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Initial Rotor Polarity Detection of Single-phase Permanent

Magnet Synchronous Motor Based on Virtual dg—-axis
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Abstract

This paper proposes an initial rotor magnetic pole detection method for single-phase permanent magnet synchronous
motors. The target motor cannot obtain position information based on the back emf in the low speed and stop state.
Therefore, an open loop starting process is required, and in this process, initial rotor position information for low current
and soft start is need. The proposed initial rotor magnetic pole detection algorithm considers the effect of asymmetric
air- gap and magnetic flux. In addition, the high-frequency voltage signal injection and the offset voltage for accurate
detection is used. As a result, the permanent magnet poles are is determined by acquiring the maximum value of the
induced current using the virtual dg-axis.

2 o

€ =Re G 4T BB 2] S04 A3 03 108 AL, 08 AT A L A0 g
dee o 94 JRE A 5 olrh e 2] ATE J)Fo] Basty ol
A% 271 A4 4 Fu0tk BRAD, ADHE 2] AU AF A AT 2

Key words : Single-phase permanent magnet synchronous motor, High frequency voltage signal, Rotor permanent
magnet, Virtual dq-axis, Open—loop starting

x% Dept. of Electrical Engineering, Kyungnam University

#* Electric Machine and Drives Research Center, Korea Electrotechnology Research Institute

* Corresponding author

E-mail : seonhwan@kyungnam.ac.kr, Tel : +82-55-249-2744

% Acknowledgment

This research was supported by Unmanned Vehicles Core Technology Research and Development Program through the
National Research Foundation of Korea(NRF) and Unmanned Vehicle Advanced Research Center(UVARC) funded by the
Ministry of Science and ICT, the Republic of Korea(2020M3C1C1A01086541)

Manuscript received Nov. 26, 2020; revised Dec. 18, 2020; accepted Dec. 22, 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.

(1004)



Initial Rotor Polarity Detection of Single—phase Permanent 85
Magnet Synchronous Motor Based on Virtual dg-axis

. ME

)
JP>
FU

YA &H& o BAo] 1L

=
] =2 dy d=9 &
And

N
OHT
'l

L

4ol 7h2 34 TR £7) 4% o
dg Px L 3o P4 AAe ojHor &
Zuel A $98 e By oﬂ%xw 7]
1r;} 3 O AF

it

M2 o ofh
2 oft
N
4
= (o
[
i
o
b
35
X
:.\':_\ﬂ
-14
N
B
Y
o)
:.\'z
o
3:
=
:.\'z

e )t

=

2 2y

NFE AHES QIHE :@li T/dol 75
BAA SFHEAME o]HE 7hxIth 1
71 ds7lek gy 3z &
T B7Fs e AbH e EAE L
vy = AAZE 7" T1-3] o
1 7] AE719 2849 538 Y
3| A= AL 7] 2%101 & AHLUP
AsA =y, elEH 92 ZAA e 2
o]-g3ate] 3=} AXWE 52 fé
14 A ] VA A SR A A
7b F7bE = EAE S, &

AAE o de el & AA

Lot
o W
T
2 o2
-
£ 9
=
>
N

o ML
2
o
fru

rE
Y iL“
N

o
Ll lo
;L HU

N

2,
_L/

L
opc

Jr m1ru
L LJ

o EoM o XN
juiit)
i
rlo
i
i
m1ru

i % ol
QL
s
ol

2
g

fO KoM Hdro > 4y o ol ox a2 o
oX,
2
ol
o

totr
fru
o
AR
Ho
oxl N g
ri_“
>
il
Jz
£
ol
N
82
=

e
2
fru
o2
)«
)
_>a

it

go
o

rix

2

(o
&

-~

E
%U X

2
>
&
L
g
e
2
(o]
0,
rot
ko)
o

P
)
M
o0
R

2 L
N

oft
)
o
z
ot
o j}: ]
i
fo Y2 4o
ol
O Y

HE kT o M
L U

EUREI
2o g £ oox B
N
0%
L2 o
2
)

o
é

o N
U =

2
by =
o 2 £
B
r)J
du "

-

=<

n

o2

-

B

> Noag X to mo my

op O g
ol
I
d

B
b
ot

o

&
of
S

Lo

[

e
fo o
o oo &
4y 2y A
L B g

o
o
ui
2
ok
!N

o

ojN *

ol

ol
2o N

o
oft

)
44
tjo
ox MY

Il. Etet TR S| MS719 =7| 3|E AL
S HE VY

Qe R 9 T3 2

13} 2o] FFOoR A TEH JFOE FAL]

we pom Aush AR ] AA Av
=]

magnet flux magnet fux

5 Stator cument 3 Stator cumrent
fhix flux
Partial

A
safuration

(@ (b)

Fig. 1. Partial saturation due to rotor magnetic flux.
(a) Demagnetization by rotor magnetic flux,
(b) Saturation by rotor magnetic flux.
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Fig. 6. Proposed rotor polarity detection block diagram.
T8 6. Mot SMA X2 HE 25X

wRe B 9T §7] A% 473

B
7ol ARdAA GA el 7] 3=k =}
e

N
)
2
o

2

( _1)‘[
o
o
'l
LN
of
ol
2
oty
R
)
o2

NJT
)

[ Y
)
B
o2
)

Ho
kA
&
v

o

oWl 7Hge) dgF 71HE Hgstd &
o] A7 E Atste] 3 MY A .
=1t

I
)
)
o I

Dscilloscope

Fulllbndgr S,

mverter

Fig. 7. Experimental setup of single-phase permanent

magnet synchronous motor.
07 7. S TR E7|HET| 0] MelEt|

£y O l:_irj+ offset
[}

Las i
i ’ 7 7 |1 Oy |]
. ) . . amp » amp_Ipf
$- COU] < ldS_lﬁj-l- lqs—”?] s+ a)ump
5t sy ‘iqs in

Table 1. Parameters of a single-phase permanent magnet

synchronous motor and inverter.
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Pole 4 IGBT 600[V]/100[A]
Rated voltage 25[V dc] Capacitor 540[uF]/400[V]
Stator _wmdmg 0.015[] Current 70IA]

resistor sensor
Stator winding Voltage
inductance Qs sensor S0
Bemf constant  0.226[V/krpm]
Hall sensor
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Fig. 8. Hall sensor and induced current information when
the offset voltage is ‘O[VI.
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