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Optimum Design of Outer-Rotor Permanent-Magnet Motor
with Hollow, Large Diameter and Flat Structure
Mikito Sasaki, Student Member, Toshihiko Noguchi, Member (Nagaoka University of Technology)

This paper describes an optimum design of an outer-rotor permanent-magnet motor with a hollow, large diameter and flat

structure, which is applied to a cylindrical display. Design requirements and a basic configuration of the motor are discussed,

and FEM electromagnetic-field analyses are conducted to optimize the detailed shape of the motor. Every dimensions

investigated in these analyses are determined to achieve higher power density without sacrificing the motor efficiency. As a

result, the electrical efficiency and the power density of the designed motor are 93.2 % and 8.08 W/kg, respectively.
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Fig. 1. Schematic diagram of cylindrical display.
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Table 1. Design specifications of outer-rotor PM motor drive.

Inverter DC-bus voltage (V) 270
Rated power (W) 200
Rated torque (Nm) 9.55
Rated speed (r/min) 200
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Fig. 2. Relationship between frame rate and LED array count.
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Fig. 3. Overview of investigated outer-rotor PM motor.
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Table 2. Motors with three permeance coefficients.

Motor type #1 #2 #3

Permanent magnet thickness (mm) 4 5 6

Air-gap length (mm) 6 5 4
Permeance coefficient 0.557 | 0.818 1.19
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Fig. 4. Loss and motor efficiency with respect to permeance coefficient
of 48-pole model.
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Fig. 5. Cross-section diagram of stator and rotor.
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Fig. 6. Power density and loss with respect to stator yoke width of

48-pole model.
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Fig. 7. Power density and loss with respect to teeth width of 48-pole
model.
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Fig. 8. Power density and loss with respect to teeth tip width of 48-pole
model.
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Fig. 9. Power density and loss with respect to slot depth of 48-pole
model.
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48-pole model.
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Fig. 11. Relationship between magnet pole number and efficiency.
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Table 3. Electrical and mechanical parameters of designed motor.

Rated current (A) 1
Phase number 3
Pole number 48
Stator winding configuration Concentrated winding
Winding turns (turns/phase) 70
Winding resistance (mQ) 138
Stator slot number 36
Stator inner diameter (mm) 1000
Stator outer diameter (mm) 1070
Rotor inner diameter (mm) 1084
Rotor outer diameter (mm) 1104
Stator teeth width (mm) 10
Stator and rotor stack length (mm) 50

0.35-mm thickness,
Bmax =1.65 (T)
Barium ferrite

Electromagnetic steel sheets

Permanent magnet
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