magnet motor and proposed U-shaped Sm-Fe-N

bonded magnet motor.
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Fig. 11 Comparison of torque-current characteristics.
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Fig. 13 Part analyzed for study on demagnetization.
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Fig. 14 Demagnetization characteristics in magnetization
direction at 24 °C.
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Fig. 15 Relation between two flux density vectors in
magnetizing direction.
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Fig. 16 Demagnetization characteristics when 60A was applied.
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