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Development of a large torque motor using a polar anisotropic Sm-Fe-N bonded magnet

Nakamura, Kenji
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In 2012, we examined the optimum configuration of an outer rotor type surface perm
anent magnet (SPM) motor using a polar anisotropic Sm-Fe-N bonded magnet by using finite element method (F
EM). As a result, it was clear that the proposed SPM motor exhibits the same torque as a conventional Nd-F
e-B sintered magnet motor when the number of pole-pairs is increased up to 40 while keeping a ratio of wid
th and length per one magnet 2:1.
In 2013, to further increase the torque, we investigated an interior permanent magnet (IPM) structure. As
a result, it was clear that the proposed IPM motor demonstrates 1.2 times larger torque than a conventiona
I Nd-Fe-B sintered magnet motor, when the IPM rotor has two-layer flux-barrier structure which has small a
mount of Nd-Fe-B sintered magnet in the first layer, while the large amount of ferrite magnet (it has less
flux density than Sm-Fe-N bonded magnet) in the second layer.
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Number of poles 40
Number of slots 30
Diameter 222mm
Axial length 66.4 mm
Gap length 0.3 mm
Number of turns / pole 29 turns
Winding resistance / pole 0.035 Q
Magnet material Sm-Fe-N
Coercive force 520 kA/m
Residual magnetlc flux 074T
density
Recoil permeability 1.13
Thickness 8 mm
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Number of poles 12
Number of slots 18
Diameter 222mm
Axial length 66.4mm
Gap length 0.3 mm
Number of turns / pole 50 turns
Winding resistance / pole 0.059 Q
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Magnet material

Coercive force

Residual magnetic flux density 1.25T  0.74 T

Recoil permeability 1.037 1.13
Thickness 4 mm 8 mm
18 mm
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IPM motor

Number of pole (Stator): 24

Number of pole (magnet): 16

Stator core material: Non-oriented Si steel
Stack length: 40 mm

gap length: 0.8 mm
Permanent magnet

material: Nd-Fe-B(sintered)
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IPM motor

Number of pole (Stator): 24

Number of pole (magnet): 16

Stator core material: Non-oriented Si steel
Stack length: 40mm

gap length: 0.8mm

Permanent magnet

material(inner layer): Nd-Fe-B(sintered)

material(outer layer): ferrite
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