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Characteristic Analysis and Test of IPMSM for e-4WD of the Hybrid Electric Vehicle
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Abstract - In this paper, the performance design and analysis for an Interior Permanent-Magnet Synchronous Motor (IPMSM)
that will be used as a traction motor in the e-4WD system of hybrid SUV(Sports Utility Vehicle) and RV(Recreational Vehicle),
are investigated using finite element method. In order to improve the accuracy of design, the tolerances of parts and
assemblies as well as the material properties of permanent magnet, stator, rotor and winding etc. are considered under the
conditions similar to real driving state of motor. Both no load performance test and maximum load performance test, in which
real driving state and cooling condition have been considered, are also implemented via proto sample build to verify the

validity of motor’'s performance design.
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Table 1 Requirement spec. of [PMSM

Parameter Unit Spec. Note
RE7] AO|= [mm] ®190 x 220 all package
& (kW] 301 (30[sec])
FNEA [Nm] 200 1 @1500rpm

FEE [rpm] 9,000
FANEY 58 (%] 901 at 30[kW]
FLET [Nm] 0.65
LA [Vpeak] 230 line to line
A [Arpm] 240 phase
HE712E [t] 100 Operating
AFPZE W4 [mm] 30 Inner-dia.
WZIEA [LPM] 12 Inlet 60[C]
M M
200[Mm] Max. Power (J0kW)
\'\.
% \\H“"---- 58INMI 50 Nm] lg
= e o
g |8
H=3 EE 2= HE
1500 5000 5000
Speed [rpm]

I8 1 IPMSMO] @7y A
Fig 1 Required performance curve of IPMSM
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Table 2 Design parameters of IPMSM

Parameters Unit Value Note
S25 [slot] 36
=24 [pole] 8
AER 28 [mm] 160
SIFAF 914 [mm] 99
e 4o [mm] 120
2= [mm] 0.7
QAR = [mm] 25
AR FA [mm] 6
g Ad " [turn] 14
wg 324 [turn] 4

S EDNZSRN Sl [T] 1.33 at 20T

ARy [mQ] 52.09 at 20C

AFde [A/mir] 11.3 max current
% Star(Y) Connection, Distributed Winding
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Fig 2 2D & 3D modeling of IPMSM
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Fig. 8 3D Packaging of IPMSM
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Fig. 4 Structure of rear wheel system
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Table 3 Property information of Magnet
Parameters Unit Value
Remanent flux density (Br) [T] 1.33-1.36
Coercivety (Bcb) [kA/m] >970
Tempe{;&u_rfogg(jegflc1ent (B0 [%/C] -0.10
Tempe{g%u_r&gggl;ﬁment (B0 [%/C] 011
Maximum operating temp [c] 150
Relative recoil permeability [prec] 1.05
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1.2138¢+000
1.1034¢+200
9. 9318¢-201

8. 6276e-801
- 7. 72%1e-801

6. 6207e-801
5.5172e-801
4. 4138e-001
3. 3103e-801
2, 2069¢-001
1.19342-801
0.0000¢+000

(a) AFESEE

AlWb/m]

1.3194e-002
. 1. B4E8e-002
8. 6504¢-203
5.83302-603
5.0156e-003 | et
3.1982¢-003 | [ | /77
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- -2.2540e-003
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-1.3158e-002
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Fig. 6 Flux density & Flux line of IPMSM
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Table 4 Max. operating analysis result (at 100°C)

Speed C;;Sgt Current| Voltage | Torque | Power Loss c?glic_y
[rpm] [deg] [Arms] | [Vpeak] | [Nm] | (kW] | copner | core | eddy [%]

500 | 42 | 2394 68.1] 2085| 109 | 11807 | 130| 83| 480
1000 | 42 | 2394 1358 | 2085 | 21.8 | 11807 | 328| 185| 648
1500 | 42 | 2394 1773 | 2085 | 328 | 11807 | 55.7| 256| T34
2000 | 42 | 1556 2255| 1490 312 | 4985| 718| 131| 86.0
3000 | 63 | 1344 | 2262 101.0| 317 | 3718| 99.3| 445| 891
5000 | 74 | 1244 | 2187| 609| 319 | 3188|1996| 984| 90.2
7000 79 | 1273 2283 | 429 315 | 3337|3806 |139.2| 89.1
9000 | 82 | 127.3 2296| 315| 29.7 | 3337|5803 |169.1| 879

Analysis curve of max. power
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Fig. 8 Max. power analysis curve (at 100C)
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Fig. 9 Dynamo test system for IPMSM
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Fig. 10 Cogging torque test result (at 20[C])
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Fig. 11 No-load B-emf waveform(at 1,000[rpm])
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Table 5 Max load test result(at 100C)

Speed | Current Current
angle

[rpm] | [Arms] (] [Nm]

Torque | Voltage | Power |Efficiency
[Vpeak] | [kW] [%]

500 239.7 41 204.6 63.0 10.7 46.6
1000 239.5 41 204.0 | 106.1 21.3 62.6
1500 2394 41 2035 | 1494 319 76.1
2000 156.9 41 1491 168.3 31.2 86.4

3000 120.5 61 973 | 169.9 30.6 91.5
5000 121.9 2 584 | 2175 30.6 92.3
7000 125.6 r 419 | 2204 30.7 90.5
9000 134.3 80 323 | 2262 30.4 86.4

Test curve of max. power
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Fig. 12 Max. power characteristic curve(at 1007C)



Efficiency of Max. power
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Fig. 13 Efficiency test result(at 100C)
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