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~Presentation Overview~

® Market trends of NdFeB sintered magnets
in Japan
® Expanding Motor applications

® Cutting-edge technologies

® Proven surface coating technologies
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~Expanding Motor Applications~
W Motor applications have been expanding almost 20-30% year by vear

B Total weight of motor applications prabably reaches more than 1750 Ton
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~The reason why motor applications are increasing in Japan~
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~Evolution in Motor designing~

HEOMAX

Typical rotor configurations of PM motor.
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~Advantages of IPM motors~

B IPM motors are used rectangular magnets
B Abundant merits are provided not only for assembler but also for magnet maker

|

Assembler
| Easily fix inte yvoke
| Hard to detach
under high speed rotation
Use high Br material

Magnet maker ©

Economical shape
Easily mass production
Increase temperature stability

due to design high Pc
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~Improvement of motor efficiency~

Comparison with motor efficiency in
compressor motors
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~Expanding motor applications~
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~Automobile applications :HEV~
® Nd AC-Synchronous Motor
using NdFeB sintered magnets
15" generation : Motor(33kW) & Generator(~6500rpm)

New model  :Motor(S0kW) & Generator (~10,000rpm)
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Power train for the environmental-Vehicle
by using Nd-Fe-B sintered magnets
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4 <™ Rack(Direct drive)
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~Integrated motor applications~
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Applications and Trends of Rare Earth Permanent

Magnet Machines

i Tang Renyuan Liu Zhemin
Shenyang University of Technology

Abstract Rare carth permanent magnet electrical machines (REPMM) are useful
for their good performance. In this paper, a brief introduction of the development
of REPMM in China with the examples is presented. It also gives the trends of
REPM machines.

1 Introduction

Rare carth permanent magnet (REPM) has attracted more and more people
for its excellent performances, such as high remanence, high coercivity, and linear
demagnetization curve. The electrical machines with REPM are characterized not
only by high efficiency. high power factor. but also high p(mc density. Many
kinds of REPMM were developed for different applications'" '

China is abundant in rare earth resource. The annual production of NdFeB
PM takes the top level in the world. And the high level NdFeB materials have
been mass-produced in China. it is more convenient and favorable to develop and

apply REPM electrical machines in China.

2 Developments and applications of rare earth permanent magnet machines
in China

Since the previous decade. there have been many achievements of the
development of REPMM in China. Here 1s a simple picture of the achievement.

2.1 REPMM for energy saving applications
Resource and environment becomes the most important problem as the

industrialization. Energy saving is the way to protect resource and environment,
As the induction motors consume more than 50% of the electrical energy,
line-start REPM synchronous motors are developed to take the place of induction
motors. Line-start permanent magnet synchronous motors enjoy high efficiency
and high power factor both in rated-load and light-load, and may satisfy the
specific demand of these application domains by special design.
1) Oil-well pump application

In oil-well pump application, the large locked-rotor torque is needed. A larger
capacity of induction motor (IM) has to be adopted, which results in a light-load
operaling condition.

A series of PMSM used in oil-well pump has been developed. The
performance is described in Table 1, compared with that of the same-capacity IM.



Such a 37kw PMSM owing to a high locked-rotor torque may take place of the
55kW IM in actual oil-well application and produce an active energy saving

20% and reactive energy 80% respectively.

Table 1 Performance of 37kW PMSM

PMSM IM
Rated efficiency (%) 95.6 91
Rated power factor 0.96 0.79
Locked-rotor (p.u.) ' 32 1.8
Pull-out (Maximum) torque (p.u.) 2.8 2.0

2) Fan and pump application

Motors for

fan and pump application take about 40% of the electricity in

China. Energy saving is very important. And for fan and pump application, the
pull-out capacity is emphasized. The line-start high efficiency REPM synchronous

motor has been
26G~8% higher

developed up to 1120kW. The efficiency of the motors is about
than the induction motors. The volume of the high-efficiency

motors is one size smaller than the usual high efficiency motor. Following curves

show the performance of the high-efficiency motor.
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Fig.1 Performance Comparison of the High-efficiency REPMM and IM
A High-efficiency REPM motor
@ Induction motors

The rotor magnetic structure, as show in Fig.2, has to arrange the necessary
magnet, squirrel-cage and axial ventilating ducts. The magnetic field, heating
and ventilating, and strength analysis must be made by finite element method. It
is shown in Tab.2 that the PMSM enjoys not only high efficiency but also high
overload capacity, may replace the induction motor or electric-excitation
synchronous motor with a larger rated power or larger frame than the PMSM.



