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Design Studies on an Interior Permanent Magnet Synchronous Motor

with Shape- and Orientation-Controlled Hot-Deformed Neodymium

Magnets for Automotive Traction Drives
Ryuji TAKAHASHI, Jumpei HINATA and Yoshiaki KANO

Synopsis

This paper presents a design study of an interior permanent magnet synchronous motor (IPMSM) for automotive traction
applications using shape- and orientation-controlled hot-deformed Nd-Fe-B magnets. Crescent-shaped magnets arranged along
the vector potential contour lines, that occur only when excitation with g-axis current is applied to a uniform-permeability rotor,
are used to enhance reluctance torque. In addition, the controllability of the magnet shape and magnetic orientation inherent to
hot-deformed magnets is used to improve demagnetization resistance under high-temperature conditions. The motor performance

and demagnetization characteristics were evaluated using two-dimensional finite element analysis assuming automotive

operating conditions. The results showed significant improvements in maximum torque and output power compared with a

reference motor. Furthermore, the results of experimental tests using a prototype motor demonstrated good agreement with the
analytical results, confirming the effectiveness of the proposed design approach.
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Fig. 1. Vector potential contour lines.
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Table 1. Specifications of the reference motor.

Item Value Unit
Stator outer diameter 210 mm
Rotor outer diameter 137 mm
Stack length 79 mm
Air gap length 0.75 mm
Number of stator slots 48 -
Number of rotor poles 8 -
No. of winding turns 6 turns
DC link voltage 600 Vdc
Max. phase current 180 Arms
Magnet type Holt\]gﬁi%r_rged -
Br @R.T. 1.34 T
HcJ @R.T. 1675 kA/m

Stator core

Permanent magnet /\
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Fig. 2. Cross-section of the reference motor.
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Fig. 3. Torque and power vs. rotation speed
characteristics of the reference motor.
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Fig. 4. Demagnetization ratio vs. magnet temperature
characteristics of the reference motor.

(b) Reference motor

(c) Crescent-shaped

Fig. 5. Flux lines under g-axis current only.
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Fig. 6. Comparison of three-layer IPM motor configurations using different magnet shapes.
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Fig. 8. Permeance coefficient of the three-layer IPMSM
with crescent-shaped magnets.
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Fig. 9. Magnetic field vectors around the enlarged third-
layer crescent-shaped magnet.
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Fig. 10. Magnetic field vectors around the enlarged
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Fig. 11. Permeance coefficient inside the enlarged
third-layer shape- and orientation-controlled
crescent magnet.
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Table 2. Magnet specifications of the reference and
designed motor.

ltem Reference | Designed Unit
Magnet type Holt\]g_elizliréled - -
Br @R.T. 1.34 — T
HcJ @R.T. 1675 -~ kA/m
Magnet shape | Rectangular | Crescent
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Magnet volume 1 -~ p.u.
S

N

Permanent magnet

Fig. 12. Cross-section of the designed motor.
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Fig. 13. Torque and power vs. rotation
speed characteristics.
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Fig. 14. Demagnetization ratio vs. magnet temperature
characteristics.
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Fig. 15. Photograph of test rotor.
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Fig. 16. Photograph of high-capacity dynamometer.
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