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Torque and Efficiency Improvement of High-Speed Cooling-Fan Motor
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This paper presents torque and efficiency improvement of high-speed permanent magnet (PM) motors for
cooling-fans from the view point of the rotor structure. The first candidate is surface permanent magnet (SPM)
motor, which has bonded Nd-Fe-B polar anisotropic magnets in order to obtain large torque and low iron loss. The
second one is interior permanent magnet (IPM) motor, which has a two-layer-type rotor in order to obtain large
reluctance torque. The both PM motors are compared in terms of torque and efficiency by using three-dimensional
finite element method (3D-FEM). The IPM motor, which demonstrates higher efficiency, is prototyped and
demonstrates lager torque and higher efficiency in comparison with a previous cooling-fan motor.
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(b) Polar-anistropic-magnetized
Radial- and Polar-anistropic-magnetized
rotors of SPM motors.
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Fig. 2 Comparison of flux density distribution of the
rotor surface of the SPM motors.
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Fig. 3 Tworlayer-type rotor of the IPM motor.
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Fig. 4 Comparison of flux density distribution of the
rotor surface of the IPM motors.
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(a) SPM (b) IPM
Motor diameter 54 mm
Rotor speed 12600 rpm

Number of turns/pole 48 turns/pole
Magnet pole pairs 2

Gap length 0.5 mm
Material of magnet Bonded Nd-Fe-B
Material of iron core  35A300

Fig. 5 Specifications of SPM and IPM motors.
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Fig. 6 Comparison of characteristics of the SPM
and IPM motors.
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Fig. 7 Rotor core of the prototype IPM motor.

Fig. 8 External view of the experimental setup.
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Fig. 9 Comparison of torque characteristics.
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Fig. 11 Comparison of copper and iron losses.
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Fig. 12 Comparison of calculated and measured
flux density distributions of the rotor surface.

Motor case

Fig. 13 FEM model for calculating eddy current loss
in the motor case.
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Fig. 14 Calculated eddy current loss in the motor
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