We assume that 3 Millions kW induction motor was replaced by high
efficiency REPMM annually, at a average rate of energy saving of 10%, running
4000 hours a year, 1.2 billions kW -h energy would be saved.

2.2 AC Servo motors

2.2.1 Application to machine tool

PMSM having virtues of high efficiency and power factor, small inertia,

I//_,_r—" —“‘:T\ — shroud ring

quick response and high power (torque)
density would be the important access to
solve the high performance spindle drive,
if it has adequate flux-weakening
capability.

To meet the demands of mechanical
strength, rigidity and flux-weakening,
the PMSM adopts the rotor magnetic
structure as shown in Fig.4.

Fig.4 Rotor magnetic structure of
PMSM in spindle drive application

Table 4 Specification of PMSM in Machine Tool Application

Specification Performance
Base speed (r/min) 1500
Minimum speed (r/min) 0.4
Maximum speed (r/min) 9000

2.2.2  Electric vehicle application

The PMSM plays an important role in electric vehicle (EV) drive owing o its
high efficiency, low vibration and noise and high power (torque) density.

In order to improve the airgap PM magnetic field waveform of PMSM with
inserted magnetic structure, the non-uniform airgap is employed. Then distinct
improvement of the waveform of airgap flux density is obtained, as shown in
Fig.5.



(a) uniform airgap (b) non-uniform airgap
Fig.5. the waveform of airgap flux density of PMSM

Winding switch technology adopted in PMSM can double enhanced climbing
ability of electric vehicle on the premise of unchanging the inverter capacity.
The torque-speed curve is shown in Fig.6 and the efficiency is improved

when in low-speed large-torque operation.
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Fig.6 T-n curve of PMSM with Fig.7 Gearless machine for elevator

winding switch in EV application

2.2.3 Gearless direct driving system application

Low speed high torque motor for elevator direct driving system (Fig.7) was
developed to meet the requirement of the increasingly demand. The geared
machine has an efficiency lower than 60%. This is because most of the machines
has worm gear and worm shaft with an efficiency lower than 70%. The efficiency

of gearless machine is higher than 85%.

2.2.4 Ironless AC servo Motor

As there is no iron loss (no iron core) in ironless motor, the efficiency of
ironless motor is very high. And the inertia of ironless motor could be very small.
It would be useful in quick response system.
2.2.5 ‘Transverse flux machine

In recent years, more and more people interest in the study and development of
transverse flux permanent magnet machine (TFPMM) for the excellent feature of
high power density. Many kinds of TFPM M with different topology were
developed. But there are still two major shortcomings of the existing TFPMM. The



first one is low power factor. The second one is that the structure is oo complex to
manufacture. These shortcomings limited the application of TFPMM'/,

In China, a new topology of single side TFPMM that give an improvement
solving of the problems, as shown in Fig.8, is developed. That is interior magnets
transverse flux permanent magnet machine.

Fig.8 Structure of new TFPMM
A. Novel rotor structure

The basic structures of TFPMM were mentioned in ref.|3] and ref.|4]. It is
known that the mounting of permanent magnets on the rotor is quite complex. In
order to simplify the production, a new TFPMM was developed. The new TFPMM
has a novel rotor structure. The rotor core is made of laminated steel as shown in
Fig.9. There are permanent magnets in the slots.
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Fig.9 Rotor structure

This novel structure has some favorite features

(1) Laminated rotor iron with interior magnets. It is just like the traditional
interior permanent magnet machine structure. It makes the production easy and
mechanical reliability increased.

(2) The new structure makes the TFPMM be able to achieve higher airgap flux
density than the former TFPMM due to flux concentration improvement.



