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Efficiency Improvement of Outer-Rotor-type
High-Speed PM motor with Segmented-shaped Rotor
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Cooling fans are widely used in communication base station servers because they have a good balance
between cooling performance and cost. Nowadays, cooling fans are required to be improved their cooling performance.
Thus, the output power and efficiency of the fan motors should be improved. In a previous paper, a novel segment PM
motor was proposed, which has segmented cores and permanent magnets in the rotor. The proposed PM motor has
large torque and less eddy current loss in magnets. The prototype tests clarified that the proposed PM motor has
higher power and efficiency than a conventional fan motor. However, the measured mechanical loss was larger than
the expected one. This paper presents a simple method for estimating the mechanical loss of the proposed PM motor.
Furthermore, the mechanical loss improvement by the lightweight of the rotor core and case is discussed.
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N Motor diameter 40 mm
/ @ Stack length 20 mm
@ @ \ Rotational speed 30000 rpm
| Rated torque 60 mN-m
| Material of magnet Sintered Nd-Fe-B
@ @ / Amount of magnet 1597.1 mm?®
\ CD l Material of iron core 10INEX900
ﬂ Current phase angle 15 deg

Fig. 1 Specifications of a prototype segment PM motor.
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Fig. 2 Comparison of measured and calculated

characteristics of the prototype segment PM motor.
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(b) The measuring motor, PMSM, and torque meter

Fig. 3 Experimental setup for measuring the mechanical loss

of the prototype segment PM motor.
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Fig. 4 Appearance of the measuring motor used for

mechanical loss measurement (Shaft only).
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Fig. 5 Rotational speed vs mechanical loss (Shaft

only).

(b) Assembly
Fig. 6 Appearance of the measuring motor used for

(a) Rotor case

mechanical loss measurement (Shaft + rotor case).
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Fig. 7 Rotational speed vs mechanical loss (Shaft +

rotor case).

Fig. 8 Appearance of the rotor of the prototype

segment PM motor.
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Fig. 9 Estimated rotational speed vs mechanical loss

of the prototype segment PM motor.
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Fig. 10 Mechanical loss breakdown.
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Fig. 12 Flux lines and contour diagram of flux density

of the improved segment PM motor.
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Fig. 13 Comparison of torque and mechanical loss of the

previous and improved segment PM motors.
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Fig. 14 Appearance of rotor case.
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Fig. 16 Schematic diagram of the segment PM motor

after lightweight.
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Fig. 17 Comparison of characteristics of the segment

PM motor before and after lightweight.
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