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(A Study on the Starting Characteristics for Capacitor—run Single Phase Permanent
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Abstract

Although permanent magnet single phase synchronous motor which starts and runs through single phase
voltage source has high efficiency, it is difficult to cletermine the rotating direction. In this paper, the starting
characteristics of the capacitor-run single phase syachronous motor has been studied. The stator has same
structure with the capacitor-run single phase induction motor, however the rotor consists of permanent magnet.
In this case, the starting conditions according to the rotor and stator conditions are determined and the direction
of the motor can be determined. From these results, it is desired that the proposed motor can be applied to the
loads like the fans which has low starting torque.
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Fig. 1. Equivalent circuit of single phase PM
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Fig. 2. Transient simulation block diagram of
single-winding PM synchronous motor
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Fig. 4. Transient simulation block diagram of
2-phase PM synchronous motor
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Table 1. Specification of the test motor.

WhYy)| 20 | AeEs )|

=5 6 | 7A%AE [uF] | 1L5E-6
Wlkg m2] 376E-5| FHAFLUE[T] 07
R1=402 N1=660

g 292
RO=266 A4 {tumn] ND=508

A%} [Ohml

a9 8¢ 3, HZANA Y E39] FA4
£3% Yz glow, AsHes gAEast 3
FHoz el gtoz Agsjel, FIWL oA @
o 39 9t o W B2t AR wold

Torque [Nm)

01 015 02
time [sec]

025 03

J2 8. BN E3 Iy
Fig. 8. Resultant torque wave form

Current [A]

) 6:6577 X
time [sec]
a8 9. F, HXAMY 2= dF 0y
Fig. 9. Current wave forms of the main and sub
winding

@

7Fsd FANH BxPAo] 525 HFY A4
e Wxl 7MAESE fEsit ad 10
Hom &5 dyoln, Fajot MY 7ol wet,. &
71& %0 o]27] %% Xk Qlvh 2felM 12 571
&5 d9ighs BeFa gk

0 0.05 0.1 0.15 0.2 0.25 0.3
time {sec]

18 10. S SVIES)| 4= OHY
Fig. 10. Speed for single-phase PM synchro-nous
motor

222 &% L AHE

F 13} 22 AE7)0] diste] A JHEZREH 7]
EEo] FAAEl o] ZHg-ol 3 AEL 85t
Aok AEE Hk AgAlEY 2 we} 7] 5o)
HeA] o5 71F 3 Ao 22 AFE HE
stgich 19 11, 12& AE7)d 228 94 AR
3 HzAH AFE ez Aok xFS AlZHsec]
oli, y&F HFAIE Ve Utk AlEElolA
BollAe HE719] A o, B4l g mzy
g neiskAE G| Wi H¥o d Yz
7} Zpol7t 71E AR, 71| i oA
F BXAA 3o $Pdke AlEweldoRRE &
B3] =g 4= ok a9 119 AsE= 2300V,
50{Hz], 06l #F1& AFESF 73909, 1Y 12& #
HAE &Fo| 15[ pF1Q Z5-olch #uAE &3
o] Z-& i MR glolels A1, o] ghe A
gAR2mr} o9 AN Hxdde] Judas &
o] H o, wekA] AFE FAMARG Ado] 4
Al "t AAE B3] AAY, = vie} 2
o], AujA|Elo] ojgt glARAE ZhAstT upebA 5
HAol st H2AH AR fdAs dasA 8

Journal of KIIEE, Vol 18, No.2, March 2004



04

a8

'
' ' I « ¢ <
i H 3 - an

)
& H H i
021 0215 0.2 025 02 0.5 024 026 0% 0256 02

)

() AlBY0|M / (a) Simulation

&7}

Tek BBIN 10.0ksss 4 ?:C?S
N

(b) &% / (b) Experiment

33 11, F, HX M 37 mE(230(V3, 50(Hz], 0.6( uF))
Fig. 11. Main and sub-winding cutrent wave form for 230(V], 50{Hz}, 0.6( uF)

