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Basic Study on High-Efficiency Drive Method of
Adjustable Field IPMSM Based on Permeability Modulation

Kiyohiro Iwama* and Toshihiko Noguchi (Shizuoka University)

This paper describes a high-efficiency drive method of an adjustable field IPMSM based on permeability

modulation.

The adjustable field IPMSM can control the PM flux linkage, using a magnetic field caused by a

modulation current. In general, it is said that the motor efficiency is high at operating points where the copper loss

and iron loss are balanced. However, the high-efficiency driving range of a conventional PMSM is narrow because
the magnetic field of the PMSM is constant. On the other hand, it is possible in the adjustable field IPMSM to
expand the high-efficiency driving range because the field amount can freely be adjusted by the modulation current.

In this paper, therefore, a control method of an optimal modulation current for a high-efficiency operation is

examined, and its validity is verified through electromagnetic field analyses.
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(a) PMSM with high magnetic field.
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Fig. 1. NT characteristics and efficiency maps.
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Fig. 2. Development view of proposed adjustable field IPMSM.
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Table 1. Specifications of prototype motor.

Number of poles and slots 8 poles and 48 slots
Armature winding and R, 6 turns/ slot, 0.085 Q
Modulation winding and R, 140 turns, 2.1 Q
Stator diameter ¢ 148 mm
Rotor diameter ¢ 96.6 mm
Stack length 63 mm

Stator frame
($5400)

Stator and rotor cores
(35JNE230)

Leakage
magnetic path

. PM
(N39UH)

Rotor shaft
~ (SUS403)

Fig. 3. Rotor core and stator core geometry.
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Fig. 5. IT characteristics of proposed adjustable field IPMSM.
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Fig. 7. Relationship between g-axis inductance and currents.
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