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Characteristic Analysis of Single Phase Line Start Synchrous Motor

Sol Kim*. Ki-Bong Jang*, Byung-Bok Kim”, Ju Leé®, Kwon-Min Ko* Tea-Duk Kim*., Sang-Kyeong Oh*
* Hanyang Univ. ** Samsung Electric Ltd.

Abstract - SPLSSM may operate with very
high efficiencies and near unity power factor. rotor bar
SPLSSM has been shown to be capable of
desirable steady state performance, but is
known to have undesirable staring performance
because starting asynchronously by means of an
induction cage, it operates in steady state
performance of a PM motor. This combination
provides the steady state performance of a
permanent magnet motor without the need for
an expensive drive system. However, that d_axis
combination makes it difficult to analyze the 2wk

transient behaviors. This paper investigates the a¥1 9% HEY F71719 24
behaviors of Single-Phase Line-Start
Synchronous Motor using finite element method
combined analytic method. It is shown that
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finite element modeling is capable of giving Ferrite | NdFeB
accurate prediction of performances. Varying Quter diameter of Stator [mm] | 1060 | 106.0
the value of capacitance and material of Outer diameter of Rotor [mm] | 604 60.4
permanent magnet shows the effect on the Stack height [mm] 50.0 500
dynamic characteristics in this paper. Turns of Main Winding 297 297
1.4 B Turns of Sub Winding 191 191

) Residual Induction of PM [T] 0.4 1.2

Size of PM [mm2} 289.5 52.2
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Ferrite  NdFeB Ferrite  NdFeB
L [mH]  3.31 331 Lir [mH] 3.1 4.1
Luo[mH] 3785 3633 |Lw[mH] 15 10
tafmH] S18 621 | Rw[Q] 18 18
Lims [mH] 9.6 9.6 Ru [Q] 8 8
Lwmo[mH] 7642 7312 | Rw[Q] 8 8
L mH] 1132 1362 | Re[Q] 8 8
Lif mH] 752 90.1 EMF [V] 434 109.34

22 13430] xR ke Aee]rM Ferrite 432}
Aol 2|8 Fluxe BX¥XE 2dFt}. Ferrited 23§x
YEE 0.4Tolv, F3aA&U sy RibYES g3 52
E Aol Lasta ARZE 0.2T2 BoAL ¢4 o
o}, 4] o] &8 AENY RibAIE 1.0mmE Ax¥
Q2o, Air blocke A%9 Barrier2 F&H3 Sk
Ferriteo] 9% 97148 & 3600rpmolAl 43.4VE A4k
At

2838 JEFA d7ANY Bolole A&REToln
AHEASYEE 1.2T8, 2345YEE 0.8T0id.
3¢ F@asges A4 A2P,E Jehided

Aunxilfary Winding
\\.

Permunent Magnet

232, Ferrite $717] AEEERE

2%3. NdFeB %7171 AKEEE

2.4 siMHE
P49 2¥5E FEEYA &30 BE & 4E
E3 YEHE RAEY.

{%]100 2561%]}
90, m 225
I
86 n 200
70 175
60 150
50 125
40 100
30 75
20 1 : Efficiency (G ~ 100%) 50
I : Power Factor (D ~ 100%)
10 T : Torgue Ripple Ratio (0 ~ 250%)}1 25
5 10 15 20 25 39 [uF)

¥4, Ferrite® AHE3 714 %7)

- G649 ~



1%} 100 1 250 [%]
90 i | m 225
80 200
70 175
60 150
50 125
40 100
30 ke

1 : Efficiency (0 ~ 100%) .
20 11 : Power Factor (0 ~ 100%) 50
10 IH : Torque Ripple Ratio (0 ~250%) 25
0 5 10 15 20 25 30 [uF]

185, NdFeBE A4% %7457

2G4l Ash 2ol 100FS FEEAAANMN £S5 48
of Hulolv], W, 3selN HEFA FTFANYe
A% suFeld Ajage 9% & U8e ¢ & AT

a7, 21¥Y8, 19 NdFeB I3 E oat £53
571719 #id AnZ 7FAlE 1250F, ARG E A
= 5uF ZdAME Algsigo 2473§5'___ 0.45[Nmjo] 5,
RASETE 3600rpmo|th. 2@ 7oA 9 Zol AAdE
A £x7 ARALEE J1EoR WESY jﬂﬁei—t— !
Azgo poy a@7x WL Eaet AF EAL
RoFo AYYHAN HTEIE A3 Ea@r zZon,
2983 ol AAAEHAA %—wdoﬂ zEe AFE
04A, BZRIM z=2E AFE 06AZ EIHIHG o

7ol EagEE AN

'fﬁH-*-J-‘--,
|
/

2elo] Ak

Rotor Speed rpm]

2

4 6 8 10
Time [sec]
1¥H6. NdFeB 71719 £ 54

enni o
= [WVVYVVVYY

1¥7. NdFeB 71718 E3 54

3.0

18 Ia [A]

0.6 a¥ /'(/ VAN WaY
BV
Im [A]

10.00 i 10.08
Time [sec]

7138 NdFeB $7]7]¢] #8344

3.2 =
2 =2ddE B4 FEY 7718 HYPRAT
g Agsid 54¢ sAslde Stz
o 95 EAAA 22T 249 JZAHAFE F8 L
Wol o] Al FAHAUATE TEYF Q] B
o A&E EAsMe] AT
1z 49
{13 ANXKnight and J.CSalmon, “Modeling the
dynamic behaviour of single-phase line-start
permanent magnet motors.”, IEEE Conference

(2]

3]

- 650 -

Record vol. 4, pp.2582-588, 1999.

T.JE Miller, "Single-phase pernanent-magnet
motor analysis.”, IEEE Transactions on Industry
Applications, vol. IA-21, no4, pp.651-638, May

1985.

M.A.Rahman and A.M.Osheiba, "Performance
analysis of single-phase permanent magnet
motors”, Electric Energy Conference 1987.

Adelaide., October 1987.
S. A. Nasar, Electromagnetic Energy Conversion
Devices and Systems, Prentice-Hall, 1970



