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Flux Barrier Shape for Improving Reluctance Torque of
Distributed Winding Interior Permanent Magnet Motor
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As electrification progresses in various fields, permanent magnet (PM) machines have been attracting attention
because of their compactness, high power, and high efficiency. Among them, interior permanent magnet (IPM)
machines with a rotor core in which permanent magnets are embedded can achieve higher power and efficiency than
conventional PM machines since they can utilize both magnetic and reluctance torque. This paper focuses on
distributed-winding IPM machines, assuming the use of bonded magnets, and investigates various flux barrier
shapes that can improve reluctance torque using the finite element method (FEM).
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Fig. 1 Basic configuration of interior permanent magnet
(IPM) motor.
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Fig. 2 Spec1flcat10ns of distributed-winding IPM motor
used for examination.
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Fig. 3 Flux barrier shapes for comparison (a) flat shape,
1 layer, (b) V shape, 1 layer, (c) arc shape, 1 layer, (d) arc
shape, 2 layers, (e) arc shape, 3 layers.

Table 1 Maximum value of reluctance torque, g-axis &
d-axis inductance, and saliency ratio of each flux barrier
shape.

Maximum

d -axis q -axis
Model reluctance torque | inductance inductance | Saliency ratio
(N - m) (mH) (mH)
Flat shape, 1 layer 18.96 0.48 1.31 2.75
V shape, 1 layer 17.59 0.49 1.25 2.56
Arc shape, 1 layer 18.75 0.48 1.29 2.71
Arc shape, 2 layers 19.52 0.39 1.20 3.05
Arc shape, 3 layers 19.25 0.40 1.23 3.10
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Fig. 4 Flux line diagrams (a) ¢g-axis and (b) d-axis for arc
shape, 1 layer.

shape, 3 layers.
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Fig. 7 Calculated flux lines when rotor has cylindrical
iron core.
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Fig. 8 Example of flux barriers based on magnetic flux
lines shown in Fig. 7.

P Variable | Search range
arameter (mm) name Mo | Max
Depth of flux

pho d | o1 | 1215
barrier
Inner radms of s 6 18.2
second layer

Outer radius of

first laer ds 12.15| 24.2
Inner radms of da 1215 | 242
frst layer

Fig. 9 Parameters to be optimized and their search
ranges.
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Fig. 10 Optimized rotor shape and its dimensions.

Fig. 11 Flux line diagram
optimization.

Table 2 Maximum value of reluctance torque, g-axis &
d-axis inductance, and saliency ratio of each flux barrier
shape.

Maximum

d -axis q -axis
Model reluctance torque |  inductance inductance | Saliency ratio

(N - m) (mH) (mH)
Flat shape, 1 layer 18.96 0.48 1.31 2.75
V shape, 1 layer 17.59 0.49 1.25 2.56
Arc shape, 1 layer 18.75 0.48 1.29 2.71
Arc shape, 2 layers 19.52 0.39 1.20 3.05
Arc shape, 3 layers 19.25 0.40 1.23 3.10
New shape 24.10 0.38 1.47 3.86
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Fig. 12 Rotor shape with thinner flux barrier in the
second layer of the optimized rotor shown in Fig. 10.

Table 3 Maximum value of reluctance torque, g-axis &
d-axis inductance, and saliency ratio of each flux barrier
shape shown in Fig. 10 and Fig. 12.

Maximum d -axis q -axis
Model reluctance  |inductance |inductance | Saliency ratio
torque (N-m) (mH) (mH)
New shape (Fig. 10) 24.10 0.38 1.47 3.86
New shape (Fig. 12) 23.60 0.41 1.46 3.57
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