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Experimental Verification of Interior Permanent Magnet Synchronous

Motor with Hot-Deformed Nd-Fe-B Magnet for Automotive Traction Drives

Yoshiaki KANO and Takao YABUMI

Synopsis

This paper presents the design and experimental verification of a multi-layer interior permanent magnet synchronous motor
(IPMSM) with an arc-shaped hot-deformed Nd-Fe-B magnet for automotive traction drives. Using the IPMSM on a 2010 Prius®
as a benchmark, we designed an IPM rotor geometry that simultaneously achieves a 20% improvement in both maximum power

and constant output power line with high efficiency while maintaining maximum torque. An experimental IPMSM has been

constructed based on the resulting design. The experimental studies using the prototype have proved the validity of the expected

drive characteristics.
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Fig. 1. Cross-section of the reference motor.

Table 1. Design specifications and restrictions for target

HEV drive applications.

ltems Values |Target
Stator outer diameter [mm] 264
Stack length [mm] 50

Air gap length [mm] 0.8
Number of stator slots 48
Number of rotor poles 8

Max. terminal voltage [Vrms] 398
Withstand voltage of switching device [V,] 1200
Max. inverter current [Arms] 170
Max. current density of armature coil [Arms/mm?] 26
Maximum torque [Nm] 202 | >202
Max. power under sinusoidal PWM control [kW] | 54.6 | >65.5
Maximum speed [r/min] 13 500
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Fig. 2. Vector potential contour lines.
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Fig. 3. Configurations of multi-layer IPM rotor.
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Fig. 4. (L;Lg) versus R, characteristics.
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Fig. 6. Maximum torque versus R, characteristics.
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Fig. 5. Maximum reluctance torque versus R, characteristics.
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Table 2. Specifications of test motor.

Items Ref. motor|Test motor
Stator outer diameter [mm] 264

Stator inner diameter [mm] 161.99 | 167.92
Stator stack length [mm] 50.4

Rotor outer diameter [mm] 160.4 | 166.32
Rotor lamination inner dia. [mm] 50.5

Rotor stack length [mm] 50.4

Air gap length [mm] 0799 | 08
Lamination thickness [mm] 0.305
Number of stator slots 48

Stator turns per coil 11 | 10
Coils in series per phase 8

Number of wires in parallel 12

Wire size, AWG 20

Phase resistance at 20 ‘C [Q] 0.078 0.073
Slot depth [mm] 30.9 28.04
Slot opening [mm] 1.88 1.96

Flux barrier
T ——

(c) Rotor core  (d) Rotor with arced PM

(e) Arced PM
Fig. 9. Photographs of assemblies of test motor.
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Fig. 10. Induced voltage waveforms at 2 000 r/min.
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Fig. 11. Measured d- and g-axis inductances.
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N
[6)]
o

Torque[Nm]
N
8

Reluctance
150 torque
+19.7 %
100
50

Magnet torque

Ref. motor Test motor

Fig. 13. Reluctance torque and magnet torque in

maximum torque production.

Fig. 13 1%, Fig. 2 DR EZ D LIIBDOBODE—¥
IZBWTI]RK MV 7 & 58ET 2 BIAAHA T ORA b
WZ eSS H ANV DEEESTTLHEETDH
5. VT8 ANV OEED 666 % (LB 54HE)
M5 740 % (GRIEHE) ~&RIEIZHELTHBY %D
AR STV D,

3. 6 RE— MLV HEHE¥FH

T A FERBREE D S R 2 2L S & CllE L7z
B — R MV o B L RIS S 3 - KA 2
NZHFig. 14 3 X O°Fig. 15 12”3, EARATH BT G4,
TR AEMETH B, Fig. 14 X 0, RMEEORK MV
713222 Nm T, HWERSRED 202 Nm 12xf L 99 % @
M EZER L TWwa, SFERORKHTIIE 668 kW T,
W R D 54.6 kW 12K L 224 % O & ZRE L 72
(Fig. 15). 75, 4 [005E W) BE 7 f K BE 10 000 r/min
TOMIIL, ER RO 358 kW 125 L 1ER 505
kW & 40.8 % DI k% 8 L 72,

m
)
A
o

B

N
o
o

Test motor

Ref. moto\\
100 &\‘\v\
i

0 2000 4000 6000 8000 10000
Speed [r/min]

Torque T [N
g

Fig. 14. Measured torque vs. speed characteristics.

Z 70
= 60 /\\ Test. motor
Q_? 50 BN .
%m ,% \\\\
o /  Ref.motor 1
30
ol
10 /
0

0 2000 4000 6000 8000 10000
Speed [r/min]
Fig. 15. Measured power vs. speed characteristics.

Table 3. Comparisons of motor efficiency and losses.

Reference motor Test motor

Operating point

1 [%]
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1 [%]
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186.3
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171.6
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234.9
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1014.8
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