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The Characteristics Analysis of a PMSM with Current
Angle Variations according to Stator Winding Arrangements
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Abstract

A Permanent Magnet Synchronous Motor (PMSM) for an electrical power steering system (EPS) is adopting
various dual three-phase type stator windings to get the high fault tolerance capability when the motor runs at the
failure condition. In this paper, we analyze the effects of stator winding arrangements on the characteristics such as
torque and efficiency of the PMSM with leading and lagging current angle variations using finite element method. As
a result, the most valuable design criteria are proposed to select stator winding method. Especially, we suggest the
most appropriate winding method in terms of torque and efficiency, extending constant output area and decreasing
noise and torque ripples.

2 9

2& B Alojdo] e G AETle A AsA 2FEA Al="gow gol S&H I 9lom, QIvE %
WA Al i ALY o] Thsate] bR AEAS SRE & RS ke JEe olF 3% & w4 d
A A8t itk & w=RolAE I 2 AR AFRAS st Al Azte] fAaRe] WE] 544 A= 9
S e ssid s S8 E4sta, 1 Ad olF 3 A AAE ke FIHE Y] A A 54 SHdlA TP A
AAEHE AT 4= 2 AA AL A5 AHog B3 WU §8 =W o2 AolE £ A=E oo 3
[<IR=] o= T xxI== = =1 = = = = oY o= o1 H

g 9, 283 ARE E ALSS g B2 2F AgE SHAA 72 fEg A4S AA gk

. ME of thFet sk ok 2 $&=Ha vk HE
Me gs B aAFEAgel e e Asat

&AL Ao L ALY EAHS ztu %% A (Electric Power Steering : EPS) A
AE A 571 HAE 7] (Permanent Magnet g oz wo|l HLeHyw JuHl]. E3 A=
&

Synchronous Motors : PMSM)+= o] 2] 3 ZA & uj EPSE =7 AE7+= &4 A AW E o] 93t

* Professor, Dept. of Electrical Engineering, Engineering Research Institute, Gyeongsang National University

* Corresponding author

E-mail : ktheoung@gnu.ac.kr, Tel : +82-55-772-1717

% Acknowledgment

Manuscript received May. 20, 2020; revised Jun. 23, 2020 ; accepted June. 24, 2020.

This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non—-Commercial License
(http://creativecommons.org/licenses/by—nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction
in any medium, provided the original work is properly cited.

(441)



The Characteristics Analysis of a PMSM with Current

71

Angle Variations according to Stator Winding Arrangements

]

A A Ao = QbH
7P 7 UEF olF
Phase Stator Winding)
o] AL 63(Six-Phase)©]
o, 3% 142 d4AE olFo=w
=9 JdWHE FEetr] witel dite
A azo]l wrAshE Aol =
HE®2 dE7]7F 55
7VsetAl =t skhARE Ao
1 Aol v = 579
Holxith dwrA o=z ol A&
-105 PMSMol| A& o] gt o] %
Al 7 el 54
7HA] 523 5 el A

o 1 v

2 9
1% 3¢

o

F‘\
BN oM oo e 2 2 o rfr .

kv

ol
ox

s

ofl o3
o

Q)
=

-

o,

A

N
o~

i~

2

oz

—

HU ol HO

2 o & ooff w2

od &, ot

1% =0
T o
lo =

e
R

rr
—
N)

o2,

>

Rl

foig
=

ok
i
tjo
rlr

jn)

2}2}

94

= o
tlo o
B mlo 2

=

o
1=}
Ir
ol

ol
o B

\I _LOL/

X d1 T o
do ¥ i

2

Mo 2
o

o rlr

Mool
0%

ol
bl

=3
hase) 2] #

A4+ (Leading Phase) 2 A
Fd LA Al Zhzte] A
HAE 59 dE7] 54

A& o]

W
Q
e}
=,
=)
e}
o
e

p=2
[e)

)

W
ol

Euio

[o

S|

o
ko
[
:(I){é

£ 4
O
¥

—

w
o

(o o
ox
10 oy
23

>
o 4o
ol
i

ot o

2
A%
2
>
+

td
oz

O
— 0

oMo oo

o, et 2

o
D
o
Q‘L

ol
- O{N
do o

o & o rir e

2
oo L
oX,

ol
-

fr

(442)

Inverter 1

\\\, <
S N ) y

7
lole

LR A

Inverter 2

Fig. 1. 12-Slot 10-Pole PMSM with a dual 3phase stator
windings.
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Fig. 2. Separated 3phase stator windings. (a) Method 1
(b) Method 2 (c) Method 3
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Fig. 6. Efficiency comparison according to the variation of
phase current angles.
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of phase current angles.
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