08 T —
| I e T T —
T T H Y T T T T T

- ‘
' ) ' ' ‘ ‘ ‘ J ‘
h « ) v 0 + B + + ’
. \ H H ' ' 1 '
v H . ' . ' ) .
' i ‘ ' ‘ h ‘ '
' ' ' ' : ' s 3 3
ank---. A A S, F R TS Y. JU S
' H ' ' ' ' H ' .
‘ : ‘ ‘ ' . . ¢ i
. 5 y v \ ' ' V '
. 1 ‘ ¢

PO Y N N S A T
82t 0215 62 025 023 0Z6 0.2 026 02 025 02

(a) AMIEi0j#& / (a) Simulation

K SGER 10.0180% i Bt«;s
T

-

(b) &% / (b) Experiment

a8 12, 230(V) 1.5( uF) 4R 3, HXAUM HR b
Fig. 12. Main and sub-winding current wave form for 230LV), 50(Hz), 1.5( uF)

o B3 % g4t HEREAY AFt 2718
A EE B 7 Aok A2 A= 05A B30 b
ol dHelAN A dvidad) niet A Qv
=5 @2pR]7] miel & TEEAlFZ e oy
¥ 138 A7EAGS A EE Aol dig A
Yol Bitolth xFE A7HseclolY, yE2 S &
A& Epulolth 0[H]E A7HeE 7 $-oln, 630]
22 1,000(rpm]e] pule] vk 29 13(a)e 97t

LY - WNENORIE= R M18A N2, 20045 39

Hetel 190[VIY Z-$olm, 28 13(b)= 180[V]2
-0l ARAEE 06] w1 F 191 A$-oict. 7|4
& UKol A7HARe] 10[VIRG Yoprle 34
de 71Ed e S & & on, o) e 4
B 2 dASE Qo ol e Algdelva 4
el Blmg F3, BE7 Atgol FAA o, A7
o, AWAE &% Fol AAAA BE]9 715 7}
T 79 dEo] FAdgs dEY 5 gk

@



HUANE 2T HY I7MNY SNUST US55 &

|
of AFST F A4 A5l e BHE
2lafe] olo] W 7% 24 AT, F=d
3 mejsigon, 4uat uastrk o2 8
27), AN §Fo) WE 71 TP s
2 24T 4 ddol TESET DY 2L I
Ea7} e bl 488 £ 98 Aoz Ju
o, 9T AAAE ol geke S Hgol
7,

i)

1
3 i :
a osp--f-3-
kel
(1)
8
g o
o5}
Yo o0s @1 048 07 0z 83  0® 04
time [sec]
(a) 190 (V), 50 (Hz)
! T T T T T 1
5
8
°
[0}
D
Q
1)
ST o056 045 02 025 63 035 0.4
time [sec]

(b) 180 (V], 50 (Hz]

Fig. 13. 7} Hetoll wE 7|18 &4
Fig. 13. Starting characteristics according to the
applied voltage.

@

o7

References

(1) Nesimi Ertugrul and Christian Doudle, "Dynamic Analysis
of a Single-Phase Line-starting Permanent Magent
Syndhronous  Motor”,  Proceedings  of the 1996
International Conference Power Electronics, Drives and
Energy Systems for Industrial Growth, Voll, 8-11,
pp.603-609, Jan. 1996.

{2 TJEMiler, "Single phase Permanent Magnet Motor
Analysis”, |EEE Trans. on Industry Applications, Vol.
1A-21, May-June 1985, pp.651-659.

(3) AMKnight and J.CSalmon, "Modeling the Dynamic
Behaviour of Single-Phase Line Start PMSM”, Proceeding
of 34 Annual meeting of [EEE-Hndustry Applications
society, 1999, pp.2582-2587.

(4) HEF, “UHalaty HIA0E, 8Y STAL 1994,

o X XtTH o

FMI| gtmx)

1965\ 19 2494, 1987 Agdistm B 28s &
. 19899 Meuiatz da A7) FTeE(AAD. 1993
d Aedistn gistd AsTSAN, 1995~ A
FMUET HRAFH} Rias

Journal of KIIEE, Vol.18, No.2, March 2004



