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Design of Fan-shape Type PMSM for Improving Efficiency
of Non-rare Earth Motor
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Abstract - The rare earth output is concentrated in limited number of countries including China. Also the necessity for
development of non-rare earth motor is getting signified due to the rapid increase of rare earth price and resource
weaponizing policies. Non-rare earth motor is generally designed as spoke type PMSM (Permanent Magnet Synchronous Motor)
in order to maximize the power density. Such spoke type PMSM has advantage in concentrating the flux but demonstrates
lower efficiency compared to permanent magnet using Nd (Neodymium) permanent magnet. Therefore, applications with strong
necessity for efficiency need rotor structure having improved efficiency compared to spoke type PMSM. Hence, this study
suggested fan-shape type PMSM with somewhat lower power density but maximized efficiency. Fan-shape type PMSM is a
rotor shape demonstrating outstanding reduction of iron loss compared to existing spoke type. Thus, this study analyzed the
improvement of efficiency and reduction of loss arising from the suggested shape through parameter calculation.
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Fig. 2 Magnetic equivalent circuit (a) SPMSM (b) Spoke

type PMSM

HEEF MES7|2l £ &84S 28 Fan-shape type PMSM &7 ¥ M5 2

Trans. KIEE. Vol. 65, No. 2, FEB, 2016

4, 2R

(S} ‘?a

&,
2 i oo: 3

_/\/\/\,_
18 3 Spoke typeQ| APIE7HEZ A4St

Fig. 3 Simplifications of the magnetic equivalent circuit of
the spoke type PMSM
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(c) BEZAHE 7IX= 6= 54&F Spoke type PMSM
(d) B2AE 7K 6= 545F Fan-shape type PMSM
Fig. 5 Base Model
(@) 6P9S spoke type PMSM with tooth concentrated
winding
(b) 6P9S fan-shape type PMSM with tooth con-
centrated winding
(c) 6P54S spoke type PMSM with distributed winding
(d) 6P54S fan-shape type PMSM with distributed
winding
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T 1K 29| FEM a4 21} (2400[rpm])
Table 1 FEM results of 4 model at 2400[rpm]

Model Model Model Model
(a) (b) (c) (d
Torque_avg [Nm] | 550.38 | 45367 | 552.87 | 486.87
Resistance [Q]
(20C)
Copper loss [W] 2178 2178 2904 2094
Core loss [W] 1960.4 1095.8 2032.9 1276.2
Efficiency [%] 97.10 97.21 96.57 96.70

[_max=220 [A]

0.03 0.03 0.04 0.04

4. IR Alte S8 SARZE € 24

M 2go migne BAE flo FRESHAIQL FEtA9 2
WAKEE FEM(Finite Element Method)g E8] ettt Est
HuAET FFALZLES 0]8310] dF AHEA(L)S} oF Y
HA)E Atelltt. 9 BEe Sl Hurs @, v), dF
QHEIA(L), oF AEEA(r), nIUE E2(7,) W =g
EI(D)E ¥ 29 4t

T 2 K 2dol ulhE (2,400[rpm])

Table 2 Parameter of 4 model at 2,400 [rpm]

Model | Model | Model | Model
(a) (b) (c) (d)

[_max=220 [A]

Noload flux linkage
0.40 0.44 041 0.46

v, [Wb]
Load flux linkage

v, [Wb] 0.86 0.63 0.75 0.57
d-axis inductance

£, [mH] 2.67 1.99 1.99 1.93

q-axis inductance
L, [mH]

Magnetic Torque
7. [Nm]

483 1.42 414 0.91

319.29 | 425.94 | 326.01 | 452.64

Reluctance Torque

7 [Nm] 22403 | 30.89 | 22247 | 37.82
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(a) ¥EdE 7KKe 65 982
(b F5AS 7K 65 955
(c) BEZAS 7IK= 6= 54&F Spoke type PMSM
(d) BXAS 7IKE= 6= 54&E Fan-shape type PMSM
Fig. 6 Flux line and Flux density of the stator
(a) 6P9S spoke type PMSM with tooth concentrated
winding
(b) 6P9S fan-shape type PMSM with tooth concen-
trated winding
(c) 6P54S spoke type PMSM with distributed winding
(d) 6P54S fan-shape type PMSM with distributed
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Table 3 Core loss of 4 model at 2,400 [rpm]

Model | Model | Model | Model
[_Lmax=220 [A
_ (A] @ (b) © (d
It
Core loss [W] 19604 | 10958 | 20329 | 1276.2
(Stator&Rotor)
It W
Core loss [W] 15914 | 10309 | 1837.6 | 1216.2
(Only stator)
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