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Loss Minimization Design Using Permeance Method for Interior Permanent Magnet Synchronous Motor
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In this study, the lowest loss point is calculated using the permeance method when the machine parameters of the
interior permanent magnet synchronous motor are changed. Using the proposed method, the motor loss is easily
calculated compared to the conventional method. The periodic change in the magnetic resistance in the air gap
according to the rotation of the rotor does not need to be considered because the magnetic equivalent circuits of the
rotor and stator are separated. In this study, the motor loss is calculated by the proposed method and a finite element
method (FEM). As a result, the error in 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 some machine parameters are
changed. As a result, these results agree in principle with those of the FEM. Therefore, the validity of the proposed
method is confirmed. In addition, the method for motor design is considered in terms of the loss.
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Fig. 1  Flowchart of loss minimization design for
IPMSM.
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Fig. 2 Concentrated winding IPMSM model.

Table 1 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 12.5 mmX25 mmX4 mm
[ 1
Rm

S — Reat Rw[]

Fig. 3 Magnetic equivalent circuit of rotor.
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Fig. 4 Proposed magnetic equivalent circuit of stator.
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Table 2 Calculation Conditions.

Armature current 18 Arms
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

Magnetic flux density [T]

Fig. 7

FEM model of the concentrated winding
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Fig. 9 Harmonic component of magnetic flux density.
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Fig. 13 Measurement result of IPMSM loss at 3600
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Fig. 14 Measurement result and calculation result by
permeance method and FEM of iron loss (3600 r/min, 2.3
Nm).
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(b) 16 poles 24 slots
Fig. 15 IPMSM models of changing pole number.
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Fig. 16 Motor loss by the changing pole number and

slot number based on the constant volume.
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Fig. 17 Schematic of the changing radial direction

Volume is constant.
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Fig. 18 Motor loss when the radial direction length and
the axial direction length are changed based on the

constant volume.
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g. 19 Schematic of the changing teeth width.
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Fig. 20 Motor loss when the teeth width is changed
based on the constant volume.
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