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Investigation of Loss Minimization Design Using Permeance Method for Permanent Magnet Synchronous Motor

Daisuke Sato™, Jun-ichi Itoh (Nagaoka University of Technology)

This paper proposes that the lowest loss point is calculated in short time when the machine parameter of the permanent magnet

synchronous motor is changed. First, the lowest loss point is inferred by an approximation of the motor loss using the permeance

method based on a magnetic equivalent circuit. Next, the motor loss is accurately analyzed by the FEM near the lowest loss point

in order to confirm the validity of the proposed magnetic equivalent circuit. Therefore, the loss analysis time of the proposed

method becomes shorter than that of the only FEM. Further, the iron loss is calculated by the permeance method. As a result, the

error of the calculation results between the permeance method and the FEM is 2.9%. On the other hand, the motor losses are

calculated by the permeance method when the some machine parameters are changed. As a result, these results agree in principle

with that of the FEM. Therefore, the validity of the proposed method is confirmed. In addition, the method of the motor design is

considered in terms of the loss.
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Fig. 1. Optimization design concept using

equivalent magnetic circuit and FEM.
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Fig. 2. Concentrated winding IPMSM model.

TABLE I Parameters of concentrated winding IPMSM.

Core 35H300 / Nippon Steel
Magnet NMX-41SH / Hitachi Steel
Number of poles 12
Number of slots 18
Coil turns per teeth 11
Outer diameter of stator 100 mm
Inner diameter of stator 66 mm
Outer diameter of rotor 64 mm
Inner diameter of rotor 25 mm
Air gap length 1 mm
Iron stack length 50 mm
Magnet dimensions 12.5mmx 25mmx 4mm
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Fig. 3. Magnetic equivalent circuit of rotor.
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Fig. 4 Magnetic equivalent circuit of stator.
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TABLE II Calculation Conditions.

Armature current 18 A
Motor speed 3600 r/min
Electrical frequency 360 Hz
Teeth 7.0x10" A/Wb
Magnetic resistance Yoke 5.9x10* A/Wb
Gap 3.4x10° A/Wb

Fig. 5 FEM model of the concentrated winding IPMSM.
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Fig. 6. Waveform of magnetic flux density by

permeance method and FEM.
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Fig. 7. Harmonic component of magnetic flux density.
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Fig. 8 Iron loss curve (35H300 / Nippon Steel).
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Fig. 9 Motor loss measurement system.
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Fig. 11 Measurement result, calculation result and
analysis result by FEM of iron loss (3600 r/min, 2.3 Nm).
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Fig. 12 Schematic of the changing radial direction length D

Volume is constant.

and axial direction length L.
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Fig. 13 Motor loss by the changing radial direction length

and axial direction length based on the constant volume.
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Fig. 14 Schematic of the changing teeth width.
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Fig. 15 Motor loss by the changing teeth width

based on the constant diameter.
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