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Target power (kW) 25
Target torque (N*m) 100
Max speed (rpm) 3000
No. of poles / slot 16/18
Magnet material Nd-Fe-B

M IL Material of iron core ~ 35A230

Fig. 1. Specifications of an axial-flux-type PM motor.
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Fig. 2. 2D linear model of the axial-flux-type PM motor.
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Fig. 3. Current density versus torque characteristics.
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Fig. 4. Parameters to be optimized in the 2D linear model.

Table 1 Comparison of the initial and optimum models, and the
maximum torques calculated by the 2D linear and 3D models.

Initial model Optimum model

$ 6 mm i 5.0 mm
8. le -
6mm 5.8 mm
Max . torque | 2D 103.0 107.5
(N-m) |3D 99.3 105.3
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Outside diameter (mm)
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Stack length (mm)
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|Air gap length  (mm)

1.0

NINo. of stator poles

18

INo. of rotor poles

24

No. of turns/pole

5

Core material

35H300

Magnet material

NMX-S45SH

Fig. 1. Specifications of an outer-rotor-type FR motor.
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Fig. 2. Definition of the rotor pole width ratio.
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Fig. 3. Relationship between the rotor pole width ratio
and torque.
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Fig. 4. Comparison of flux line diagrams for different
rotor pole width ratios.
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Characteristics of PMSM with Sm;Fe17N3/Fe1sN2> Hybrid Bonded Magnet

I. Cirozlar!, S. Murakami', K. Nakamura!, T. Ogawa'??,

S. Yamamoto??, N. Kobayashi?, H. Yamamoto?

(‘Tohoku University, *Future Materialz Co. Ltd., *Sankei Giken Kogyo Co., Ltd.)

Introduction

This paper investigates the potential of a permanent
magnet synchronous motor (PMSM) employing a novel
SmzFei17Ns/FeisN2  hybrid bonded magnet. Three-
dimensional finite element method (3D-FEM) and
prototype tests are conducted to evaluate the torque and
efficiency of the novel PMSM.

Characteristics of PMSM with Sm-Fe-N/Fe-N hybrid
bonded magnet

Fig. 1 illustrates the geometric structure of a prototype
PMSM. It is a
concentrated-winding, surface permanent magnet motor.

three-phase, four-pole, six-slot,
The motor diameter is 54 mm. The stack lengths of the
stator and rotor are 16 mm and 19.5 mm, respectively. The
core material is non-oriented silicon steel with a thickness
of 0.35 mm. The magnet is a novel SmoFei7Ns/FeisN2
hybrid bonded magnet with a residual flux density of 0.53
T and a coercive force of 280 kA/m. Fig. 2 presents the
parts of the prototype PMSM.

Fig. 3 shows the experimental setup. The prototype
PMSM is driven by the three-phase PWM inverter with
sensorless current vector control. The current phase angle
is kept constant at 0 deg. The electrical input power,
voltages, and currents are measured by the power analyzer,
while the mechanical output power, rotational speed, and
torque are detected by the motor analyzer.

Fig. 4 indicates the current density versus torque of the
prototype PMSM. It can be understood from the figure
that the prototype PMSM achieves the designed torque.

Fig. 5 represents the efficiency of the prototype

PMSM. The measured maximum efficiency is about 89%.

16 mm

54 mm

——
19.5mm '

Fig. 1 Geometric structure of a prototype PMSM.

Fig. 2 Parts of the prototype PMSM (outer case, stator,
rotor and shaft, outer case, from left to right).

Motor 7oy
Analyzer .

Fig.3 Experimental setup.
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Fig.4 Current density vs. torque of the prototype PMSM.
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Fig. 5 Efficiency of the prototype PMSM.
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(¢) 8poles
Fig. 1 Structure of analysis model.
Table 1  Analysis constraints.
Outer diameter of stator 118 mm
Iron stack length 40 mm
Airgap length 0.3 mm
Number of turns/pole 202 turns
DC side voltage 100 V
Max. current RMS 2.83A

Torque : —5 poles —6 poles —8 poles
Power : ---5 poles ---6 poles ---8 poles
3 250

1)
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g 2
Power (W)

w
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0
0 500 1000 1500 2000 2500 3000 3500
Motor speed (rpm)

Fig.2 Motor speed — torque and power characterristics.
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Fig. 2 Injection molded Sm-Fe-N bonded magnet
IPMSM rotor. (@ 60-L50mm)
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Fig. 3 Comparison of back EMF waveforms at the
rotational speed of 1000 rpm.
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