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Calculation of Dynamic Characteristics of Variable Flux Memory Motors
based on Reluctance Network Analysis
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Variable flux memory motors achieve a wider operating speed range without the need for flux weakening control by
regulating the magnetization of permanent magnets. To design these motors to have higher performance, a fast and
accurate analysis method is required. Reluctance network analysis (RNA) can be applied to characteristic calculations
of various electric machines, due to advantages such as a simple model, fast calculation, and easy coupling with
external electric circuits and motion equations. This paper presents the results of calculating the dynamic
characteristics of a variable flux memory motor using RNA.
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Motor diameter | 261.1 mm
Axial length 61 mm
Air gap 0.8 mm
Magnet length 5 mm
Core material 35A300
Numbcr of 100
windings/pole
Winding
; 1Q
resistance/phase

Fig. 1 Specifications of variable flux memory motor.
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Fig. 2 Schematic diagram of RNA model for one slot of
variable flux memory motor (/s : [y=5: 5).
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Fig. 3 Comparison of approximated B-H curves obtained from
Egs. (1) and (2).
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magnets with high and low coercive forces.

Schematic diagram of B-H loops of permanent
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Fig. 5 Linear hysteresis model of variable flux magnet.
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Fig. 6 Enlarged view of rotor magnet part of RNA model.
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Fig. 7 Calculated current versus torque characteristics

with fixed magnetization of variable flux magnets.
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Fig. 8 Calculated torque waveforms with dynamically

changing magnetization of variable flux magnets.

Table 1  Average torque for each magnetization of
variable flux magnets.
Current RNA FEM
pulse (A) | (N-m) (N-m) € (%)
+300 30.0 24.6 13.8
—45 1.45 10.0 -22.0
+500 429 38.9 10.4
—25 21.0 235 —6.61

Residual magnetic flux
density (T)

10 15 20 25 30 35 40 45
Rotor angle (deg)

0 5

(a) After demagnetization (¢ =70 ms)
1.5

1}

density (T)
= 5

Residual magnetic flux
e

0 5 10 15 20 25 30 35 40 45
Rotor angle (deg)
(b) After magnetization (¢= 110 ms)
Fig. 9

distributions after demagnetization and magnetization.

Calculated residual magnetic flux density
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Fig. 10 Contour diagram of flux density and flux lines

while magnetization of variable flux magnets is changing.
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Fig. 11 Schematic diagram of RNA model for one slot of
variable flux memory motor (s : [y =8 : 2).

Table 2 Average torque for each division ratio of stator

pole.
Current 5:5 7:3 8:2 9:1 FEM
pulse (A) | (N-m) (N-m) (N-m) (N-m) (N-m)
+300 30.0 26.8 24.3 20.2 24.6
—45 1.45 5.19 7.74 10.1 10.0
+500 429 409 38.2 333 389
-25 21.0 222 22.6 23.1 235
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Time (ms)
Fig. 12 Calculated torque waveforms with modified
RNA model.
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Fig. 13  Calculated residual magnetic flux density

distributions after demagnetization and magnetization
with modified RNA model.
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