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Research on Performance and Material Cost of Halbach Permanent Magnet

Synchronous Motor with Less Rare Earth Combined Magnet Poles
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(School of Mechanical and Electrical Engineering, Heilongjiang University, Harbin 150080, China)

Abstract: The rare earth permanent magnet synchronous
motor (PMSM) has superior performance, but the high price
of rare earth permanent magnet material leads to the increase
of motor cost. A new type of permanent magnet synchronous
motor with less rare earth is presented, and the permanent
magnet is of the combined magnet poles Halbach structure.
The structural characteristics of the less rare earth combined
pole permanent magnet synchronous motor are analyzed, and
on this basis, three kinds of combined magnet poles Halbach
permanent magnet synchronous motor topology structures of T-
type, HAT type and LREH type are proposed. Three less rare
earth permanent magnet synchronous motors are analyzed in
terms of no-load back electromotive force, no-load cogging
torque and rated load electromagnetic torque and compared
with rare-earth permanent magnet synchronous motors. The
effect of the thickness of NdFeB and ferrite permanent
magnets on the material cost of less rare earth permanent
magnet synchronous motor with combined magnet poles is
studied under equal torque conditions. The material costs of
rare earth permanent magnet synchronous motor and three
kinds of less rare earth permanent magnet synchronous motor
is compared. Finite element simulation results show that
LREH type less rare earth combined pole Halbach permanent
magnet synchronous motor has better torque performance and
lower material cost.
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Tab.1 Rated parameters and size of PMSM

B SR
HE YR/ W 750
T HL RV 380
BE R/ (Nom) 4.77
e L/ (romin ") 1500
FET-HME/mm 122
%1 1] 4 JiE/ mm 66
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Fig.3 No-load air-gap magnetic flux density waveform

and harmonic analysis
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Fig. 4 No-load magnetic flux density distribution
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Fig. 6 Harmonic of no-load back electromotive force
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Tab.2 Motor main material price list ¢ -kg™'
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Fig.9 Effect of NdFeB thickness on material cost

( coil turns are adjusted)
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Tab.4 NdFeB thickness versus axial length with
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Fig. 10 Effect of NdFeB thickness on material cost
(axial length is adjusted)
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Tab.5 Ferrite thickness versus coil turns with same torque
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Tab.7 Rare earth Halbach PMSM material cost

bR Wit ke it/ ot
40 - DW315-50 7.9 95
LR B2k 0.55 36
NdFeB35 0.4 88
js8an 8.85 219
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Tab.8 Less rare earth T-type PMSM material cost

R it/ kg Hrk&/ 70
FEAR A DW315-50 7.9 95
GEgH i 2k 0.82 54
NdFeB35 0.25 55
R A 0.14 2
Bt 9.11 206

*9 L HAT EKEE S BRI A
Tab.9 Less rare earth HAT-type PMSM material cost

R it/ kg /ot
FEA A DW315-50 7.9 95
GEgH i 2k 0.84 55
NdFeB35 0.25 55
BRI 0.14 2
Bt 9.13 207
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Fig. 13 Cost comparison with different motors
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Expensive rare earth permanent magnet

materials lead to increase material cost of permanent

Under this

background, reducing the dependence on rare earth

magnet synchronous motor ( PMSM ).

permanent magnet ( PM) materials without reducing
the electromagnetic torque performance is one of the
research hot spots of PMSM.

Three kinds of Halbach PMSMs with less rare
earth combined magnet poles are proposed, which
can effectively reduce the amount of rare earth
permanent magnet materials in the motor structure.
Thus, the motor material cost is reduced. The
electromagnetic torque is improved by using the
Halbach array and combined magnet poles.

Three kinds of less rare earth PMSMs with
combined magnet poles are studied and compared
with a rare-earth PMSM in terms of no-load back
electromotive force, no-load cogging torque and rated
load Fig. 1 the
electromagnetic torque waveform of less rare earth
Halbach PMSM and rare earth PMSM.

seen from the figure that less rare earth Halbach

electromagnetic  torque. shows

It can be

PMSM with combined magnet poles can achieve the
same electromagnetic torque performance as the rare
earth PMSM.

The effects of permanent magnets NdFeB and
ferrite thickness on material cost of less rare earth
PMSM with combined magnet poles is studied under
the condition of same electromagnetic torque. The
material cost of rare earth PMSM and three kinds of
less rare earth PMSMs with combined magnet poles is
compared and analyzed. The quality and material
cost prices of the four motors are shown in Tab.1.
The results by finite element simulation show that the
LREH type of less rare earth Halbach PMSM has

better torque performance and lower material cost.

6.0
58
5.0
4.5
4.0
33
3.0

rare carth type —— b rare carth LREH-type

Torque/(N+m)

less rare canth T-type  ——optienizecd less rarc carth
LREH-type

15

less rare canth HAT-type

0 5

10
t/ms

20

Fig.1 Rated load electromagnetic torque waveform

Tab.1 The quality and material cost of the PMSMs with same torque

Less rare earth T-type

Rare earth PMSM

Less rare earth HAT-type Less rare earth LREH-type

Material PMSM PMSM PMSM
Quality/kg Price/ ¥ Quality/kg Price/ ¥ Quality/kg Price/ ¥ Quality/kg Price/ ¥
Silicon steel sheet 7.9 95 7.9 95 7.9 95 7.9 95
copper wire 0.55 36 0.82 54 0.84 55 0.95 61
NdFeB35 0.4 88 0.25 55 0.25 55 0.14 30
Ferrite 0 0 0.14 2 0.14 2 0.5 8
Total 8.85 219 9.11 206 9.13 207 9.45 194
S11
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