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Evaluation and Analysis of Irreversible Demagnetization of Rotor
Magnets under High Temperature in an Interior Permanent Magnet

Synchronous Motor for Automotive Drives

Jumpel HINATA, Takuma MINAMIYAMA and Takao YABUMI

Synopsis

This paper describes a study on an IPM-SM for hybrid vehicles using hot-deformed magnets with an arc shape and radial
orientation. Using this IPM-SM, demagnetization evaluation experiments and demagnetization analysis were carried out for
the magnet at high temperatures. As a result, demagnetization of the magnet mounted on the rotor was confirmed when the
magnet was exposed to an inverse magnetic field applied from the stator in a high-temperature environment. Furthermore, in
the demagnetization analysis, the demagnetization phenomenon was obtained using the experimental current waveforms and the
magnet temperature, and the difference between the analytical and the experiment results was examined. As a result, it was found
that the demagnetization level of the analysis was underestimated compared to the experimental results, and that the difference
was not negligible in the design of demagnetization resistance.
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Fig. 1. Cut view of test motor.

Table 1. Specification of test motor.

Item Values Unit
Maximum power 80 kW
Maximum torque 172 Nm
Max. phase current 180 Arms
Stator outer diameter 215 mm
Number of stator slots 48 -
Rotor outer diameter 140 mm
Number of rotor poles 8 -
Stack length 60 mm
Magnet type Ho’t\]gfa;cgr_rged -
Orientation direction Radial -
Br @ R.T. 1.33 T
He, @ R.T. 1670 kA/m
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Fig. 2. Attachment position of thermocouples.
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Fig. 3. Photograph of high capacity dynamometer.

Table 2. Thermal test conditions.

ltem Values
Setting temperature 151, 156, 161, 169 [C]
Hold time 10 [h]
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Fig. 5. Relationship between magnet surface temperature

and chamber setting temperature.
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Fig. 6. Evaluation flow of thermal demagnetization.

Table 3. Temperature chamber conditions.

ltem Values
Setting temperature 150, 160, 170 ['C]
Hold time 10 [h]

Table 4. Demagnetized current conditions.

ltem

Values

Current /" Phase angle

180 [Arms] ./ 90 [° ]
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Fig. 7. Measured instantaneous current and reference

current waveforms.

Table 5. Simulation conditions.

BAEOBREREIZIMEE L2, $X_CHE—OMHE
=5 & A, RCIRED SRR S 7.

ltem

Values

Current,”Current lead angle

192 [Arms] 90 [° ]

Magnet temperature

135, 143, 152 [C]
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Fig. 9. Measurement results of demagnetization curves

and plot data.
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Fig. 10. Results of demagnetization ratio (test and

simulation).
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