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Design and Analysis of Surface-Mounted PM Motor of Compressor for Electric
Vehicles Applications according to Slot/Pole Combinations
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(Jang-Young Choi - Hyung-1l Park - Seok-Myeong Jang * Sung-Ho Lee)

Abstract — This paper deals with design and analysis of surface-mounted PM (SPM) motor for compressor of
air-conditioning system for electric vehicle applications according to slot/pole combination. First, required torque-speed
curve characteristics are determined from operating conditions of the compressor. Restricted conditions such as motor size
limit and current density are also determined. And then, under same rated and restricted conditions, twelve models which
have different slot/pole combinations each other are designed for various pole arc/pitch ratio using simple equations and
2-d finite element (FE) analyses. Designed models are analyzed and compared in terms of back-emf THD, cogging
torque, torque ripple, power losses, efficiency, etc. On the basis of analysis results, it is found that the motor with a
6-pole PM rotor and a 27-slot stator has most outstanding performances in electromagnetic aspects. Finally, through the
mechanical modal analysis and demagnetization analysis, it is concluded that the determined motor is most suitable for

the compressor of air-conditioning system for electric vehicles.
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Fig. 3 Required torque-speed curve of the motor for the
compressor applications.
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Table 1 Design requirements of the motor for compressor
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Fig. 4 Voltage and current limit circle of the SPM motor
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Table 2 Restricted conditions of the motor for compressor
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Table 3-1 Common design specifications of SPM motors

with 4-, 6- and 8-pole rotor

Magnet materials NdFeB42
Magnet pole arc ratio 0.65
Air-gap length 0.5mm
Stator outer radius 50mm
Stator/Rotor materials S10

E: 3-2 4= EHEREY IIFXNAMNMST| dAZ

Table 3-2 Design results of a 4-pole SPM motor

Pole number 4
Slot Number 6 12 15 18
Outer radius of 23mm 25mm 25mm 26mm
rotor
Stack length 50mm 50mm 50mm 50mm
M t

.agne 4mm 3.5mm 35mm | 3.5mm
thickness
Current density

. 16.7 16.7 16.8 175

[A/mm’]
Peak ph.

cais phase 237 237 239 | 249
current [Al]
Coil diameter 0.8%2 0.8%2 0.8%2 0.8%2
/turns /90 /68 /75 /66
Configuration
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Table 3-3 Design results of a 6-pole SPM motor

Pole number 6
Slot Number 9 18 27 36
Out di f

uter radiis o 28mm 28mm 28mm 28mm
rotor
Stack length 50mm 50mm 50mm 50mm
M t

.a £ne 3.5mm | 3.5mm 35mm | 3.5mm
thickness

Current density

. 17.2 15.3 16.7 17.3

[A/mm’]
Peak ph

cait phase 245A | 217A | 238A | 248A
current [A]

Coil diameter 0.8+2 0.8%2 0.8%2 0.8+2
/turns /69 /66 /63 /60
Configuration
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Table 3-4 Design results of a 8-pole SPM motor

Pole number 8
Slot Number 12 21 24 30
Outer radius of 29mm 28mm 30mm 30mm
rotor
Stack length 50mm 50mm 50mm 50mm
M‘agnet 3.5mm 3.5mm 3.5mm 3.5mm
thickness
Current density

) 17.7 16.7 16.7 174
[A/mm’]
Peak phase 95.2 9237 237 24.8

current [A]

Coil diameter 0.8%2 0.8*2 0.8*2 0.8%2
/turns /64 /63 /56 /60

Configuration
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Fig. 6 The variation of cogging torque according to pole
arc/pitch ratio for the SPM motors with various
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Table 5-1 Frequency of torque ripple with rotor speed
SR EA gE
TAEE 6 12 18
3,000rpm 900Hz 1,800Hz 2,700Hz
6,540rpm 1,962Hz 3,924Hz 5,886Hz
8,000rpm 2,400Hz 4,800Hz 7,200Hz
E: 5-2 s|M&E T wWE FAHe| Fauls
Table 5-2 Frequency of radial force with rotor speed
+49
e S
- 3 9 15 21 27 33
900 | 2,700 | 4,500 | 6,300 | 8100 | 9,900
3,000rpm
Hz Hz Hz Hz Hz Hz
1962 | 5886 | 9,810 | 13,73 | 17,65 | 21,58
6,540rpm
Hz Hz Hz 4Hz 8Hz 2Hz
8,000 2,400 | 7,200 | 12,00 | 16,80 | 21,60 | 26,40
m
AP Hz | Hz | OHz | OHz | OHz | OHz

(c)

a8 1263 27&e% 7|9 1nHEXA ZEAM: (@) st
mode (1,898Hz), (b) 2nd mode (3,645Hz), (c) 3rd
mode (4,759Hz) and (d) 4th mode (7,825Hz)

Fig. 12 Modal analysis for the stator of SPM motor with
6-pole rotor and 27-slot stator : (a) 1st mode
(1,898Hz), (b) 2nd mode (3,645Hz), (c) 3rd mode
(4,759Hz) and (d) 4th mode (7,825Hz)

E: 6 IMXA ZEe ME 5o

Table 6 Physical properties of electrical steel.

Items Value (unit)
Young’s modulus 200 (GPa)
Poission ratio 0.3
Density 7600(kg/m?)

Yield Point 485 10° (N/m?)
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Fig. 14 Permanent magnet demagnetization analysis results

m
3.5000e-001 | |8
. 3.2143e-001 | [FFS
3.0000e-001 | |UU
2.7857¢-001
2.5714e-001
2.3571-001
2.1429¢-001
1.9286e-001
. 1.7143e-001
1.5000e-001
1.2857¢-001
1.8714-001
| 8.5714e-002
6. 4286-002
4. 2857¢-002
2.1429¢-002
©.0000e+000

12

AKX 2d=A

Fig. 15 Partial demagnetization analysis results under (a)
amplitude of the inverter's trip current and phase
angle of current which makes the electromagnetic
torque maximum and (b) the conditions of field-
weakening operation at maximum speed
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