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Shape Design of IPMSM for the Reliability Improvement of Traction Motors
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(Ki-Doek Lee - Ju Lee)

Abstract - IPMSM for traction motor has high power density and wide operating range. But high power density causes
internal temperature rise and it makes big armature reaction which causes irreversible demagnetization. And with wide
operating range, rotor rotating fast gets stress from centrifugal force. For this reason, traction motor is designed to considerate
stress of rotor and irreversible demagnetization for reliability. This paper explains shape design method of 120kW IPMSM
accounting improvement of reliability. Finally, the validity of the analysis and the performance evaluation were verified
through testing of the final model.
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Table 1 Design specification of the traction motor
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Table 2 Design specification of the traction motor
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- R i 1
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o4 AA :FLEA m Air gap 1 mm
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602) FERE] 62 Nm 1
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Teeth width 275 mm
2.2 298 IPMSMY] AIF|Y Shte s dA wgt Teeth length 27 mm
Slot opening 8 mm
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Fig. 2 Initial model for analysis
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Fig. 3 Demagnetization result of initial model
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Fig. 4 Mechanical stress result of initial model
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Fig. 5 Shape design [ for reduction of local irreversible
demagnetization
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Fig. 6 Shape design II for reduction of local irreversible
demagnetization
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Fig. 7 Shape design I for reduction of rotor mechanical
stress
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Fig. 8 Mechanical stress results of model 1, 2, 3
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Table 3 Analysis results of model 1, 2, 3

Unit |Model 1} Model 2 | Model 3
Torque Nm | 411.28 || 41321 | 407.33
Torque Ripple Nm || 24.68 20.711 18.78
Torque Ripple Ratio % 6 5.01 461
Current Apeak 500 550
Current Phase Angle | degE 24 27 26
Copper Loss W || 4204.87 || 4668.18 | 4668.18
Core Loss W 881.2 919.1 903.1
Magnet Loss W 1992 2055.2 675.5
Efficiency % 94.41 94.01 95.03
e - | 0956 || 1574 | 1722
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Fig. 9 Shape variables for dispersing the mechanical stress
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Fig. 10 Shape design II for reduction of rotor mechanical
stress
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Fig. 11 Mechanical stress results of model 3, 4, 5
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Table 4 Analysis results of model 3, 4, 5

Unit || Model 3 || Model 4 || Model 5
Torque Nm | 407.33 | 407.85 | 40943
Torque Ripple Nm 18.78 21.58 22.34
Torque Ripple Ratio || % 461 5.29 545
Current Apea 550
Current Phase Angle| degE 26 27 26
Copper Loss W 4668.18 || 473397 || 4777.98
Core Loss W 903.1 918.3 934.7
Magnet Loss W 675.5 697.9 714.9
Efficiency % 95.03 94.96 94.92
SleSk=e % 1.722 1.994 2.018
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Fig. 14 NTC insertion position for the temperature measurement
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Table 5 Results comparison between the simulation and
experiment at the rated speed and maximum speed

(9]
. Power Induced
Torque || Efficiency
RPM factor voltage
[Nm] [%]
[-] [Vpear]
Sim. 402.21 95.09 0.65 260.35
2843 Exp. 402.57 95.50 0.68 250.38
Error[%] 0.09 0.43 5.17 3.98
1000 Sim. 106.70 96.81 1.00 365.32
Exp. 106.93 97.28 0.95 356.00
0 Error[%] 0.21 0.48 4.48 2.62
4.2 8
B =Re H8 WEVIR 120kW & A JEE dTAkA
/S8 A0 A AEE g7 EREE @
A ol metd 2EAQ 2719 ARel sEAe & SE0]
g o vl As719 AEEe adst AAsior sith o

S e gaAA B SRRt
%ﬂél A7 dol tisiA AEsirt
oREt ARHE IS FEHES
&S 4 A9, AE é‘- OF 18004l Z|tHESH HIAES} 3

25901 10000rpmolA19] HIHEHIAEE Ed Z3sh ds®u
ofEt GFAMEY B71Y ZRet AN okEg9] ElgAES

A5 & ANUACH

A =
o =Re 2013¥k: FAR@OHERISTH)9 Moz
S LA T AEe  dHop LEw ALY,
(N0.2018R1A2A1A01015171).
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