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Characteristic Analysis of IPMSM for Electric Vehicle Propulsion
With Variable Operating Condition Based on Numerical Analysis
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(Chae-Young Im - Sang-Yong Jung - Cheol-Gyun Lee)

Abstract - This Paper presents characteristic analysis in terms of interior permanent magnet synchronous motor for
electric vehicle propulsion using numerical analysis. Torque ripple analysis, thermal analysis, demagnetization analysis
of permanent magnet and mechanical stress analysis with variable operating condition are presented. According to
these characteristic analysis, both the performance of motor and possible problems during the operation are examined

thoroughly in advance.
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Fig. 1 Analysis model of IPMSM
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Table 2 Torque ripple analysis results comparison at room
temperature [207C]
T & [20C]
Model 1 2 3 4
X1/Xs 80/130 | 92/130 | 80/136 | 92/136

average [Nm]| 293.99 | 296.95 | 286.46 | 292.79

max [Nm] | 299.28 | 300.86 | 291.68 | 298.03

4,000
min [Nm] 29040 | 293.29 | 279.83 | 286.53

pk-pk [Nm] 8.89 7.56 11.85 11.50

ripple [%] 3.02 2.95 4.14 3.93

average [Nm]| 91.01 91.19 90.65 91.69

max [Nm] 96.72 | 9586 | 94.15 | 94.58

12,000
min [Nm] 86.15 87.03 87.55 89.38
rpm
pk-pk [Nm] 10.57 8.82 6.60 5.21
ripple [%] 11.61 9.67 7.28 5.68
E:3 3 12 [120ClolMel ET|E A Ao vl

Table 3 Torgue ripple analysis results comparison high
temperature [120°C]

T -2 [1207C]
Model 1 2 3 4
Xi/Xz 80/130 | 92/130 | 80/136 | 92/136

average [Nm]| 29498 | 297.35 | 287.64 | 292.30

max [Nm] | 300.73 | 302.63 | 293.52 | 297.56

4,000

rpm

min [Nm] 290.46 | 292.86 | 280.40 | 287.24

pk-pk [Nm] | 10.27 9.76 13.13 10.32

ripple [%] 3.48 3.28 4.56 3.53

average [Nm]| 91.03 91.16 90.82 91.70

max [Nm] 9739 | 96.21 94.94 | 9443

12,000

rpm

min [Nm] 85.47 | 86.95 | 86.78 89.24

pk-pk [Nm] | 11.92 9.26 8.16 5.19

ripple [%] 13.09 | 10.16 8.99 5.66
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Table 4 Results of thermal analysis
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A B

M

o

A | a3 | mo) | A4

d=
10sec [C] | 64.3 | 67.7
60sec [TC] 61.8 | 646 | 604 | 569 | 552 | 551
40min [TC] | 1239 | 1386 | 1195 | 107.1 | 932 | 94.3

56.4 | 55.2 | 55.0 | 55.0
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Fig. 9 Result of Stress analysis
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