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Ultra-Low-Torque-Ripple PM Motor Using Wide Air-Gap Structure and Non-Uniform Windings
Kohei Matsuura*, Toshihiko Noguchi, (Shizuoka University)

This paper discusses an inner-rotor PM motor that makes both high-average-torque and ultra-low torque ripple
possible at the same time. The motor employs a wide air-gap structure and non-uniform windings to achieve the goal.
However, even a slight eccentricity of the rotor and a manufacturing accuracy give a serious impact to the torque ripple.
In the paper, two types of the eccentricity are focused on, and a technique to suppress the torque variation caused by the

eccentricity is investigated. The proposed technique is examined through a theoretical investigation, an electromagnetic

analysis, and an experimental test, which proves feasibility of the method.
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Fig. 1. Short circuit of harmonic magnetomotive force.
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Fig. 2. Stator windings model.
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Fig. 6. Comparison of cogging torque between analysis and measurement.

i E F DINEE

XA

TYPEA BT rvpEB
X EEOHL OEEFORD A FETOHD

7 {WLOFEIE
Fig. 7. Types of eccentricity.



R, - Stator inner radius
R, : Rotor outer radius
h : Eccentricity value (TYPE A)

& :Position
I, : Air-gap length
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R, : Stator inner radius
R. : Rotor outer radius

s :Position
I, : Air-gap length
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Fig. 8. Geometrically derived air-gap length.
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Fig. 9. Simple diagram of 10p9s motor.
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(b) No windings.
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Fig. 16. Comparison of cogging torque wave forms.
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Fig. 17. Comparison of cogging torque FFT.



