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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

i # =) Value Unit
=9 120 kW Pole / slots 10 / 12 -
ARk QTEEL 403 Nm Outer diameter 260 mm
(1) atg; & ;E at 121'243 atNrIim Stack length 159 mm
- R i 1
at AiEE at 10,000 at rpm otor diameter 66 mm
= &5 W Magnet size 20 = 10 mm * mm
QTEA 218 N i
o4 AA :FLEA m Air gap 1 mm
‘—(—‘ :)_‘ at ZAEE at 2,843 at rpm Rib 1 m
60+
E?Ei 62 Nm Stator yoke 16 mm
at FAET at 10,000 at rpm Shos 1 &2 15 p—
Teeth width 275 mm
2.2 AAE IPMSMY) AFlY e g AA dg Teeth length 27 mm
Slot opening 8 mm
QT AIE BEAPIE QTR E718E719 B4k AY Toms per ohas = -
O] I 29t 3 20 LIERLE QUTE FIQFE AlO|=oA] =it E
o e S o s ey N Turns per teeth 6 -
3 B WEAFY] Q8 AR gE5d SIEAe dAAFT =
o 102 125%S Mgl 18 2 2Eo] Sstes A 2 Parallel branch L -
I ERet £ EJ 52 WSoIALE oHAE 180 =% A
OllAl 900Apeak®] ZF QIZIAIS] ZAFHA dit TI7 31k 2o prm—
A BAE] Eto] IREQl 5719 AR wlgks gl
SIQICt. GRSl 27191 TR WA B GAN] 1R }
ol E4& 0] 450] Kotelr] wieo] B/t TAE dAGHA
LLE AV "Qsith 2|1 I8 4= EReds st
12000rpmolA1Q) 29 &4 ZWE Fo S30] 363MPazE QHE
0] oF 120 g0lg 4 Qrt dWFoE FHF QAU Al

radial forceZ7} HMASIAITE 1 I717} 3R] Q& M= 28
of Hlgl Athdog #7| mgo] &2 = oliAl= IHskA] ZRUATH
[8]. orRlgof thet et 7|1Ee QAT B =29 =xQl 28
THESHA] Sotr1of] ol Js7I7F AHK08 S|Al metkl 7
AZQ HEE JtAe 4 ATt ZIAFQ wgo] @A HH
SIFRIE AR Atolof] ZHdo] A "E717t ke = o]
ovdg gete RSt AAAVE Q5.

a8 2 side st =rHd
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
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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

concentration
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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
3.A &
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e fet EY 474 gie Sol 538 dse UsAIE 3
s Hds ol 4% g HolAE= |
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Fig. 12 Manufactured model[9]

Load Motor IPMSM

Thermocouple & Power Terminal ~ Water Tube

J8 13 AIg AE[9]
Fig. 13 test set[9]
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Fig. 14 NTC insertion position for the temperature measurement
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Fig. 15 Maximum load test result considering the saturation

temperature[9]
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Fig. 16 Back-EMF before and after maximum load test[9]
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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 A8 dEVE 120kW F A FE5Y gAA
SN1ES7IE AN RS HEY SR SIEdsTE R
A ol mEtd =2EAQ 2719 ARel sEAe & SE0]
g o ol As719 AEde adst AAsior sith o

S e gAA B SRRt
A A7 difoll thaial AEsiich
g ofLgl A1FEE st FAEREE
TEg 4 Ao, AE £ 9F 180%01A]l H RS EIAES) F

501 10000rpmOIA 9] FHSHEIAEE Sd Ensh Jednt
oL} YA el 71 RIS MR eHEg9] ElgHE
HEE 4 Al

A =
o =R& 2013¥k: FAR@OEERISR)9 Moz
SH= I LA T AYg  dHop LEw ALY,
(N0.20138R1A2A1A01015171).
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