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A Study on the Characteristics Analysis According to the Permanent Magnet
Segmentation Change to IPMSM for Urban Railway Vehicle

dAZ -G @ -gya-o F
(Geochul Jeong + Chan-Bae Park - Taechul Jeong - Ju Lee)

Abstract - The following study carried out the characteristic analysis based on the magnet segment of Interior Permanent
Magnet Synchronous Motor(IPMSM) for the urban railway vehicles. IPMSM affects the electromagnetic characteristics through
the change in magnetic flux based on the rotor structure, and significantly influences the structural features through the
change of pressure. Therefore, satisfied by the demanded traction force of the IPMSM, magnet segment derived three different
model types. The 1-segment PM model consisted an undivided permanent magnet. The 2-Bridge model consisted a
divided permanent magnet with the application of Bridge. The 3-Bridge model consisted additional dividing with one
more Bridge applied. The electromagnetic characteristics of the three models were compared and analyzed along with
the structural features regarding the scattering of permanent magnet based on strong centrifugal force from the
rotation of the rotor at high speed. In conclusion, the final model with electromagnetic characteristics and structural
features most suitable of IPMSM for the urban railway vehicles was derived, and the effectiveness was verified
through the characteristic experiments after the production of the derived model.
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st st=tl ol#dol AUtk & 12 A ZAEERR| H89 - ,
Ol= ACAEY|0 SFS HOECH & 104 HolZED Qe 1 Contents 1st Generation | 2nd Generation
Aot 24tle] SEAS/S Hgs) 2E oAt SERE7) Motor |  Motor
AOIRE £0] EEUEE SV & AUAT & &5 HA
ZRCH1]. Model
22 =2 quR HEE Ve JEFA PR 571
As70] A8HEA FERSVIED 81 28UV S
Motor Type Induction motor | Induction motor
+  Corresponding Author : Dept. of Electrical Engineering, Hanyang Power [kW] 205 210
University, Korea Size [mm] D520 x H270 D515 x H220
E-mail : julee@hanyang.ac.kr Weight [ke] 452 357
# Dept. of Electrical Engineering, Hanyang University, Korea Power Density [kW/ke] 0.454 0544
ok Eeyt. of. Railfro;ld Operatioln Sy}s%tem Engineering, Korea National Efficioncy [%] %3 93
Rece;;\;er:srﬁasol Zlfaggi)gftitz;tezria September 4, 2015 Cooling Method Self ventilated | Self ventilated
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Table 2 Main specifications of basic design model of IPMSM
for urban railway vehicle

Contents Value Contents Value
Stator size Dia. 392mm Power 210kW
Rotor size Dia. 260mm Rated speed 2400rpm
Stack 220mm Max speed 6000rpm
Airgap Imm Rated current 155.6Arms
Pole/Slots 6/54 Current density 7.5A/mm2
Core material 35PN230 Voltage limited 866Vdc
Magnet Cooling Water
material N38UH system cooling
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Fig. 3 Rated and max torque waveform of each model
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Table 3 Electromagnetic characteristics of each model

1-Seg. PM 2-Seg. PM 3-Seg. PM
model model model

Contents[rpm] 2400 6000 2400 6000 2400 6000

Average

890 354 878 349 848 343
torque[Nm]

Torque ripple

10.8 59.9 10.7 61.3 10.1 445
rate[%]

Rotor core
loss[W]

Stator core
loss[W]

P.M eddy
current loss[W]

Copper loss[W] 2715 | 2715 | 2715 | 2715 | 2715 | 2715
Total loss[W] 4255 | 8830 | 4415 | 8442 | 4390 | 8342
Efficiency [%] 98.13 | 96.18 | 98.04 | 9629 | 97.98 | 96.28

241 742 233 623 221 666

1223 5261 1402 4964 1375 4874

6 112 65 140 3 87
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(@2400rpm) Table 5 Rotor weight and power density of each model
1-Seg. PM 2-Seg. PM 3-Seg. PM
Contents
- 4 7 DO OAME T oEEA model model model
3 - oo s e e Core weight[ke] 50.68 50.67 50.65
Table 4 BEMF and inductance of each model -
Magnet weight
1-Seg. PM | 2-Seg. PM | 3-Seg. PM kel .28 .13 6.98
model model model Power density
0.956 0.944 0.915
BEMF fundamental 7491 7377 7404 [kW/ke]
wave[V]
d-axial inductance[H] 2.33 2.20 2.32
q-axial inductance[H] 6.45 6.48 6.66 3 6 F+xsiA thet EAA
Saliency ratio[%] 2.7 218 2.88 Table 6 Material property for structural analysis
35PN230 N38UH
Density [g/cm?] 7.6 75
3.3 X5 EA H Young's modulus [MPa] 1.624 14
Poisson's ratio 0.33 0.24
T 5= 7t nuo] st EA 2 W EHULCE HojED} Tensile yield strength [MPa] 440 100
1-Segment PM modelollA] Bridge2 #8842 3|AAL F0| Tensile ultimate strength[MPa] 550 120
ZAEZAZFE IPMSME| Magnet Segment Histol| 2 SA Ao 25 o7 1489
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Fig. 6 Structural analysis result

(b) 2-Seg. PM (c) 3-Seg. PM

E 7 FXoHE St odg ALt At
Table 7 Calculation results of safety factor through the
structural analysis

1-Seg. PM 2-Seg. PM 3-Seg. PM
Contents
model model model
Peak
cale stress 824.9 304.38 24849
[MPa]
Safety factor
0.53 1.45 1.77
[MPa]
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Table 8 Comparison of induction motor and 3-segment PM

model
Induction motor 3-Seg. PM model
Size [mm] D515 x H220 D392 x H220
Power density

0.544 0.915

[kW/ke]
Efficiency [%] 93 97.98
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