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Many servers for communication base stations are being installed in order to develop information

technology (IT). The servers require not only high-performance processer but also their cooling system.

Among the cooling systems, a cooling fan is the most suitable due to good balance between performance and

cost. This paper investigates efficiency improvement of an outer-rotor-type high-speed permanent magnet

(PM) motor for the cooling-fan. From the viewpoint of rotor structure, three kinds of the PM motors, which

are surface permanent magnet (SPM), interior permanent magnet (IPM), and inset permanent magnet

(InPM), are designed and compared in terms of torque, eddy current loss, and efficiency by using
three-dimensional finite element method (3D-FEM). The results reveal that the IPM motor with divided

magnets in the circumference direction has the highest efficiency.
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Table1l Comparison of specifications of a present cooling
fan motor and target values.

Present Target values
Motor diameter 54 mm 54 mm or less
Rated torque 57 mN m 200 mN ‘'m
Rated speed 9000 rpm 12600 rpm
Mechanical output 54 W 264 W
Efficiency 80 % 93 %
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Fig. 1 Schematic diagram of an SPM motor and the

magnetization direction of the magnet.
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Table 2 Specifications of the SPM motor.

54 mm

Stator : 11.9 mm
Rotor : 19.5 mm
12600 rpm

28 turns/pole

Dimensions
Stack length

Rotor speed
Number of turns/pole

Magnet pole pairs 2
Gap length 0.5 mm
Magnet length 2.0 mm

Material of iron core 35A300

(a) IPM motor

(b) InPM motor
Fig. 2 Schematic diagram of the IPM and InPM

motors.
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Fig. 3 Comparison of calculated characteristics of the SPM, IPM, and InPM motors.
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(b) Divided
Fig. 4 Schematic diagram of the IPM motor with and
without magnet division.
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Fig. 5 Comparison of characteristics of IPM motor.
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